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Dear Conference Participants: 

It is with pleasure that we present to you the Proceedings of the 2007 International 
Conference on Industry, Engineering and Management Systems (IEMS). The 
papers prese~ted this' year w~re of consistently high quality in their respective 
fields. 

The papers presented herein represent the best of what our conference had to offer. 
We present this Proceedings to you in the spirit of continuous improvement. Your 
c01;nments and suggestions regarding the continued improvement of the 
Proceedings are always welcomed. 

These proceedings would not have b_een made possible without the valuable 
contributions of the following: our Track Chairs for the time and effort they spent 
reviewing all papers, and for their v~luable comments they provided; Dr. Amin A. 
Elmallah, Dean of the College of Business Administration at CSU, Stanislaus for 
his continued support; and our Administrative Coordinator, Elki Issa, whose work 
behind the scenes helps make ~ur Conference a success. 

We look forward to seeing you at IEMS 2008! 

~~s~ 
Nael Aly, Ph.D=-.===-=-=-=..:::=-~----:-----
Conference Co-Chair/Proceedings Editor 
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MULTILEVEL COMPUTATIONAL TEACHING TECHNIQUES 
UTILIZING THE PARALLAX BOE-BOT 

Daniel Butler, Paulus Wahjudi, Jean Gourd, and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
We propose the use of the Parallax Boe-Bot to teach and cultivate student interest for technical fields of study such 
as programming and hardware engineering. Techniques can be applied at varying levels of difficulty to motivate an 
understanding from an introductory level up to advanced problem solving. 

INTRODUCTION 
The tenn robot was introduced by Czech writer Karel Capek in his play Rossum's Universal Robots written in 1920. 
Generally robots are considered as an automaton with human form, although the introduction of robots into manu
facturing changed the definition of a robot to a broader scope not necessarily including human shape. Constructing 
and programming a robot requires mechanics, electronics, programming and problem solving. The Parallax Boe-

, Bots reduce the size and the sophistication required to create a robot while retaining the general principles used in 
robotics [16]. 

Robotics is the science and technology of robots encompassing the design, manufacture and programming of robots. 
Although robots have different physical appearances and are used for different tasks, each share three common 
states when performing a task: perception, processing and action. The robot sensors will provide infonnation 
regarding its surroundings to a controller, and the control program will then process the input, decide what action 
needs to be taken and give signals to the robot components in order to achieve it 

Figure 1. Boe-Bot prototype 

The Boe-Bot is a potentially au~onomous robot created by Parallax, Inc and can be purchased as a kit. The original _ 
Boe-Bot (shown in Figure 1) was built as a teaching tool to expose students to circuit, programming, engineering 
and robotic concepts. It is controlled by a BASIC Stamp that is programmed in PBASIC, a microcontroller based 
version of BASIC also created by Para,.iax. The Kit includes all the necessary parts for constructing a wheel based 
version of the Boe-Bot. For example, it includes a carrier board, microcontroller, servo motors, photoresistors, 
infrared receiver, and wire whiskers. The microcontroller is a programmable device that can be programmed to read 
sensors, make decisions and orchestrate devices that ·control moving parts. The Boe-Bot's movement is achieved by 
a rotation servo that can receive electrical signals to turn at a certain speed and direction in contrast to standard 
servos that utilize electrical signals to hold certain positions. Controlling the servo is achieved by sending the same 
message over and over again at the minimum rate of 50 instructions per second to maintain speed and direction. The 
photoresistors, infrared receiver and wire whiskers are the basic Boe-Bot sensors and are covered later in the paper 
[16]. 

Due to the versatility of the microcontroller, breadboard and various sensors, the Boe-Bot can be used in many ways 
as part of a challenging yet fun learning process. Through writing simple programs that can be loaded and reloaded, 
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the microcontroller allows the Boe-Bot to do essential robotic tasks. It can detect the world around it, through the 
monitoring of sensors, and make decisions, based on sensor input, _as to how it should control its movement and 
what information it should exchange with the user. The infrared receivers, photo resistors, and wire whiskers are 

_ three examples of sensors that come in the typical Boe-Bot kit. With these, the Boe-Bot can detect objects in its path 
. and pass signals through the circuits put together on the breadboard to the microprocessor for analysis and decision-
making [ 16]. · 

· Although the Boe-Bot can potentially be programmed to autonomously navigate a complex obstacle course, it can 
also be used· as an introductory level teaching tool from the high school level up to the college graduate level. In 
high schools the Boe-Bot can be utilized as part of a distinguished scholar program and "urriculum for gifted 

-stud_ents, but is also not limited to the use of high schools lacking the funding for specific computing classes. At the 
freshman-sophomore college level it can be used to alongside the more bland "Hello World" program assignment in 
the capacity that it can lend to the understanding of basic programming concepts (e.g. loop structures, conditional 
statements, and variables). For juniors and seniors, the assignments involving the Boe-Bot can help to further 
understand the concepts of algorithms, problems solving, code optimimtion and prioritimtion. At the graduate 
level, with the help of additions kits, it can be used for projects as an. example of cooperation between intelligent 
machines. 

BOE-BOT SENSOR FEATURES 
One of the most important features of the Boe-Bot is the different types of sensors available. The wire whiskers, 
photoresistors, and infrared sensors are important with respect to the Boe-Bot's ability to sense to world around it · 
and, througJ:i progrimuning, to react accordingly. 

Figure 2. Boe-Bot with whiskers 

In many robotic applications from robotic arms to counting items in a productiQn line to aligning objects in an 
industrial process, tactile switches are used to determine programmed output. The wire whiskers (shown in Figure 
2) are the Boe-Bot's version of a tactile switch and give it the ability to sense the world around it ~ough touch. In 
the instance that a whisker is triggered, a circuit is completed and a signal is sent that can be used in the program to 
determine the next action. If.one of the whiskers is triggered then it will be known on what side the object is located. 
If both of the whiskers are triggered then it will be known that the object in the path is directly in front [16]. 

2 
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Figure 3. Boe-Bot Photo photoresistors 

The ability to detect light and measure variances in light are an essential part of many robotic operations. The Boe
Bot uses photoresistors (shown in Figure 3) to sense the world around it through detection of visible light. The 
photoresistors aid the Boe-Bot in detecting the overall level of brightness or darkness it sees and to navigate to light 

, sow-ces such as a beam from a flashlight or a doorway letting light into a dark room. Given the circuit design; the 
sensitivity of the photoresistors can be adjusted to address the requirements of the problem by dividing the voltage 
supplied to the photo resistor using an appropriately valued resistor [16] . 

. . 
•: . 

.. .. 

Figure 4. Boe-Bo~ infrared emrniter (LED) and receiver (phototransistor) 

Another set of sensors that allows the Boe-Bot to sense the world around it is the infrared sensor and receiver. 
Through the use of infrared LEDs and infrared detectors (phototransistors ), in some cases the Boe-Bot can detect an 
object in its path or detect a ledge or sudden drop (See Figure 4). Also, the Boe-Bot can be programmed to sense 
black lines as wall or lines to be followed. This works due to the fact that the black area will appear, in a manner of 
speaking, to be further away., Based on the circuit design, different frequencies can be sent through the infrared 
LED to sense objects at different ranges (See Figure 5). Also, the use of both sets of infrared sensors can lend to 
adjusting the path of the Boe-Bot in order to avoid colliding with the objects it sees [16]. 

PBASIC PROGRAMMING LANGUAGE 
The PBASIC programming language offers beginners a convenient way to program the robot using common control 
and loop structures very similar to those in traditional BASIC (and Visual Basic) and even C and C++. Although 
different due to the provision for interfacing directly with on-board sensors, we can illustrate some parallels between 
PBASIC and C++ (see Table 1 ). 
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Figure S~ Boe-Bot zone detection ' 

C++ PBASIC 

switch BRANCH 
cout DEBUG 
exit END 
for FOR ... NEXT 
(functions) GOSUB 
goto GOTO 
if...else IF ... THEN ... ELSEIF ... ENDIF 
(arrays) LOOKDOWN 
(arrays) LOOKUP 
sleep PAUSE 
rand RANDOM 
(pointers) READ 
return RETURN 
sleep SLEEP 
exit STOP · 
(pointers) WRITE . 

Table · 1. C++ and PBASIC Command Comparison 

Zones 
No Detection 
at any · 
Frequency --- --- --

In terms of variables and constants, PBASIC offers only four types as illustrated in Table 2. Floating point data 
types are not supported, but can be implemented in a limited fashion if desired. 

C++ 
PBASI 

C 

-- Bit 
-- Nib 
char Byte 
short Word 

Table 2. C++ and PBASIC Variable Comparison 
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TEACHING ACTIVITIES 
At the high school level, there are several reasons why the Boe-Bot would make a good teaching tool. In the case 
that a programming class is not available, knowledge in the programming or electrical engineering is not necessary. 
Teaching guides can be purchased through Parallax, Inc. or be made through the activities described in the 
"Robotics with the Boe-Bot" text included in the kit, and the student's work on the project assignments can be 
judged based on the outcome or success in completing the assignments. 

Furthermore, the Parallax Boe-Bot is cost efficient in terms of both time and money. Currently, the Parallax website 
displays the cost of either the Serial or USB version of the Boe-Bot Full Kit at $150 per unit or less depending on 
how many are purchased per order. It may also be found at a lower price through eBay and official resellers. Not 
only is it affordable, but it may be that only one is actually needed. The versatility of the Boe-Bot's microprocessor 
and breadboard allow for reprogramming and reconfiguration in a relatively small amount on time. Since the 
programming is done on a PC and loaded into the microcontroller and on-board memory, different sets of 
instructions can be saved and loaded at any time, so long as the circuits are set according to the program's · 
requirements. Even simpler, the Boe-Bot's circuits and sensors could be pre-configured by the instructor, so that all 
that is required for the students is to load and test programs individually. 

For freshman and sophomore students enrolled in a college technical course, the Boe-Bot can be used as a teaching 
' tool for learning the basics of pro~ing, in parallel with the general introductory programming course work. The 

students can learn about input, output, variables, loop structures, and conditional statements by applying these 
principles in programming the Boe-Bot. Input from the sensors will trigger conditional statements, while the loop 
structure produces the output that keeps the robot in motion. Altering the electronic components ( e.g. resistors, 
capacitors, and sensors) on the provided breadboard, in addition to making modifications·to the PBASIC code, can 
serve to more directly address a particular challenge and aid in debugging. After a successful run, watching the 
Boe-Bot respond to sensor readings and move to a set of instructions is indeed much more exciting than the usual 
"Hello World" introductory programming assignment. 

Juniors and seniors can be given assignments using the Boe-Bot to achieve specific tasks such as making rounds in a 
mock warehouse or navigating a maz.e or an obstacle course. In a warehouse simulation, the bot could follow lines 
drawn in a circuit, making stops at designated points for a period of time, then moving to the next. The maz.e or 
obstacle course would require the Boe-Bot to use sensor readings as indications of its surroundings and prioritize its 
reactions based on the type of environment it detects. Lines and/or walls could be arranged in such a manner as to 
provide a challenge to the programming and the problem solving skills of the students. As part of an obstacle 
course,. a section could be designed such that the Boe-Bot must use its sensors to find the strongest source of light as · 
an indication of its destination. In all _examples the students will be given problems and left to their own reasoning 
as how to solve them. Additionally the students could compete to see which team produces the Boe-Bot design and 
algorithm to successfully navigate the maz.e or obstacle course in the shortest amount of time. 

For the more advanced graduate courses, the Boe-Bot can be used to introduce more depth to artificial intelligence. 
Additional kits can be purchased to add new sensors in order to facilitate better situation awareness. One specific 
add-on for the Boe-Bot allows it to communicate with other Boe-Bots to achieve a cooperative effort. There are 
wide varieties of robot competitions utilizing ro~ts of different types and forms which compete with each other to 
complete a common task. Utilizing the Parallax Boe-Bots and Microsoft Robotics Standard Development Kit, 
students can expand the type -of computational intelligence or algorithm that can be programmed to the Boe-Bot. By 
adding accessories such as Bluetooth connectivity to the Boe-Bot, it can be used to implement cooperative multi
agent systems. The Boe-Bot will be able to communicate with a central unit and receive instructions from it. The 
central unit can then direct the Boe-Bot to cooperate with other robots in order to complete a task. 

CONCLUSIONS AND FUTURE WORK 
We have recently shown some of the aforementioned ideas for using the Boe-Bot to a group of high school science 
teachers, and they immediately showed interest despite having no. background in programming or engineering. A 
high school may not be able to build an immersive visualization lab or a multi-processor cluster, but it can easily 
introduce students to programming with the use of the Boe-Bot due to the fact that it is highly affordable. The Boe
Bot works alongside introductory courses, yet similar options can be used in conjunction with the more advanced 
courses. Some examples of this are analyzing the behavior ofFurbies and building various projects with the ·more 
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advanced robotic systems such as the LEGO Mindstonn, which comes with much more complex components and a 
wide variety of sensors than the Boe-Bot. 

We have found several weaknesses in the basic Boe-Bot design that will need to be addressed in the future. The 
small breadboard is difficult to manage when several components are connected to it and often will create confusion 
when debugging. Similarly, the sensors are also attached to the breadboard, and during its operation they can 
become misaligned or come loose upon impact or in the event of strong vibrations. We plan to improve this by 

. · mounting a larger breadboard on top of the Boe-Bot to allow for more space while dealing with the electrical 
components. Another crucial component is the battery usage; the Boe-Bot's performance differs significantly when 
the battery is in full charge; there is no measurable consistency. We are considering incorporating a power source 
that will last longer during the Boe-Bot operation; for example, utilizing rechargeable cell phone batteries. 

The utilization of the Boe-Bot as a computational teaching tool generates interest at different levels of education. 
Regardless of the students' programming level skills, the Boe-Bot can be tailored to spark interest and enthusiasm in 
students to explore the computational world. 
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MULTI-AGENT CONFIDENCE FRAMEWORK FOR HETEROGENEOUS DATA FUSION 

Greg Coburn, Jean Gourd and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
We present a multi-agent system designed for gathering data from distributed heterogeneous sources. A central 
agent is utilized to delegate tasks to subordinate mobile agents allowing for the abstraction of the data gathering 
process. We further extend the functionality of the mobile agents by attributing confidence values to data sources 
via a fuzzy logic-based decision support system. · 

HISTORY 
The primary draw towards utilizing mobile agents in a distributed heterogeneous environment is the ability to 
dedicate the maximal amount of local resources to a remote inquiry without impediments from a congested network. · 
Traditional server-client connections are established to propagate the mobile code requiring intermediate computer . 
knowledge [3]. Searching, filtering, and other various "intelligence'" embedded in the mobile agent provide a 
mechanism to further reduce the agent's payload. Mobile agents operate independently from the originating machine 
allowing f~r &utonomous and asynchronous data gathering aptitude [I]. 

-The connections .made between mobile agent multi-node· networks are strictly proprietary allowing complete 
interoperability across the network irregardless of the operating environment. This ensures full compatibility in 
transferring, verifying, and executing the mobile code across administrative domains. Currently the protocol 
methodology employed in today's mobile code lacks the proper security measures to be a viable choice in most 
in~ets [2]. 

A ·significant hindrance preventing the widespread adoption of current mobile agent technology is the lack of 
authentication inherent in the protocol. Mobile agents live inside of a "sandbox" limiting their access on host 
machines providing an indiscriminate layer of security. Mobile agent security models have been developed to extend 
the security·ofmany weaknesses in the communication channel and the host machine's agency [7}. 

INTRODUCTION 

Abstraction Background 
Currently the intelligence of instantiating an agent requires interaction from the user; this method is inflexible and 
prone to errors. For example, to properly gather map information there may be multiple types of information to 
gather from multiple sources. A single mobile agent may be deployed to acquire all heterogeneous types of inquiry 
data, although this model becomes highly unmanageable as the mobile agent infrastructure augments. A more 
logical approach is to separate and categorize the tasks of individual agents to not only produce more modular and 
manageable code but also to reduce the transference of unnecessary executaole code over the network thus saving 
bandwidth. This paper introduces the concept of abstracting the gathering process according to the disparate data 
types predefined in ~e infrastructure. · 

Confidence Background 
Verification of the relevance of the information ( which we term confidence) is an important aspect in situations 
where a fuzzy-logic based decision support system must produce an accurate result of combined heterogeneous 
information. This paper is geared toward the benefits of deploying a fuzzy logic system with attributing confidence 
values on the hosts and the data to assist in more accurate results; however, the concept of confidence could be . 
applied to various infrastructures that require prioritizing the information's attributes in order to intelligibly compute 
the data's relevance: Methods of tagging the information and host computers with confidence values are discussed in 
greater detail in the next section 

· FRAMEWORK 
Our framework introduces flexible abstraction in the form of a central agent that automates the creation and 
deployment process of mobile agents across the knowledge domain. This framework subdivides the tasks of various 
"specialty" agents to assist in the retrieval and decision making process of a user's query or task. Relevant 
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information is preprocessed through a fuzzy inference engine to assess the relevance of each piece of data gathered. 
This methodology attn"butes a weight value to all data and logically prioritizes, processes, and produces a more 
accurate result than with the use of conventional techniques. · 

Mobile Agent Abstraction 
Our abstraction layer simplifies the initialization and organization of mobile code to allow for a scalable architecture 
that is readily maintainable. The removal and augmentations of mobile code becomes significantly more manageable 
through the central agent. User queries are processed in the central agent and categorized to initialize all appropriate 
mobile agents to begin gathering relevant information. Intelligence in the stationary central agent selectively 
manages and initializes code with necessary parameters acquired from a user's query as illustrated in Figure 1. 
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Figure 1. A stationary agent delegating tasks to subordinate mobile agents. 

A central agent framework allows not only for an abstraction layer but also provides the means to flexibly handle 
large amounts of user input by means of load balancing and failsafe strategies. Load-balancing reduces the strain on 
a single central agent by utilizing multiple central agents across many machines and performs a round robin 
technique on the IP addresse~. If a machine in the cluster malfunctions, the surviving machines still provide users 
with the ability to input queries to the central agent [8]. 

Often in programming environments, code can easily become bloated and obfuscated by arcane syntax and a 
conglomeration of different programming styles; this design isolates such common mistakes to a single agent. 
Agents suffering from bloated code are diagnosed rapidly through simple benchmarking techniques. Modification or 
even redesigning of code may be necessary in such cases to improve agent performance [9]. 

As stated earlier, diagnosing and debugging of performance issues and problems becomes significantly more 
intuitive. Simply track individual agents for anom~lies to isolate agents which may bottleneck the system. 
Production level code becomes more stable and streamlined when this technique is implemented. 
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Mobile Agent Validation . 
Integration of verification .information assists our decision support system in weighting queried information 
collected from mobile agents. Confidence values vary with the amount of different mobile agents and depend 

· heavily on the type of information being gathered. Confidence is a dynamically changing attribute that must be 
earned by the host. As the host is repeatedly visited by an agent, naturally the confidence will raise then be updated 
accordingly and reflected in the final results as illustrated in Figure 2; this information is known as host confidence. 
There are ~o types of confidence values: , 

• Host confidence. This confidence associates the trust of each host machine with individual·agents. 
Different types of agents place varying levels of importance on .a host machine:-" 

• Data confidence. This confidence allows the agent to prioritize the most relevant attributes of information. 
For example, a weather agent acquiring forecast information will give timestamp information a higher 
priority than a bathymetry agent. · 

Updating 
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DataAgent I 

Central 
Agent 

Reflected 

., Results 

Inference 
En ine 

Old I .. • 
Confidence ~1---H-o-st ___ l .J Co;.:nce 

Figure 2: Confidence updating path 

Data confidence supplies informatioi:i to agents pertaining to the relevance of the data by the current host. A few 
reasons confidence in data might change are: 

• Antiquated information. Timestamps on the data are out~ted 
• Missing information. No complete information 
• Less relevant information. Not essential to the agent collecting data 
• Unreliable information. The host might gather data that is not trusted 

The agent may combine both types of confidences to produce a total confidence in the data and host. The agent uses 
this information to assess the prioritization of data in the expert system that will ultiQ1ately produce the final result 
displayed to the user. 

PRILIMARY RESULTS 
After working on the design and development of this proposal on a project in cooperation with the US Department 
of Defense, we have demonstrated a complete prototype to our satisfaction. Currently benchmarking and 
optimizations are being integrated in our infrastructure to reduce communication delays and computation costs. Cost 
of communication and processing is significant enough to warrant code modifications and optimizations. . 
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CONCLUSION 
Our framework introduces the concepts of augmenting the inflexible and tedious method of instantiating multiple 
agents and wraps the logic into a central agent that manages this process. This technique assists our infrastructure in 
a variety of ways such as maintenance, debugging, benchmarking, delegation, and augmentation of code. Increased 
stability and uptime will significantly benefit a large system when thousands of requests are being poured into the 
system with the assistance of failsafe and load-balancing techniques. 

Our proposal also brings forth the concept of verification infonnation associated with hosts and individual pieces of 
data residing on host machines. Confidence associates a weighted value with resources in the knowledge domain 
which the agent draws conclusions from with the assistance of a fuzzy logic decision support system. This concept 
significantly increases the accuracy of the result presented to the user by allowing the fuzzy logic expert system to 
minimize the effect of less relevant infonnation on the concluded result. 

(I] 

' [2] 

[3] 

[4] 

[5] 

[6] 

[7] 

[8] 

[9] 

REFERENCES 

Bernich M., Fabrice M. Mobile agent communication scheme. In International Conference on Systems and 
Networks Communication (JCSNC'06) 

Burkle/\., Essendorfer B., Hertel A., Muller W., A test suite for the evaluation of mobile agent platform 
security. In IA T 2006 Main Conference Proceedings IEEEIWIC/ ACM. 

Choi S., MaengSoon B., Reliable asynchronous message delivery for mobile agents. In IEEE Internet 
Computing. · 

Hamerurlain A., Morvan F. How can mobile agents and cost model approaches help for distributed query 
optimization? In 17th International Conference on Database and Expert Systems Applications (DEXA '06) 

Ilarri S., Trillo R., Mena E. SPRINGS: a scalable platform for highly mobile agents in distributed 
computing environments. In 2006 International Symposium on a World of Wireless, Mobile and 
Multimedia Networks (W o WMoM'06) 

Kulkarni U ., Tangod K., Mangalwede S., Y ardi A. Exploring the capabilities of mobile agents in 
distributed data mining. In Idh International Database Engineering and Applications Symposium 
(IDEAS '06). 

Rana T. Mobile agent's host security with access control. In the lnernational Conference on Compuational 
Intelligence for Modelling Control and Automation and lnternation Conference on Intelligent Agents Web 
Technologies and International Commerce (CIMCA '06) 

Summiya, ljaz K., Manzoor U., Shahid Arshad. A fault tolerant infrastructure for mobile agents. In the 
Inernational Conference on Compuational Intelligence for Modelling Control and Automation and 
internation Conference on Intelligent Agents Web Technologies and International Commerce (CJMCA '06) 

Wong S., Ng K., Security support for mobile grid services framework. 

11 



Proceedings of the 2007 IEMS Conference 

PARALLEL IMPLEMENTATION AND ANALYSIS OF MANDELBROT SET CONSTRUCTION 

Isaac K. Gang, David Dobson, Jean Gourd and Dia Ali 
University of Southern Mississippi 

ABSTRACT ' 
Mandelbrot· Set is a mathematical application that has gained wide recognition outside of mathematics because of its 
appeal and complex structure. Our goal is to examine the serial algorithm of this set, devise a parallel algorithm, and 
implement it using the Message Passing Interface (MPl) . . We conclude with performanctf measurements and a 
comprehensive analysis. 

INTRODUCTION: 
Problem Description 
The Mandelbrot set, named after Mathematician Benoit Mandelbrot, is afra~tal.·A fractal (see Figure 1) is a shape 
whose boundary exhibits a complicated structure at all length scales ~dis recursively constructed. It is-sometimes 
referred to as "self-similar," which means that it is exactly or just about similar to a part of itself (i.e. the object 
resembles one or more of its parts). Fractals often resemble complex patterns found in nature. These complex 
patterns. are colored resulting in beautiful computer generated images. The question now becomes how do fractals 
generate these complex patterns? The answer is not easy. For one, a fractal is a set composed of complex numbers. 
A basic understanding <?f complex numbers is therefore required to understand fractal gen(?ration. Additionally a · 
formula is· needed to compute numbers in the fractal set. The Mandelbrot Set, for example, is generated by 
repeatedly calc:ulating the two formulas listed befow. Given the standard X-Y coordinates, choose a point on the 
plane with coordinates Rand S (let's say) and calculate the two formulas as follows: 

Xn+l=X/-Y/+R 

Figure 1. Fractal 

Complex Numbers 
The Mandelbrot set is a mathematical set, a collection of numbers. However, these are not our everyday numbers; 
they are complex numbers. Complex numbers are made up of two parts; a real and imaginary [4]. The real part is a 
number such as -5, and the imaginary part is a real number (e.g. 9) multiplied by a special symbol (appropriately 
called z). An example of a complex number would then be: 

-5+9i 

By definition, i is the square root of -1. Recall from basic Algebra, that no real number can be squared to produce a 
negative result. Additionally, one cannot take the square root of a negative number and obtain a real number. 
However, i is not a_ real number. In fact, i is what separates real from imaginary numbers. Equipped with this 
invention, we can successfully square an imaginary number and get a negative number. For example, ifwe square 
3i, we will obtain -9. Going back to the above formulas and relating them to our complex number discussion, it is. 
easy to see that we can transform them into one simple formula that looks something like this: 
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C is a constant number; therefore, we can view R and S from the first two formulas as real and imaginary 
respectively [I]. 

Graphing the Mandelbrot Set 
Real numbers can be represented on the standard number line. Any real number can be graphed on this line [3]. 
However, because imaginary numbers have two parts, they cannot be graphed on this line. Instead, we add a vertical 
dimension to the number .line and graph them on a complex number plane which is similar to the X-Y coordinate 
system. 

Since the Mandelbrot set is a set of complex numbers, we can graph it on a complex number plane. However, we 
must answer one question before we proceed. How do we know which numbers are part of the Mandelbrot set and 
which are not [5]? We need a test to accomplish this. 

Membership Test 
, Our test to determine the membership of the set (membership test) is based on the quadratic recurrence equatio~: 

Z =Z2 +C 

During the testing process, constant C remains the same throughout. This is the number that we are testing. It is the 
point on the complex plane that we will be plotting after the testing is complete. Z starts at zero, but it repeatedly 
changes as we iterate through the above equation. The membership is then determined by the magnitude ofZ [5]. 

Magnitude 
As Z changes, we are not particularly interested in its value but rather its magnitude (that is its di~tance from zero). 
Although the magnitude of a real number is simple to calculate, it is nontrivial to calculate the magnitude of a 
complex number. The magnitude of-2 is 2 (distance of2 from zero). To calculate the magnitude ofa complex 
number, we add the square of the number's distance from the x-axis (the horizontal real axis) to the square of the 
number's distance from the y-axis (the.imaginary vertical axis) and take the square root of the result. As illustrated in 
Figure 2, a is the distance from the y-axis, b is the distance from the x-axis, and dis the magnitude, the distance 
from zero [6]. · 

d - Va2 +b2 

• a 

.d b 

Figure 2. Complex number plane 
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·As we iterate through our equation, ·Z and its magnitude changes. As the magnitude ofZ changes, one of two things 
· will happen: I) it will be below or equal to two, 2) it will surp~s two at some point. Once it surpasses two, it 'will 
increase for good. In the first case, the number we are testing is part of the Mandelbrot set where as in the second 
case it is not [3]. 

SERIAL ALGORITHM AND IMPLEMENTATION 
. Because the Mandelbrot Set has proven its worthiness as a topic to be'studied within the computing community, 
various algorithms for generating its representation exist today. This goes without saying that the membership test 
and the magnitude ofZ described above play a major role in all of the algorithms [7]. One of these algorithms, 
which proved be the most trivial is the escape time algorithm described below. .. .. 

Escape Time Algorithm 
Continuous iteration through the equation determines the quality of the Mandelbrot set image (fractal) we produce. 
As a consequence, the more iterations we perform, the better the image. In the escape time algorithm, a repeated 
calculation is performed on C (the point on the complex plane that we will be plotting once the membership test is . 
complete) and based on its behavior, a color is chosen for that pixel. The x and y location of each C are used as 
starting values in the iteration. During each iteration, we create a new Z and use the result as the starting value for 
the next iteration. The values are checked during each iteration to see if they have reached a critical "escape" 
condition. If this condition is true, further calculation is stopped, a pixel is drawn and examination of the next C will 

· commence. Some starting values reach the "escape" condition quickly whereas others may take a large number of 
iterations to do so. Furthermore, values which pass our membership test (members of the Mandelbrot Set) will never 
reach the critical "escape" condition [2]. Programmers must choose how many iterations or depth they wish to 
. examine, but they also should consider the consequences of their choice. As mentioned above, better images are 
produced with a larger number of iterations, but this means a longer calculation· time for the picture. As common 
practt~e (though not a law), black color is used for values that never reach the escape condition whereas brighter 
colors are used for non-members of the set. 

Other Algorithms 
Other algorithms, which are somewhat similar to the·escape time algorithm but which implement slight variations 

· exist. However, these are out of the scope of this paper. 

PARALLEL ALGORITHM 
For our parallel design, we essentially used.the serial algorithm described above (sometimes referred to "fractal 
algorithm" in this paper). We then add a randomized partitioning scheme and synchronize the process 
communication using the Message Passing Interface's (MPI) collective communication routines. 

Partitioning 
Partitioning the Mandelbrot Set is not an easy task, though it is a good problem to parallelize. In fact, this is where 
creativity and improvising is a must. Here the bottleneck is that some values reach critical escape condition more 
quickly than the others. As the magnitude of Z surpasses 2, it does so forever, implying that it reaches the critical 
escape condition (in which case it is not in the Mandelbrot Set). Therefore, some areas of the frac~l require many 
more calculations. Standard_ partitioning techniques will not always result in a good distribution of the 
computational load. A quick glance at Figure 3 will give the reader some idea of this problem [8]. 
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Figure 3. Block-row distributions 

Black areas require much more time to compute than do areas oflighter color. In the first image the processes 
responsible for generating the two center blocks will take much longer to finish. Two processes will do the majority 
of the work resulting in little speedup. The figure on the right shows vertical block partitioning which will result in 
the same problem as the horizontal partitioning illustrated in the left image. To deal with this partitioning issue, we 
randomize what pixel each process will be responsible for generating. · 

By randomizing the partitioning scheme, a process may compute the fractal at any x, y coordinate ( we call this point 
C) depending on the randomization. To accomplish this in parallel, we initialize two vectors to .represent the range 
of x and y values and then randomize the values in these vectors by generating a random number and swapping 
elements according to that number. Finally, these· vectors are used to generate the fractal. 

Due to the independent nature of the fractal alg~rithm, communication between processes is minimized. Processes 
only communicate in two stages; before and after all calculations are completed. In the first communication stage, · 
we use the MPI _ Broadcast to transmit the randomized vectors whereas in the second communication stage, we use 
the MPI _ Gather to get the results. · · 

In the case of the vectors, we allocate two vectors and randomize them. Furthermore, the randomized vectors are 
transmitted to all processes using the MP(Broadcast. Processes then compute nip elements according to the fractal 
algorithm and use MPI Gather so that Process O ultimately receives the final result. In the final step, Process O . 
reassembles and reorde°"is the result. · 

DEVELOPMENT ENVIRONMENT 
Initially we developed our code on a Linux machine. Once completed, we used the supercomputer environments 
available at the Mississippi Center for Supercomputing Research (MCSR) to test our code. The program is coded in 
C++ to make use of the EasyBMP library. 

To parallelize a problem, a parallel language or a library, beside the high level language we traditionally use, is 
needed. Though there are several of these, such as Pthread and OpenMP, we utilized ~e Message Passing Interface 
(MPI), a set oflibraries that can be called from a high level language such as Fortran, C, or C++. We also utilize the 
Portable Batch System (PBS), a job submission facility, to submit our work on two MCSR parallel systems: Mimosa 
and Sweetgum. For comparison purposes, we use two different systems to develop and test our implementation. 
One of these systems, Mimosa, is a distributed memory system. Sweetgum is a shared memory system. Because 
our program relies on EasyBMP, a bitmap library, Message Passing Interface (MPI), and the Math library, they are 
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reflected on the compilation and execution of the program. Below are the instructions to compile and execute the 
code on the above environments: 

mpiCC ~asyBMP.cpp mandelbrot_parallel.cpp -lm 

mpirun -np x . /a. out (x being an integer indicating the number of processes to be used). 

IMPLEMENTATION AND VERIFICATION 
We have described and explained the implementation details above and will now briefly v,erlfy our results using 
some· screenshots and images generated by both serial and parallel programs. One of the problems on Linux 
machines is the on-the-fly generation of images. To ease this problem, we use a bitmap library and send the images 
generated by our program to an output file and view the images from there. As we execute the program, images are 
sent to the output file. 

PERFORMANCE AND ANALYSIS . 
For large images we obtain very good performance and the speedup is close to linear in some cases. The following 
speedup ·and performance charts illustrate this fact graphically. As observed in Chart l, Mimosa initially 
outperforms Sw.eetgum. However as the number of processors increases, Sweetgum approaches Mimosa due to the 
in~reased amount of communication. As illustrated in Chart 2, both Sweetgum and Mimosa achieve a speedup close 
to optimal (lmear). · 

COMMUNICATION COST 
The parallel algorithm is designed to minimize communication cost. Processes only communicate in two stages; 
before and after all calculations are completed. We calculate the parallel cost, T P, as the cost of vector 
randomizatipn plus the cost of two broadcast communications, the cost of the fractal generation algorithm, the cost 
of gathering the communication, and the cost of reordering. So our formula is, 

C = 8Ch[p-1 DD p 

E=eQ!._[ 
Lf}j-1 □ 
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The gather operation is the asymptotically dominating element. However, the constant for calculating each pixel is 
very large. The gather operation will only begin to dominate for very large numbers of processors. 

The serial algorithm cost is simple: 
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CONCLUSION 
In this paper, we have described the Mandelbrot set which is a fractal and discussed our implementations of the set 
both in serial and parallel forms. We analyzed the performance and verified our results. After working with this 
problem, we are convinced that it is a good problem to parallelize. The main limiting factor for scaling this program 
to larger problems is memory. For example, to generate a 10,000xl0,000 pixel image, over 400MB of memory is 
required. Our future plan is to further look at this problem and try to find ways to improve our current 

. implementation. , 
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PARALLEL IMPLEMENTATION OF CONCURRENTLY EXECUTING PETRI NETS 

Jeremy Kackley, Gregory Coburn, Jean Gourd and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
Petri nets are widely used to test designs prior to actual construction. Serial simulation is trivial, but parallel design 
allows for efficient simulation of larger Petri nets. We present a partitioning scheme and parallel implementation 
and compare it with a serial implementation to determine the efficiency of our implementation. 

OVERVIEW 
Petri nets are design models that allow professionals to simulate practical "real-world" execution of state machines. 
Designing real world applications in Petri nets is much more cost efficient than attempting to implement a badly 
designed architecture. Badly designed architectures may result in reduced scalability, ineffective functionality, or 
incompatt"bilities with the original design. Petri nets are referred to as a directed bipartite graph of transitions and 
states that describe the flow of changes in events. In this case, bipartite simply implies the strict interconnection of 
states to one or more transitions and vice versa; no homogeneous connections are possible. As states change 
tproughout the Petri net, tokens are transferred at the firing of transitions which alters the mode of the Petri net. 1:fl 
our code and examples we deal simply with the classical execution of the original Petri net design. We do not take 
into account any added features that have since extended Petri nets ( e.g. concurrent and object-oriented Petri nets). 

The problem with current Petri net designs is mainly that Petri nets are run in a simul~ted concurrent state. This 
simply means that the execution of Petri nets is still done iteratively by one process to produce the final result. We 
can significantly increase the execution of large scale Petri net designs by firing large numbers of enabled transitions 
concurrently across a distributed network. By optimizing the state and transition arrays in our code we can 
co~iderably reduce the amount of bandwidth needed for communication between the multiple processes. This and 
other factors will be further explained. 

Our proposal is to make a flexible concurrent implementation of classic Petri nets. First we will build a basic 
structure in C which will determine our view of states and transitions; then, we will create necessary functions to 
execute statements on these states and transitions. Structures will aid in the understanding and logical 
implementation of the Petri nets in the code. 

We will use Dev C++ Bloodshed as the development environment. We will be using the MPI API's to provide the 
multiprocessor support required. We will also be running our concurrent and serial versions on Mississippi' Center 
for Supercomputing Research (MCSR) which includes two machines: Sweetgum (shared processors) and Mimosa 
( distributed processors). · 

SERIAL ALGORITHM AND IMPLEMENTATION 
In our serial implementation we have added a state array to hold all the tokens inside of each place and a transition 
array to hold the input, output, and enabled state of each transition. Here is the structure of each array: 

• State Array - integer array used to hold the values of tokens 
o Active - used to hold the value needed to decrement or increment the number of tokens 

in a 'place after each run 

• Transition Array -
o Enabled - boolean used to represent if this transition can fire 
o lnput_state- bit mask integer used to represent the connections going into our transition 
o Output_state- bit mask integer used to represent the connections going out from our 

transition. 

Structures only aid us in thinking of the problem logically and offer no real optimiz.ation improvements. We convert 
a simple Petri net into two logical arrays representing the connections and tokens currently in place inside the Petri 
net as shown in the illustration in Figure I. For the input and output states of each transition, we've decided to use 
bit masking to optimize the communication costs for each processor needing to update the states. 
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Figure 1. Example of a Petri net design 

In Figure . 1, horizontal bars represent the transitions and the ovals represent the ·states. In the transition arrays, we 
create.a bit mask connection of inputs and outputs into the state array to determine if each transition is enabled. Bit 
masks are used to optimize the size of the buffers along with the operations needed to be performed on the 
input/output. We implement four crucial functions in our serial implementation: 

• isTransitionEnabled - used to check all the input states of a transition and returns a true or false (if all the 
connections have tokens in them or not). 

• checkSubAdd - used to add all the enabled transitions to a queue before actually updating the states. This is 
due to the fact that states will probably be updated if we do this. 

• runSubAdd - this goes through the enabled transitions and updates all the input and output states to show 
their new value. 

• Fire - execute exactly one iteration of enabled trans_itions and displays the results 

PARALLEL ALGORITHM DESIGN 
In our parallel implementation of Petri net simulation we simply extended the logic gained from our serial 
implementation and rewrote it for multiprocessors. First we needed to replace ~e structures created in our basic 
design with arrays of simple primitives to be transferred through our communication lines in a multiprocessor 
environment. 

· • Data representation ·of the parallel version: 
• state_snapshot- an integer array that holds the number of tokens in each state. 
• Input and output arrays-two integer arrays that hold bit masks representing the connectivity 

(transition) between states. 
• Update array -integer array used to store the 'changes' in the number of tokens each state has. 

To briefly elaborate on the concept of a bit mask, it essentially takes a set of bits N long where N is the number of 
transitions, and since each bit is either connected or not connected, that status can be indicated by a 0 or a 1. For 
instance, 0101 indicates that the transition in question is connected to the second and fourth transitions. While it 
helps to think of it as a bit array, actually storing it is done with an integer. 

The actual process is somewhat similar to the serial version. Each process checks its assigned transitions, looks at 
the~ input states, and if it does not find an input state for a transition that does not have a token, the transition fires 
and the process adds a token to its output states. It does this add in the update array, however. Figure 2 shows a 
simple example of the update process. Consider that four processors are each dealing with one state .. Thus, in time ' 

20 



Proceedings of the 2007 IEMS Conference 

step one, only process O would perfonn a task; the remainder woul~ have nothing to do. Similarly, in time step 2, 
only process I would have something to do. This is a simple example. Notice that the update array changes, then 
the state array changes. · 

Initial Timestep 1 Timestep 2 

Update Update Before Update Update Before Update 

0 I 0 0 0 I -1 I 0 0 I I 0 I -1 0 

State State State 

1 I 0 0 0 I 1 I 0 0 0 I I 0 I 0 0 

Input 

1
0001 I 1000

1 
01 ool 001 o 

1 
Update After Update Update After Update 

0 I 0 0 0 I 0 . I 0 
I 0 I 0 

Output 

1
010010010 I 000 1110001 State State 

I 0 I 0 0 I 0 
I 

0 0 

Figure 2: Example of update Procedure 

Now that each process has updated its section of the update array, they have to be merged back together with 
MPI..:.Reduce, and the root process updates the state array, ensuring that no values can be negative. MPI_Reduce 
combines all the individual copies of the update array into a single copy, in effect adding all the values in the array 
together. Thus, you have a single array with the total number of additions/subtractions to each state. It is trivial 
from that point to go through the state_ snapshot at the root process, updating each state. It occurred· to us that we 
could further optimize this by doing an ALL_ Reduce, which gives a copy of the summarized update array to each 
processor, and having each process do the updates to the state array in parallel. This would be redundant; however, 
it would save us a communication as we would already have the updated state_ snapshot on each processor with no 
need to broadcast it back. There is some clebate whether or not this is worthwhile. 

Figure 3: Drawing of the petri net 
represented in Figure 2 
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PERFORMANCE ANALYSIS 
In order to provide the proper context for the following tables, we need to discuss the machines we used to test our 
implementation. · Sweetgum is a shared memory machine at MCSR while Mimosa is a distributed memory machine 
also located at MCSR. 

Table 1. Sweetgum Execution Times 

p pol (4x4) popg268 (7x9) 
I 

rp30x100 rp30x1000 

1 0.000000 0.010000 0.350000 3.650000 
2 0.110000 0.110000 0.590000 

► 

2.680000 
4 0.200000 0.270000 1.710000 2.160000 
8 0.650000 0.780000 1.070000 2.150000 

The table above shows that pn 1 has four states and four transitions and shows the number of seconds it took for 1, 2, 
4, and 8 processors to fire it 1000 times. Similarly, pnpg268 is a Petri_ ~et with severi states and nine transitions. For 
rp30x 100 and rp30x 1000 we arbitrarily assigned connections to the input and output of each transition. While the · 
resulting Petri nets are somewhat nonsensical, it is a valid way to do a performance test for large Petri Nets. We 
simply test ~e execution times of our Petri nets. 

Table 2. Mimosa Execution Times 

p pol (4x4) pnpg268 (7x9) rp30x100 rp30x1000 

1 0.000000 0.013000 0.420000 3.800000 
-2 0.120000 0.110000 0.620000 2.650000 
4 0.220000 0.280000 1.750000 2.090000 
8 0.700000 0.790000 1.010000 2.110000 

CONCLUSION 
Our tests have shown that Petri nets have to become significantly large enough to show a marked improvement. 
Extra processing power starts to outweigh the cost of communication at approximately 30 states and 1000 transitions 
as shown in Table 2. This is where processing times begin to decrease proportionally to the number of processors we 
supply to the program. 
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· NATIONALLY ORGANIZED DISTRIBUTED DAT ABASE SYSTEM 
FOR EVACUATION PLANNING MANAGEMENT 

Jeremy Kackley, Mike Johnson, Kuan Yang, Paulus Wahjudi, Jean Gourd and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
Properly planning and implementing an efficient evacuation plan within the 48 hours prior to hurricane landfall is extremely 
difficult. Numerous instances exist where inefficient usage of resources leads to waste of lives and resources . . We propose 
~ systen:i to track all pertinent resources, and assist plan composition and execution. 

INTRODUCTION 
Natural disasters are always a hard problem to deal with. In the region of the United States bordering the Gulf of Mexico, 
the form these primarily take is that of hurricanes. Unlike some disasters, hurricanes generally are known of well before 
they make landfall and cause damage and loss of life. The time frame is still pretty small, and their path can only be 
calculated with a good degree of certainty about two days~ on average, before ~ey actually make landfall. It is a difficult 
task to create and successfully realize an evacuation plan within this time frame. 

Evacuation and disaster management plans are absolutely necessary to the situation, but are difficult to make far in advance. 
There are· some aspects of ~he situatio~ such as shelters, that generally do not vary much, although they might move around 
depending on what area is expected to be hardest hit. On the other hand, there are other aspects that are extremely variable· 
such as the available resources and manpower. Other things change gradually over time, such as population density and 
di~tribution . . This information is all available, of course, but is not consolidated into a single source. 

Even ass~ing· that all the information is gathered correctly, it is not a simple task to compile this data into a cohesive 
whole and then create a plan from that compilation which optimally uses the available resources. Additionally, the 
execution of said plan is not an easy thing to coordinate; due to the nature of the impacted areas, such plans are always very 
large in scale. Our proposal is the creation of a system which incorporates a national-level distributed databse to assist in 
evacuation planning managment. This system will help with the planning phase, the execution phase, and minimally, with 
the recovery phase. 

Although we discuss the process in general above, there are several problem areas that we are directly addressing with this 
system. The first issue is the fact that resources are not always efficiently utilized, and in fact, sometimes they are 
underutiliz.ed or outright wasted. As an example, please refer to Figures I and 2 which are modem examples of resource-
wastage in the recent hurricane Katrina. ' 
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This wastage is indicative of a general lack of preparedness for a hurricane situation, in the best of situations. Fortunately, 
hurricanes of the magnitude and destructive power of Katrina do not come along every year. Every hurricane has the 
potential -to be a Katrina, and when dealing with human life, one cannot afford to play around. This type of underutilization 
is particularly disturbing when considering the number of people stranded in New Orleans post-Katrina. Indeed, it is 
unlcown how prevalent wastage such as this truly is due to the fact that in situations where there is not great loss of life and 
property, poorly executed evacuation plans do not draw much attention or critism. 

Figure 3: Hurricane Ivan's path. 

A portion of what contributes to this problem, as mentioned above, is the timeframe within which all this must take place. 
Resources must be listed and evaluated, a plan made and executed, all within 24 to 48 hours. To demonstrate this, Figure 3 
illustrates the timeframe that we are talking about, although this picture is for Hurricane Ivan. As can be seen in the figure, 
the path can still change greatly 3 days before, and one can only truly be sure of the path approximately 24 hours before 
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landfall. The 48 hour figure is perhaps a bit of an overestimate; however, planning should probably be taking place 48 
hours before landfall if it looks like there is a good probability of it hitting an area. This is why we decided on the 48 hour 
figure. 

Before we discuss the organization of our proposed solution, we should clearly state the goals of our system which are as 
follows: 

• · Maximize use. of available resources, whether they be local, state, or national assets 
• · Speed up the planning process so execution can become the focus 
• · Aid in the management of evacuation execution. 

We will discuss the organiz.ation of the database first. Secondly, we will discuss the data that the database will contain. 
Thirdly, we describe our plan for automating the planning process and assisting the execution of the plan. 

DATABASE ORGANIZATION 
lil order to address these goals, we provide a system that is partioned into three levels. The three levels of our system are 
the local level, the intermediate level, and the national level. The local level is• the simplest level, and can be thought of as 
based upon individual counties/parishes or cities. There is some ambiguity inherently because there are resources available 
to aid in evacuation which are available under one or the other of these classifications but that might not be available under 
the other. This also, initially, may seem to introduce a bit of confusion to the situation. This,_however, is not the case, as 
the availability of resources~ our proposed situation is based upon geographical proximity. That is to say, for example, if 
the city ofNew Orleans has insufficent resources to handle an evacuation, it will look for additional resources which are co
optable and within. a certain geographical proximity to New Orleans. This proximity is defined inside the intermediate area, 
which makes sense to think about in terms of states; however, as before, the emphasis remains on proximity. The final level 
is the national level, in which resources are sought' on a national scale. Updates to the system will be handled strictly on a 
local basis. Each local entity will be responsible for maintaining· its own database, and at the higher levels, only access will 
take place not data entry. Figure 4 illustrates the structure of the proposed distributed database. User access would be via 
the web, although it could of course be ported onto portable devices for field usage/data entry. 

User Access 

Local Data Entry 

Figure 4. Database Organization 
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WHAT DATA SHOULD BE INCLUDED? 
Now that we have defined the structure of our database, we must define the data that it will hold and the locations in the real 
world from wt,.ich that data can be obtained. The data that we consider relevant to the evacuation planning process is as 

follows: 

• Location and number of public/private servants to carry out the evacuation operation 
• Location and number of dependents within target area 
• Location and number of available public transit 
• Location and capacity of available shelters 
• Location of predefined pick-up points 
• Road and traffic data for the entire problem area · 

Public/private servants include persons such as police, firemen, public transit drivers, national guard, volunteers, and 
perhaps even school bus drivers. Additionally, private organiz.ations where drivers can be contracted to bolster an 
inadequate public force are included. This data is fairly easy to locate and already exists in some form. For the second 
group of data, we define .a dependent as a person who lacks a means of leaving on their own. They would include people . 
such as the elderly, prisoners, or in an urban setting, those who.simply lack a personal vehicle. This data can be found in 
tax registers, by contacting retirement communities, or by a city wide census. The data about prisoners will be available at 
the prison. 

The types of available public transit include such things as school and public buses, trains, coast guard vehicles, and 
possibly local military transits. The location of the data for these various vehicles is available from the various 
organizations that control them; for example, the city knows about its school buses. Anyone who has lived in a hurricane 
affected area is familiar with the types of buildings used as shelters such as churches, stadiums, and schools. Predefined 
pick-up points must be within walking distance of all residential areas, and cities probably have these pre-established. 
Traffic and road data already exists and is available from a variety of third parties such as GPS navigation systems, Internet 
services s_uch as MapQuest, and each state's Department of Transportation. 

AUTOMATED PLANNING AND AIDED EXECUTION 
Now that we have identified the data, we need to use. it in order to create and manage a plan. The data discussed above 
consits of three parts: category, location, and number. This format is convenient for the operation of computer algorithms. 
First, we have to take a look at the numbers involved in _order to observe if the scale is something that can be handled 
.locally. For example, if we estimate that there are 5,000 people in the area and we have a transit capacity of 6,000, we can 
handle the problem locally. Conversly, ifwe have to evacuate 10,000 people and only have a capacity of6,000, the first 
step is to check the intermediate level for available resources. If there are insufficent resources at the intermediate level, 
then it moves to the national level. This process serves to very quickly tell local leaders that they need to call for help and 
how far they need to go for help. 

The second step in the planning process is one of assigning drivers to transports. This can be represented as a bipartite 
matching problem with potential drivers being matched with available transit vehicles. Higher preferences are given to 
vehicles closer to the driver. This actually leads to one of the bigger bottlenecks we see with the evacuation execution 
process: contacting the drivers and informing them of what they need to drive. Additionally, each driver must be 
confirmed. This problem can be minimized if the system assists in the process of calling drivers. Essentially, as each driver 
is confirmed, this state is marked in the system and matching is updated. This would allow large groups of people to 
efficiently work at contacting all the drivers without interfering with each other. · 

Once all drivers have been confirmed, the next step is organizing the pick-up of evacuees. The drivers and the transits have 
been confirmed and, additionally, we assume the shelters have been confirmed. Thus, three pieces of data exist and will 
remain static and we must match these to each other optimally. 
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The pre..-defined pick-up points that should be defined by the city prior to any event such as this, as they will not change, 
must also exist. By comparing the number of dependents located near each pick-up location, the number of people that will 
show up can be estimated to a reasonable degree of accuracy, and these will be exagerrated for safety because it is 
preferable to have a slightlyunderful bus than not enough buses at a particular pick-up point. Personnel should be deployed 
at these locations to maintain order, and they can serve a dual purpose of updating the system with better indications of the 

Figure 5: Possible pick-up points for New Orleans 

actual attendance to further improve these values. Figure 5 shows some hypothetical pick-up points for New Orleans .. 

There are a few things that must be kept in mind when matching the transit vehicles to pick-up points. First, the capacity of 
each transit vehicle should be used as optimally as possible; it should be almost full. The travel time and gas consumption 
should also be minimized due to the fact that time spent driving around the city could be better spent in transit to a shelter. 
Each pick-up location's population should be exhausted; no one should be left behind. Each shelter has a finite capacity, 
and thus overloading one should be avoided. 

CONCLUSION AND FUTURE WORK 
This system shows great potential for increasing the optimal use of resources and streamlining the planning/execution 
phases of evacuation. Unfortunately, this scheme provides no support for post-disaster planning or non hurricane disasters. 
This should be addressed in later research. Additionally, further refinement and investigating of the algorithms involved in 
the matching is required. Lastly, the user interface needs to be addressed.. · 
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APPLYING FUZZY LOGIC TO THE MODELING AND PREDICTION OF THE 
EFFECT OF GWBAL POLLUTION ON THE GULF COAST 

Paul11$ Wahjudi, Jean Gourd, Jeremy Kackley and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
We propose the development of a modeling and prediction system that gathers information on global 1>9llution, 
tracks its distribution across the world and analyzes its effects to public health within the Gulf Coast utilizing 
intelligent agents to gather global data pertinent to air pollution from different sources. 

INTRODUCTION 
Earth is a complex, dynamic system that we do not yet fully understand; it is comprised of div~rse components that 
interact in complex ways. The purpose of NASA's Earth science program is to develop a scientific understanding· of 
Earth as a single system. The deployment of NASA's Earth Observing System will provide advance and 
comprehensive information to characterize, understand, and predict variability and trends in Earth's system. 

Aerosols are small particles suspended in the atmosphere. They have natural sources such as desert dust, sea salt, 
volcanic eruptions, and. smoke· from forest fires. They are also produced from the burning of coal, oil, and other 

· fossil fuels; manufacturing chemicals; and driving cars and trucks. When aerosol concentratio~ become high 
enough, they can pose serious health risks, especially to individuals with asthma and other respiratory problems. 
Airborne aerosols can also transport fungal and viral microbial pathogens, which can le~ to disease outbreaks in 
other parts of the world. Aerosols can affect weather and climate. They have complex properties. Depending upon 
their shape, size and composition they can reflect sunlight back to space and cool the atmosphere; they can also 

· absorb sunlight and warm the atmosphere. Aerosols can even change the lifetime of clouds, how much rainfall can 
-occur, and how they reflect sunlight. They can further enable chemical reactions to occur on their surface and 
influence the composition of the atmosphere. Measurements from satellites and ground stations show that many 
aerosols remain in the environment for long periods and can be carried by the winds hundreds of miles from their 
origin. The air we breathe is strongly affected by other countries' stewardship of the atmosphere--and vice versa. 
One recent weather phenomenon is the yellow snowfall observed in South Korea. This peculiar snowfall was caused 
by a high_ concentration of dust particles which originated in China. The yellow snow poses a significant health 
hazard due to its high concentration of poilutants. The Korean weather bureau issued a warning to its citizens, but 
such a problem can be further investigated in order to determine a more effective method to model and predict the 
occurrence of weather phenomena that are deemed dangerous. 

As of 2006, pollutants in the air have caused approximately two million deaths mainly near large urban areas [3]. 
This staggering number plays an enormous role in nations urging cities to adopt stronger air pollution standards. By 
reducing particulates in the atmosphere we can limit the amount of respiratory infections, heart disease, and lung 
cancer incidences plaguing cities today. By finding the causes and sequestering the pollutants, we can target the 
problem and significantly reduce overall health problems throughout the world. Pokrovsky, Kwok, and Ng, in [10], 
developed an alternative approach to conventional dynamic and photochemical models for short-term urban air 
pollutant forecasting. They developed a fuzzy logic based method to study the impact of meteorological factors on 
air pollution levels and to quantitatively describe them. 

There·is a need for a system that can gather information on global pollution, how it is distributed across the_ world 
and how it affects the air pollution within specific regions in the U.S. both in the short and long term. This system 
will aid federal and state governments in managing pollution in their area in general and governing laws regarding 
specific air pollutants. In the Gulf Coast area, which is predominantly an industrial as well as tourism region, in 
order to ensure that there is a balance between the introduction of pollutants in the air with the tolerated concentr
~tion of these pollutants, we need a system that can accurately determine the origins of the different airborne 
pollutants. A stricter pollution law in the Gulf Coast region may have no effect in decreasing air pollution if the 
main source of pollution is introduced by factories from the Southwest such as in Texas. 
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TECHNICAL APPROACH 
We propose to model global air pollution and study its effect on the Gulf Coast region. This will optimistically lead 
to an understanding of how the pattern and trend will impact the Gulf Coast area in the future. The objective is the 
ability to focus on a particular area of interest and observe the origin, flow, path and concentration of air pollution 
within that area. With better knowledge of how air pollution is being distributed globally, we can determine proper 
management techniques required for better air quality in order to provide cleaner air. 

However, there are uncertainties involving what percentage of air pollutants within a specific region comes from 
different areas. To bridge the disparate data sets and scientific tools into a homogeneous, intuitive network system, a 
fuzzy logic/intelligent agent web services solution is proposed as the primary implementation paradigm. We propose 
the use of fuzzy logic to track the distribution of the pollutants around the world and to monitor it as it disperses and 
converges with other pollutants from different locations before arriving at the area of interest. 

The global impact of pollutants on the Earth is a steadily rising problem but by identifying and reducing global 
aerosol emissions we can improve global health. By calculating and targeting large clusters of harmful carbon 
dioxide (CO2) and carbon monoxide (CO) we can reduce ground level oz.one. Local pollutants are not solely 
produced by nearby sources of emission; pollutants are globally emitted across the world and affect all locations. By 
tra9king the natural flow of air, •we can ascertain the most significant causes of pollution in a local region. 
Fuzzifying the data yields an approximate percentage of the amount of pollutants from any particular emission 
source. This information will aid the Center for Disease Control and Prevention (CDC), the National Institutes of 
Health (NIH), and the EPA so they can further refine their pollutant emission laws and regulations more efficiently. 

The primary focus of environmental control is to maintain a certain concentration level of air pollutants while 
keeping strict restrictions on the level of emissions produced by industrial plants. The earth's air quality should 
always be carefully monitored so as to keep severe airborne pollutants at a minimum in order to maintain good 
public health. The National Ambient Air Quality Standards (NAAQS) defines the acceptable level of concentration 
for six principal air pollutants: oz.one, particulate matter, carbon monoxide, nitrogen oxides, sulfur dioxide and lead 
in relation to public health and public welfare. Currently, air quality management in general is managed by state 
governments due to variations between the geographical settings of each state. However, some states suffer 
significant effects due to the air quality of neighboring states; often, the concentration of air pollutants that they 
introduce is considerable. In order for government officials to provide an accurate projection of the level of air 
quality and the level of public health in th~ir particular area of interest, they must take into consideration the origins 
of the air pollutants. An accurate representation of air pollutants and their origins will improve the analysis and 
encourage the preventative measures needed to ensure a specific level of air quality and public health. Additionally, 
on a global scale many health-related issues regarding air pollutants are affected between separate countries. 
Developing countries with lax air pollution laws can introduce a high concentration of dangerous pollutants into 
neighboring countries. As the concentration of air pollutants rises, the health of the general public will continue to 
deteriorate until effective measures are taken in handling such pollutants. · 

The work for this proposal will consist of the following key components: 

1) Identification and charac~riz.ation of the relevant NASA divisions, contractors, and associated researchers, 
and computational facilities currently utilized by NASA and its contractors, as well as an appropriate subset 
of research capabilities for targeted implementation 

2) Creation of the Fuzzy Logic/Intelligent Agent Web Services (FLAWS) framework with GUI support 
3) Integration of the NASA satellite data sources into the FLAWS framework 
4) Development of a component library for project support to evaluate the contribution of the research 

capabilities to decision support/operational systems 
5) Development of a toolset for quantitative performance characterization 
6) Implementation and testing of initial system capabilities 
7) Refinement and final system deployment 
8) Development of procedures for maintaining the system 

Because a critical component of this problem is the bridging of disparate data sets and scientific tools into a 
homogeneous, intuitive network system, a fuzzy logic/intelligent agent web services solution is proposed as the 
primary implementation paradigm. Fuzzy logic is often employed when there are many uncertainties in a particular 
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problem domain; it is specifically designed for situations where information is inexact or lacking; it allows for 
varying degrees between absolutes. For a thorough discussion on the topic of fuzzy logic, see [13]. Intelligent 
agents ( often referred to as information agents or software agents) are specialized software which acts on behalf of a 
user. Autonomously, they are capable of performing many functions without user intervention or control. Williams 
in [14] further discusses the topic. Web services are Web-based applications that interact with other applications in 
a distributed (and often grid) computing environment. They use Extensible Markup Language (XML) as a . 
standardized messaging system and the Simple Object Access Protocol (SOAP) as the transport mechanism over the 
common Hyper Text Transfer Protocol (HTTP) [l ]. 

Data Sources 
The Information Gathering Module (IGM) incorporates the use of Information Gatherers (IGs) which, in turn, utilize 
Information Gathering Agents (IGAs ). These intelligent software agents can combine both mobile and non-mobile 
technologies. The primary objective of the IGAs is to gather data from selected NASA satellites such as CALIPSO, 
CloudSat, OCO (in the future), Glory, Aura, SORCE, ACRIMSAT, and TOMS-EP. The IGs ~en fuse this gathered 
data and wrap it in a format common to the framework. In addition to NASA satellites, other sources will be · 
considered such as the Geostationary Operational Environmental Satellite (GOES) ·weather satellites and various 
other subject-related data such as NOAA weather feeds~ 

Figure f. The Afternoon Train satellite constellation 

· The Afternoon or "A-Train" satellite constellation shown in Figure 1 presently consists of three satellites flying in 
formation around the globe (NASA's Aqua and Aura satellites arid CNES' PARASOL satellite). The CALIPSO and 
CloudSat satellite missions were inserted in orbit behind Aqua in April 2006. A sixth spacecraft, OCO, is planned. 
for launch in 2008 and will be placed ahead of Aqua. Each satellite within the A-Train has unique measurement 
capabilities that greatly complement each other. For the first time, near simultaneous measureinents of aerosols, 
clouds, temperature, relative humidity, and radiative fluxes (the change of radiation in a layer) will be obtained over 
the glo~ during all seasons. This ensemble of observations will allow one to understand how large scale aerosol and 
cloud properties change in response to changing environmental conditions. It will further allow one to determine 
how changing cloud and aerosol distributions influence our climate with greater clarity than possible before. For 
much of its life, the A-Train will be maintained in orbit within 15 minutes of the leading and trailing spacecraft 
while traveling at over 15,000 miles per hour. CloudSat and CALIPSO will be controlled to an even finer 
requirement, within 15 seconds of each other, so that both instrument suites will view the same cloud area at nearly 
the same moment. This capability is crucial for studying clouds which have lifetimes often less than 15 minutes. 

The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO) satellite will provide new 
insights into the role that clouds and atmospheric aerosols (airborne particles) play in regulating Earth's weather; 
climate, and air quality. CALIPSO combines an active lidar instrument with passive infrared and visible im~ers to 

32 



Proceedings of the 2007 IEMS Conference 

probe the vertical structure and properties of thin clouds and aerosols over the globe. CloudSat was selected as a 
NASA Earth System Science Pathfinder satellite mission in 1999 to provide observations necessary to advance our 
understanding of cloud abundance, distribution, structure, and radioactive properties. CloudSat will fly the first 
satellite-based millimeter-wavelength cloud radar-a radar that is more than 1,000 times more sensitive than 
existing weather radars. Unlike ground-based weather radars that use centimeter wavelengths to detect raindrop
sized particles, the CloudSat radar will allow us to detect the much smaller particles of liquid water and ice that 
constitute the large cloud masses that affect our weather. The Orbiting Carbon Observatory (OCO}will provide 
space-based observations of atmospheric carbon dioxide (CO2), the principal anthropogenic driver of climate 
change. This mission will use mature technologies to address NASA's highest priority carbon cycle measurement 
requirement. OCO generates the knowledge needed to improve projections of future atmospheric CO2. The purpose 
of the Active Cavity Radiometer lrradiance Monitor III (ACRIM III} instrument is to study total solar lrradiance 
from the Sun. The ACRIM III package is flying on a spacecraft called ACRIMSAT. ACRIMSAT data will be 
correlated with possible global warming data, ice cap shrinkage data, and ozone layer depletion data. The Aura 
satellite hosts a suite of scientific instruments designed to take the most comprehensive measurements ever 
undertaken of atmospheric trace gases. Aura's objective is to study the chemistry and dynamics of the Earth's 
~tmosphere with emphasis on the upper troposphere and lower stratosphere (0-30km) by employing multiple 
instruments on a single satellite. The satellite's measurements enable scientists to investigate questions about ozone 
trends, air quality changes and ~eir linkages to climate change. These observations provide accurate data for 

· predictive models aQd provide useful information for local and national government agencies. The Total Ozone 
Mapping Spectrometer, launched in July l996 onboard an Earth Probe Satellite {TOMS/EP), continues NASA's 
long-term daily mapping of the global-distribution of the Earth's atmospheric ozone. TOMS/EP measures ozone 
indirectly by mapping ultraviolet light emitted by the Sun to that scattered from the Earth's atmosphere back to the 
~~ . 

The Architecture 
The system architecture, shown in Figure 2, will consist of a web services based distributed system comprised of a 
controller, fuzzy logic module {FLM), information storage module (ISM), and information gathering module (IGM). 
Support for a wide variety of graphical user interfaces (GUI) will be provided. In general, this is a data fusion, 
fuzzy logic architecture. 

All but the GUI provide a web services interface for distributed architecture support. With the WS-Security 
enhancements (see [71), web services can be very secure and support message integrity, message confidentiality, and 
message authentication. Hondo et al., in [5], further discuss the security of web services. 

The controller is responsible for brokering all communications and transactions among the other components within 
the framework. It is the sole component with knowledge. of the location of the other components. The controller 
ensures that the end user receives an analysis according to the model constraints and, furthermore, ensures stable 
operation of the overall framework. 

The FLM receives, as input, formatted data delivered by the IGM. It produces its output utilizing a set of rules 
specific to the problem domain, essentially fusing the complete set of input data. This output can be presented to the 
end user in an intuitive manner, allowing for a complete "drill-down" identifying the rationale behind a specific 
analysis. · 

The ISM is responsible for storing scenario-specific metadata, geospatial relevant data, intermediate data, and 
response data. The flexibility of the framework guarantees that any scenario can be presented to the framework 
providing that such a scenario has been defined. Furthermore, it stores formatted data that has been gathered by the 
IGM and processed data that has been produced by the FLM. The ISM may also be used as a sensor database in the 
case of event driven sensors. 
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IGM 
Figure 2. System Architecture and Interfaces 

FUTURE WORK 
The idea of abstracting mobile intelligent agents such that, at the lowest level, a single agent is an expert on a very 

· specific type of data and, at the highest.level, it is more general in its knowledge has been proposed in (12]. This 
forms the basis for our multi-agent system (MAS) beginning at the JG level. 

Confidence in data and data sources will undoubtedly play a part in the resulting analysis calculated by the 
framework. A future direction directly involves fully defining and quantifying this confidence for inclusion in the 
overall analysis. A suggestion has been made to reuse the fuzzy logic engine to generate an analysis of the 
confidence of a particular data source (and its data). This confidence is then used as an additional piece of data in 
the overall analysis as directed by.the scope of problem (in our case, global air pollution). This is introduced in (16]. 

A reconfigurable fuzzy logic engine capable of handling a large set of problem domains, including its reuse in the 
quantification of data source confidence as observed by the intelligent agents, offers flexibility. Although clearly 
defined for the problem of global air pollution, it can be seen that any similar analysis problem can be tasked of the 
framework given that a set of rules has been defined for this problem and d~signed for use by the fuzzy l~gic engine. 

A similar framework has been implemented in a joint project with the Department of Defen_se and has initially 
provided positive results. Abstracting intelligent agents has proven to be very scalable and offers potential in the 
numerous heterogeneous data sources required for analyzing the global effects of air pollution. 
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AUTOMATION PROTOCOL IMPLEMENTATION USING A 
FIELD PROGRAMMABLE GATE ARRAY 

Khaled El-Sawi 
University of Southern Mississippi 

ABSTRACT 
X-10 is a standard protocol for communication over existing power-lines. Although the protocol w~ established 
over 25 years ago, the transmission performance of the protocol remains extremely slow in relation to other 
communication protocols that exist today. This slow transmission speed might be suitable to simple control packets 
sent across the X-10 network, but current and future communication demands require faster means for transferring 
data across the network. The goal of this research is to examine the X-10 protocol to identify limitations and 
bottlenecks that could be improved upon. A prototype implementation of the protocol is designed and built to test 
the feasibility of expanding and improving the protocol to make it more adequate for applications that require faster 
data transmissions. · -

INTRODUCTION 
Several pr~tocols exist today for the transmission of code signals for automation and control purposes. The X-10 
protocol has been the standard for ·Power Line Carrier (P.L.C.) transmission since its introduction in 1978. The 
protocol was first introduced to support the Sears Home Control System. Soon after, X-10 evolved into~ open, 
yet-patented standard for which many OEM devel9pers offer an assortment of products and modules. 

Although the X-10 standard has been in existence in excess of25 years, the protocol transmission performance is 
significantly slow compared to other wire-based or wireless protocols available on the market today. The slow 
performance is partly attributed to the fact that the X-10 signal is not transmitted on the wire on constant basis; on 
the contrary, transmission takes place over very short time intervals when the conditions are suitable for 
transmission to take place. 

The slow transmission speed of X-10 has been suitable over the years for the types of implementations of the 
protocol where the data packets being propagated across the network were small and no apparent need was present 
to enlarge the data packets or to speed up the system in general. Such control packets where geared towards control 
of remote devices through the transmission of specific control signals. Such signals where used to control various 
types of devices connected to the local X ~ l O network. The following is a list of some of the devites that could be 
controlled by X-10 commands: · 

□ Heater Relay Control 
□ HY AC Control 
□ Wall Receptacles 
□ RF Receivers 
□ · Dimmer Relays 
□ In-Line Dimmers & Relay Modules 
□ Computer-Based Controllers 
□ · Dry-contact Sensors 

Although the current protocol implementation is suitable for the mentioned types of control. Future ~smission 
demands will require much faster and more reliable transmission. Current mainstream applications require 
significant enhancement to the protocol design to accommodate more advanced functionality. The following are 
some potential utiliz.ations of the faster and more reliable transmission capabilities: 

□ Real-time audio streaming 
□ Real-time video ·streaming 
□ Internet over power lines 

The purpose of this research project is to explore the limitations of the X-10 protocol and propose enhancements to 
the transmission process that should produce significant improvements in relation to the performance ofdata 

36 



Proceedings of the 2007 IEMS Conference 

propagation across the X-10 network. Furthermore, the paper will discuss the implementation guidelines for 
embedding the protocol specification in a Field Programmable Gate Array (FPGA) as an efficient and economical 
way for developing the protocol building blocks to be part of the production of larger control systems. 

PROTOCOL SPECIFICATIONS 
The X-1 O protocol uses the existing power-lines in any building as network channels for transmitting command 
signals to different types of devices. In order to achieve such functionality, X-10 communication packets are send in 
a synchronous manner with the zero crossmg point of the AC power line. As the power wave transitions from 
positive to negative, it passes through the zero point creating a very small window where transmission of data is 
feasible. 

In order for successful data transmission to be achieved, the packets bits have to be transmitted as close to the zero 
crossing point as possible. The window for sending data lasts for 200 microseconds after the zero crossing point has 
been passed. A 120 KHz pulse is used to transmit binary bits once the transmission window opens. A binary 1 is 
represented by a burst of 120 KHz wave for 1 millisecond. A binary O is represented by the absence of the 
mentioned wave. 

XlO transmitters communicate with receiving modules by sending special codes that translate to special commands 
· to be executed by the receivers: In order for a complete packet to be transmitted, eleven cycles of the power line are 

used. The first two cycles are used to represent the Start code. The following four cycles are used to represent the 
House Code. The final 5 cycles are us~d to either represent a Number Code or a Function Code. Function codes are 
usually utilized to transmit special device commands, like On or Off commands for example. The complete 
communication packet has to be transmitted twice one after the other with three power line cycles. in between to 
successfully convey the desired message to the receiver. Bright and Dim packets are exceptions to this rule and 
should be transmitted without the three-cycle gap. This strategy is used for verification and should be followed for 
all packet transmissions. 

The following table shows the required cycles for transmitting a Number Packet: 

Section Cycles 
Start Code 2 
House Code 4 
Number Code 5 
Start Code 2 
House Code 4 
Number Code 5 

Total 22 

Figure 1. Required power cycles for transmitting a Number Packet. 

A very similar strategy is used to transmit Function ~ackets. The only difference is that the Function code is 
transmitted in place of the Number.code. The following table shows the required cycles for transmitting a Function 
Packet: 

Section Cycles 
Start Code 2 
House Code 4 
Function Code 5 
Start Code 2 
House Code 4 
Function Code 5 

Total 22 
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Figure 2. Required power cycles for transmitting a Function Packet. 

The House codes, Number codes and Function codes must be transmitted using alternate half cycles of the power 
line in true and complement fonn. This means tat if a binary 1 is transmitted using a 1 millisecond burst of signal, 
then no signal should be transmitted on the next half cycle. 

The following figure illustrates the complement form method for transmitting Number and Function codes. As 
shown in the diagram, the Start Code is transmitted directly by sending one bit at each zero crossing point without 
sending the complement of the bit at the following zero crossing. However, when transmitting the ~ _ouse Code,· 
Number Code or Function Code, the complement form is used. 
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Figure 3~ Packet transmission using the True and_Complenient Form [4]. 

The following table lists the different codes to be transmitted across the X-10 network for communication with 
different devices. The list offers a comprehensive method for referencing any of the enabled devices on the network 
as well as for sending different types of commands in order to control those devices. 
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Figure 4. Binary codes to be transmitted for each House Code and Key Code [5]. 

PROTOCOL LIMITATIONS 
The main limitation of the X-10 protocol lies in its slow transmission speed. It takes 11 cycles to send a 9-bit packet 
(effective content) to a re~iving device. This would translate to a 49 bits/second transmission speed. Although 
such speed might be adequate for small control commands, it clearly does not meet the transmission demands of 
more advanced applications. In order to make improvements to the protocol to increase the speed of the data 
channel, we need to first analyze the technology being utilized to try and. identify system bottlenecks that could be 
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removed. We can also try to find parts of the system that could be improved through the utilization of newer 
technologjes. 

Transmission Window 
The first limitation of the protocol revolves around the existence of a very small transmission window through 
which data can be sent or received on the communication channel. The current protocol specifications state that 
transmission has to be synchronized with ~he zero-crossing point. Once the zero point is detected, transmission can 
last for a maximum of200 microseconds. Since a 60Hz power cycle crosses the zero-point 120 times per second, 
the maximum transmission window is 24 millisecond out of each second or 2.4%. 

Increasing the transmission window will significantly improve the transmission speed and allow for more advanced 
control of the devices connected to the network. One strategy for expanding the window through which 
transmission can take place would be to send data bits before and after the zero crossing point instead of just after. 
In order to achieve this task, the zero crossing point has to be accurately predicted to determine the correct moment 
to start transmission. It would be essential to measure the consistency of the power wave to assess the feasibility of 
predicting when the wave crosses the zero point. Given the feasibility for predicting the current transitions, the 
transmission window size could be increased by a factor of two by starting data transmission 200 microseconds 
before the zero crossing point ~d ending transmission 200 microseconds after. 

Data Channel Noise 
The second limitation of the X-10 protocol is due to the significant amount of noise that exists on the power line. 
This is due to the fact that the same line is being shared for tens of other devices that extract power from the line. 
Those same devices are continuously connected to the line, and as the zero-crossing point is reached, some devices 
release a noise signal on the line that could interfere with the protocol signal being transmitted. In order to counter 
the effects of noise producing devices, dynamic line sensing can be used to evaluate the condition of the line and 
algorithmically adjust the signal level being transmitted to overcome the effects of the noise. In addition, isolation 
transformers can be used to try and minimize the noise levels on the line. Trying to isolate noise produced by all 
devices connected to the power network might not be feasible. Signal analysis would determine the levels of noise 
that might be acceptable while not disrupting signal transmissions. Devices producing higher levels ·ofnoise could 
be isolated from the line using isolating transformers. 

The following is a list of devices that might interfere with the X-10 signal: 

□ Televisions 
□ Computers 
□ Ozone/Air ionizers and filters . 
□ AudioNideo components 
□ Surge-protection devices 

Signal Structure 
Due to the possible levels of noise on the line, X-10 utilizes a special signal structure to guarantee delivery of data. 
One of the methods used to guarantee correct delivery is to elongate the signal length (120 KHz pulse) to ensure it 
will be detected on the receiving end. The second metho~ involves sending certain parts of each data packet twice. 
This allows for an added level of,fault detection as if the two transmissions do not match, this would means that one 
or more of the bits were flipped during transmission. The methods used to guarantee delivery of X-10 data have 
been a successful part of the protocol since its inception. However, they impose a substantial amount of overhead 
on the transmission system. A considerable amount of time is used to overcome the noise levels on the line. If the 
level of noise is reduced, this would allow for the redesign of the fault tolerant methodology to save precious 
transmission time. 

FPGA IMPLEMENTATION 
Implementing an X-10 transmitter on a Field Programmable Gate Array{FPGA) is an effective way for testing the 
different enhancement techniques proposed. FPGAs are becoming more and more commonplace in the 
development of devices that incorporate different levels of embedded processing. The cost of FPGA development is 
also dropping as more development products are appearing on the market. 
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The product used for the X-1 0 prototype is the Xilinx Spartan III chip. The hardware is designed using Verilog 
HDL and then downloaded onto the chip. A modular approach is used to accomplish the main circuit design. The 
initial prototype will consist of two chips connected to the power-line at two separate locations. An interface will be 
utilized to connect the chip to the power-line in a safe manner. The initial step in the project is to implement an X-
10 communicator that transmits a control signal to a remote receiver. The following step would be to apply the 
protocol enhancements by using two devices connected to the line. The followi,ng list introduces the different 
modules utilized in the overall design of the communication device. 

□ Strobe Module 
o Produces a 120 KHz pulse output. The pulse is used to represent the bits with the data packet. 

□ Trigger Module 
o Asserts an output signal for a duration of I millisecond. The output signal controls the transmission of 

the signal pulse if a one bit is to be transmitted. 

□ Control Module 
o Detects the zero-crossing point and uses the other modules to transfer the appropriate packet structure. 

□. Communication Module 
o Uses the .RS232' proto~ol to communicate with a personal computer for debugging purposes. 

Power-line Interface 
In order to safely connect the FPGA to the power signal, a power-line interface is used which isolates the power 
signal from the board yet allows for the transmission of the desired signals in a safe manner. In addition the 
interface includes mechanisms for detecting the zero-point crossing and conveys this to the board by asserting a 
signal on the zero crossing output wire. The power-line interface chosen is the PL513 X-10 produced by 
PowerHouse Inc. Figure 5 shows the wiring diagram that is used to acquire the signal from the power-line interface, 

. so it can be used by the FPGA. 
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Figu.re S. X-10 PL513 Power-Line Interface wiring diagram. 

Once the shown circuit is built, the FPGA can easily be connected to the power source without any safety concerns 
in reference to power surges affecting the board. The power-line interface offers complete isolation by providing a 
level of abstraction of the power signal and providing two signal lines for communication. The board exposes an 

· output zero-crossing signal line and an input transmission line. Once the FPGA detects the zero-point crossing, then 
the login on the board will determine the data to send and the duration for which to send it. 
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Modular Structure 
The different modules within the FPGA are connected together to form the processing logic needed to successfully 
achieve X~ IO transmission. The initial prototype is built to receive signals from the personal computer, then 
translate them the appropriate signal structure to be sent over the power-line. Verilog HDL is an essential tool for 
the design and implementation of the logic units on the board. It allows for describing the design of each module as 
a separate entity that accepts input and output lines. Also, a higher-level structure can be put in place to connect the 
different modules to achieve the desired overall functionality. The following diagram (Figure 6) illustrates the 
connectivity between the different modules on the board. 

Personal 
Computer 

RS-232 
Serial 

Intemce 

PL513 
Power-La 

Inter&ce 

Comrol 
Module 

Trigger 
Module 

Strobe 
Module 

Figure 6. Modular diagram illustrating FPGA connectivity scheme. 

IMPLEMENTATION GOALS 
The main implementation goals of the project is to first implement the full X-10 protocol using FPGA technology. 
Once the prototype is complete, the next step would_ be to include all the functionality of protocol within the FPGA. 
This would allow for using the FPGA as a higher-level building block to develop higher-level systems that utilize 
the protocol. FPGA technology allows for embedding complex processing levels into a single cost effective chip 
that can be part of the design of larger systems. 

Once the protocol implementation is complete, the work to apply the various protocol improvement schemes will 
begin. A dual FPGA system will be designed and built to .communicate over the power-line to test the feasibility 
and functionality of each improvement prowsed. 

CONCLUSION 
The X-10 protocol has been established over 25 years as the standard_protocol for home automation and for signal 
transmission · over power-lines. The slow transmission speed associated with the protocol prohibits the utilization of 
the transmission methods for more demanding comm~ication applications, like video and audio streaming for 
example. This paper examined some of the limitations of X-10 and offered recommendations for improving the 
transmission bandwidth. An FPGA implementation was also proposed as means for creating a testing environment 
for examining the various enhancement techniques proposed. 
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CONVEX POLYHEDRON COLLISION DETECTION AND RESOLUTION 
UTILIZING OBJECT APPROXIMATION 

Anthony Mason and Khaled El-Sawi 
University of Southern Mississippi 

ABSTRACT 
With the wide spread use of simulation and graphical visualization through the medical, scientific, robotic, and 
entertainment industries, the need for more advanced collision detection and resolution methodologies for object 
interactivity is needed. This paper provides a general overview for .the most popular and current methods of object · • 
boundary approximations as well as detecting and resolving object interference. A brief overview of image based 
detection utilizing the graphic pipeline will also be provided. Additionally, this paper will provide an overview and 
implementation of the Separating Axis Theorem as a method for detecting convex polyhedral interference. 

INTRODUCTION 
Collision detection is a key and crucial component in dynamic and interactive virtual environments. In order to 
reach higher levels of realism in visualization applications containing objects exhibiting dynamic behavior, object 

· interference has to be determined and accounted for in an efficient manner. Many types of applications exist today 
that rely heavily on ·collision detection in order to produce the desired results. A few of such cJ.pplications include: 

□ Rigid-body Dynamics 
□ Virtual Reality Environments 
□ Scientific Visualizations 
□ Architectural Navigation 
□ Robotics 
□ 3D Games and Animations 

· Collision detection is one of the most computationally expensive processes involved in the creation of dynamic 
environments. Each object within the environment has to be checked against all other objects to determine if any of 
the objects occupy the same space at a given point ii) time. The complexity of the collision detection process is 
directly proportionate to the complexity of the scene being visualized. The ultimate goal of any visualization 
application is to optimize the collision detection subsystem allowing for accurate real-time environment simulation. 

An effective method for achieving real-time collision detection is the approximation of system objects utilizing 
primitive objects for which detection can be performed rapidly [8]. Such an approach increases system response 
time, yet at the expense of the collision accuracy. Dep~nding on the application being developed, such an approxim-
ation might or might not be acceptable. A more computationally expensive object representation method would rely 
on representing the object using a polygonal mesh that allows for a much closer object approximation [4]. Although 
the use of polygonal meshes can produce a more accurate collision detection system, the implementation of such a 
system can significantly reduce the overall system response time. A type of polygonal mesh frequently used for 
object approximation is a convex polygonal mesh. A convex polygonal mesh, or polyhedron, is a structure that 
contains no holes or indentions. If a line segment is constructed between any two points on the boundaries of a 
convex polyhedron, then every point on the line segment ts part of the object. · 

This paper discusses several approximation techniques for the accurate representation of system objects increasing 
the collision detection accuracy. In addition, the paper presents an implementation of the Separating Axis Theorem 
for fast interference detection and resolution. Furthermore, this paper will also discuss the theory behind image 
based collision detection (IBCD), in contrast to the object based collision detection (OBCD) methodologies 
primarily presented. The paper also discusses the Simple Dynamics Engine (SDE) Physical Simulation library that 
is being developed as an experimentation platform to test the different algorithms and optimization techniques 
relating to the topics being researched. · 

POLYHEDRA APPROXIMATION 
The approximation of system objects utilizing primitive bodies is one of the most effective techniques used to 
achieve real-time collision detection. Several techniques are used to approximate objects in simulation 
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environments: The approximation methods include spheres, oriented bounding boxes (OBBs), axis aligned 
bounding boxes (AABBs), and discrete orientation polytopes (k-dops). 

Sphere-based Approximation _ 
In modeling and animation, spheres are often used to represent point masses in particle systems, allowing simpler 
simulation of things such as fire, snow, explosions, smoke, water, molecular movement, and other phenomena found 
in nature. · In relation to collision detection, spheres are often used for their simplicity in implementation. Collision 
detection can be achieved simply by testing if the square of the sum of the radii of the two spheres is greater than the 
sq~e of the distance between the spheres. Figure 1 demonstrates the approximation of multiple objects using 
circles. Subdivision is also shown as a method for achieving higher collision accuracy. Naturally, the 3D 
implementation utilizes spheres. 

Figure 1: Sphere appr~ximation an~ subdivision [15]. 

Simple _sphere approximat(on ease of implementation and speed comes at the cost of reduced collision detection 
accuracy. As seen in Figure 1, the shape of the objects colliding can often result in "false positives". An alternative, 
however, is to use bounding spheres as a rough approximation of objects, and subdividing the spheres as objects are 
detected to be. colliding [15]. 

Hubbard [8] presents a successful method based on a preprocess involving the construction of sphere hierarchies 
yielding a close object approximation. This method can produce different levels of approximations depending on 
the desired level of accuracy as shown in Figure 2. 

Figure 2: Three levels of detail utilizing sphere approximation [8]. 

The most challenging requirement in the creation of sphere hierarchies capable of approximating the object is 
tightness. · Depending on the algorithm being utilized for building sphere hierarchies, the process can be lengthy and 
does not always produce hierarchies that fit the object tightly. 

OBB-based Approximation 
OBB-based approximation is another frequently used approximation method for complex objects. This method 
involves the creation of a hierarchy of Oriented Bounding Boxes fitting the object as tightly as possible. Collision 
detection among OBBs can be significantly more efficient than collision detection between the polygonal objects 
themselves. OBBs results in more a~curate representation of the objects than axis aligned bounding boxes (AABBs) 
since they typically offer a much better fit to the object to which it is attached. AABBs are always aligned with the 
world axes and the object it contains rotates within the AABB, whereas OBBs are rotated with the local axes of the 

· object itself as it moves. 

44 



Proceedings of the 2007 IEMS Conference 

Figure 3: Problems associated with AABBs [15]. 

As seen in Figure 3, since AABBs are always aligned with world axes, small or oblong objects can lead to a 
considerable amount of inaccuracy. However, the choice of which method to use depends greatly on the application 
itself. The performance difference between OBBs and AABBs utilization depends on the environment, particularly 
when objects have a high level of overlap by nature, such as in connected objects, e.g. humanoid models. For 
humanoid models where overlap of individual objects occur often, collision detection utilizing OBB trees in a 
bottom up hierarchy produces much better results than previous attempts at AABB hierarchies 

· K-clops Approximation 
K-dops, or discrete orientation polytopes, are irregular bounding shapes formed around an object ''whose facets are 
determined by half-spaces whose outward normals come from a small fixed set of k orientations." [18]. K-dops 
form a much tighter fit for objects than both AABBs or OBBs (Figure 4), and therefore allow for much more precise 
collision detection, without the need for performing object subdivisions. · 

{lol (<I 

Figure 4: Three bounding geometries [18]. 

Figure 4 compares an arbitrary object encapsulated by an AABB (left), an OBB (middle) and an 8-dop (right). 
The generation of K-dops around objects, however,. does require a good bit of computational overhead. Much like 
OBBs, algorithms incorporating K-dops generally are arranged in trees for quick access or sorting. These 
algorithms run sufficiently well in real tinie, competing with popular algorithms such as RAPID, with accurate 
detection although still short ofOBB based algorithm's. efficiency [18]. 

SEPARATING AXIS THEOREM 
In OBB hierarchies, the outermost OBBs surrounding two objects are tested for overlap. If overlap occurs, then the 
sub-branches and child OBBs of the hierarchy are recursively checked until the leaves of the OBB tree are reached. 
In the process of recursively checking the OBBs for overlap, the Separating Axis Theorem is used as an efficient 
way of checking for overlap, yielding O(n log n) detectiol). time [9]. Using this theorem also allows for prediction of -
intersection between two convex polyhedra, reducing the risk of error by testing for overlap only during time steps · 
of interest. After a particular time step, polyhedron are ''projected" onto multiple axes. The Separating Axis 
theorem checks all axes for each object. If the object projections do not overlap on any single axis (i.e. they are 
separated), then collision has not occurred. These ''projections," also called intervals on an axis, are compared 
individually, using the maximum value from the interval of one polyhedron and the minimum value from another. 
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Figure 5: Collision detection using projection of objects on 3 axes before (left) and after (right) collision has 
occurred [ 14 ]. 

11 
1r 

-
. Figure 6: A third separating axis is calculated for accurate detection [14]. 

As demonstrated in figure 5, if any one of the three axes (left diagram) is detected to not exhibit overlap, we 
conclude that penetration of objects has not occurred. This method increases efficiency in simulations significantly 
as a larger proportion of objects in mos~ simulations do not overlap versus objects that overlap. The Separating Axis 
Theorem becomes slightly more complicated with round or concave objects, however, as such objects have an 
infinite number of possible separating axes. As demonstrated in figure 6, for round or concave objects, separating 
axes can be calculated by allowing the separating axis to be an axis parallel to the vector that connects the center of 
the circle with the center of the bounding box. · 

The Separating Axis theorem is the foundation of the idea of "sweeping and pruning" of objects in a simulation. 
These terms mean that by analyzing the direction of projections of objects on axes, a s·imulation can eliminate a 
large portion of objects from being tested for collision detection. The process of culling objects before contact set 
determination of collision runs in n log 2n time, but this sacrifice is more beneficial than risking quadratic time in 
case the simulation approaches the· worst case of n2 time with a large number of objects. · · 

Objects Moving with Linear Velocity 
When objects are motionless, collision detection using bounding boxes for detection penetration only is sufficient. 
With objects that have a linear velocity, however, we must use an algorithm that tries to predict penetrati~n before it 

happens in order to determine the n~i ~ ll~ion for a more realistic physical simulat/on. 

11 8 H 
(a) (bJ \C) 

Figure 7: Three different collision types between two polytopes. 
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As seen in Figure 7, two convex polyheda collide, but each instance in the diagram shows a different type of 
collision as the triangle has a different linear velocity in each picture. In 7a, body A has velocity that is moving it 
into body B. In 7b, the triangle is ''resting," in that body A is not dµ-ectly moving away from body B, but sliding on 
its surface. In 7c, body A has collided and is moving directly away from body B. The Separating Axis theorem 
allows us to accomplish the determination of these collision types between objects with linear velocity easily based 
on the projections of objects onto different axes. If the projections of two objects on any single axis are moving 
apart, no calculation or detection of collision is needed . . If these projections are moving closer, however, then an 
estimated time of collision can easily be calculated from the velocities of the projections [5]. Linear velocity can be 
found easily by calculating the dot product of a potential separating axis and the linear velocity of a bounding box 
relative to the bounding box at hand. Calculating the linear velocity of objects toward each other not only provides 
Boolean values in determining the collision between two objects, but also the nature of the collision, feeding data 
into collision response functions that can accurately change an object's velocity vectors as needed by the simulation. 

Obiects Moving with Angular Velocity 
If objects in a simulation have both linear and angular velocity, collision prediction becomes much more difficult 
and complex than with just linear motion is considered. With rotating objects such as boxes, if prediction is not 
accurate, invalid penetrations of comers into other objects can occur. For a realistic simulation to be produced, 
accurate and computationally inexpensive prediction of system collisions must be achieved. For an accurate system, 

· the exact time at which objects 'will collide as well as the contact points must be calculated in order to determine an. 
accurate response. ()ften, when just linear velocity is considered in a system, a bisectional method of the time step 
is used to predict collision. The bisectional method halves the time step until a time is found at which the system 
can be solved efficiently. When both angular velocity and linear velocity are occurring in the system, however, 
preprocessing of collision detection can become quite computationally expensive. As an alternative to the 
bisectional method of calculating time of collision, the Separating Axis theorem can be used to provide the collision 
detection system with the largest time where no collisions occur, resulting in an accurate simulation with minimal 
computational expense. If collisions are predicted, the theorem calculates the largest time until a collision and gives 
that to· the differential equation solver to be solved for that time instead of the normal time step. Otherwise, the 
differential equation solver solves the system using the standard time step (5]. 
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Figure 8: A sample collision detection with the bisectional method of time step determination [5]. 

This system of dynamic time steps is preferable, especially when dealing with .angular velocity, as using a bisection 
method as demonstrated in Figure- 8 can be quite computationally expensive when both linear and angular velocities 
are considered. As seen above, with a simple example of a sphere and a rectangle; when the sphere penetrates the 
rectangle, the time step is halved, although.the collision is still missed in figure 8c. In implementation, the time step 
would be divided further and the differential equation solver reran until the collision was not missed. With angular 
and linear velocity involved coupled with many objects, ·object collisions are much less predictable, and would result 
in far too many bisections of the time step for efficient real time collision detection, therefore dynamic time steps are 
more often used. 

CONTACT SET DETERMINATION 
In determining contact sets for objects in a physical simulation system, a reduced set of contact points is used. This 
is due to the fact that, otherwise, an infinite set of contact points can be generated in cases such as edge-to-face or 
face-to-face contact between two objects. For reducing the contact set and efficiency, only vertex-face or edge-edge 
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· (when edges are not parallel) are usually recorded in the contact set. For edge-face intersections, only the edge 
vertex that ·ts.coiltained in the face and a vertex if the edge intersects the end of the face are recorded. For face-face 
intersections, they are treated much the same way, and only vertices contained within faces and edge-edge 
intersection vertices are recorded . . During collision detection, if two edges collide, only the end points to one edge 
are recorded, either the absolute end points or the points where one edge meets the end of the other [5]. Figure 9 
demonstrates this concept. Specific algorithmic implementations vary widely, however, depending on the data 
structures used and the initial culling or "sweep and prune" techniques used. 

Figure 9: A reduced set of collision contact points [5]. 

Contact points between two objects are added to the contact set, to be resolved by the simulation even if there is no 
longer velocity between the two objects, i.e. they are at rest. Research has been performed [10] that "freezes" 
objects that are in contact but .have settled into stationary positions, therefore they are not adding their contact points 
to the contact set to be. resolved until their velocities change. This system of culling contact points from stationary 
objects can significantly increase the speed of the simulation when a large number of objects 3:Te involved. 

BINARY SPACE PARTITIONING 
Binary Space Partitioning (BSP) Trees are used in a wide variety of applications such as hidden surface removal that · 
ensures that objects in 3-space are drawn in the correct order. Researchers has also used BSP in 2-space using 
epipolat geometry instead of using three dimensional information such as depth, therefore eliminating the need for 
depth buffering. Binary Space Partitioning refers to the process of subdividing a space into smaller spaces that is 

· organized and sorted through the use of a binary tree. This technique is similar to that of octrees, without the 
limitation of the number of subdivisions. These subdivides are achieved recursively until an arbitrary base case is 
reached depending on the amount of accuracy needed in a given simulation. 

Figure IO: Demonstration of basic OBB based BSP tree [17]. 
. . 

In collision detection, trees are built consisting of geometric approximations of objects in a scene, most often 
implementing AABBs or OBBs as the objects bounding geometry, although spheres have been implemented with 
successful results [13]. Figure 10 shows a simple object being subdivided and a binary tree being constructed to 
point to the OBBs that will be used in collision detection. 

IMAGED BASED COLLISION DETECTION 
The aforementioned methodologies of collision detection for simulations all have used some'means of bounding 
boxes, otherwise known as an Object Based approach to detecting collision. Despite new algorithms and 
advancements, most of the algorithms are limited to the time ofO((n+k)log2n), where k is the number of 

, intersecting pairs and n is the number of objects [14]. The traditional methods of Objected Based Collision 
Detection (OBCD) hit their. limits as the detections rely on the main processor and graphics hardware renders as the 
main processor is done with each time step. 

In contrast to this approach, a new methodology called Image Based Collision Detection is being researched that 
attempts to divide the workload between the CPU and today's more advanced hardware graphics cards. Bacui and 

48 



Proceedings of the 2007 IEMS Conference 

Wong [14] implement a theoretical situation in software where the graphics hardware allows bit-wise comparisons 
through the stencil-buffer. Even through emulation, their method showed extrapolated results much better than 
object based approaches. This technique is achieved by utilizing t~e normally unused buffers of graphics hardware. 
Two objects are projected onto an image plane, and the stencil buffer is used to filter out and analyze small pieces of 
the frame buffer at a time. For depth testing, the Z-buffer is utilized while comparing projections of objects onto an 
image plane. Basic ray casting is used to actually test for interference between two objects. The collision library 
HYCODE uses a hybrid algorithm between IBCD and OBCD. The following diagram shows the comparative 
results between HYCODE and other major collision detection libraries currently available. 
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. Figure 11: Comp~ve results' between hybrid IBCD and OBCD algorithms (HYCODE and ZC) and other popular 
OBCD algorithms [14]. . 

The algorithms designed by this study (ZC and HYCODE) are hybrid algorithms using OBCD to cull out non
colliding objects and using IBCD to actually perform final collision detection. When te·sted on objects with both 
linear and angular velocity, the HYCODE algorithm achieved much better time than most popular algorithms, 
except Quick-Collide(QC), although experiments showed QC to miss collisions and slow down on much larger 
numbers of objects compared to HY CODE, despite the fact stencil buffering utilizations were emulated. 
Nonetheless, IBCD approaches show interesting results that give cause for further research [14]. 

IMPLEMENTATION 
This section presents the implementation of a collision detection and response system that utilizes the Separating 
Axis Theorem for fast collision determination. Both_ sphere and AABB approximations are used to minimize the 
utilization of detailed collision calculations thus speeding up the entire process. The following figures show the 
implementation results of the collision detection and response system. All experiments took place on a Pentium 4, 
3.0 GHz machine with 1 GB of RAM. 

Figure 12: Collision detection and response for 100 cubes. 

Figure 12 shows the collision system utilized for preventing penetration among 100 cubes. The objects collide with 
each other as well as with the walls of the room. The walls are represented as planes for which object penetration is 
prohibited. The resolution and rendering speed for cube collision (100 cubes) was 73 FPS. 
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Figure 13: Collision detection and response for 100 spheres. 

Results are also shown for the resolution of sphere collisions (Figure 13). 100 spheres were used for the . 
demonstration 9f sph~re collision and response. Once collision was detected, the contact points ·were calculated and 
the Impulse method was used to resolve the collisions. The sphere collision system (100 spheres) operated at 54 
FPS. The slowness of sphere collision performance is actually attributed to the rendering of the spheres and not the 
collision itself Rendering of spheres takes longer than that of cubes, although the collision detection and response 
is actually faster whe~ spheres are utilized. 

I 

l 
Figure 14: Collision detection and response for 500 cubes. 

The same experiment was repeated utilizing 500 cubes (Figure 14). The resolutions performance was 31 FPS. 

Figure 15: Collision detectiq~ and response for 500 spheres. 
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The system performed at 18 FPS when utilizing 500 spheres (Figure .15). The results were consistent with the 
previous experiment in that the performance was lower than that of cubes due to the rendering cost associated with 

the spheres. 

Figure 16: Collision detection and response for 2000 cubes. 

The system was also successful in the simulation of2000 cubes as shown in Figure 16. Despite the fact that the 
system operated at a lower rate, (17 FPS), the collision detection and response system operated successfully. 

. , 

CONCLUSION 
Several classes of object approximations were discussed as means for achieving fast collision detection and 
resolution. The balance between approximation accuracy and system performance is a delicate one. The nature of 
the application is the only factor that could determine the most appropriate balance to be used. An implementation 
of a complete collision detection and response system was demonstrated utilizing two different types of primitive 
objects: cubes and spheres. The system successfully resolved collisions among 2000 objects performing at l 7FPS. 
The system utilized both sphere and AABB object approximations to achieve higher performance rates. 
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PHYSICS-BASED ROBOTIC SIMULATION USING JOINT CONSTRAINTS 

Brad Farris and Khaled EI-Sawi 
University of Southern Mississippi 

ABSTRACT 
Virtual humanoids capable of intelligent mobility and interactivity with their environment completely independent 
of any user intervention is an essential and ultimate target for various scientific and entertaiilment fields. The first 
problem that must be overcome on the way to this goal is the realistic simulation of the muscle structures of such 
virtual humanoids. This paper describes methods of representing and controlling muscles and joints of robotic 
structures within a physical simulation. Then the paper goes on to discuss an implementation of a physics-based 
environment for the intelligent control of articulated structures. 

INTRODUCTION 
The first step in getting an autonomous humanoid robot to effectively interact with its environment is to build a 
physical model of the robot's body. This physical model includes the robot's limbs, connected together using 
various kinds of joints. In order to accurately represent the human body, the joints of the robot must have similar 
·constraints as the joints of the human body. We investigate two methods oflimitingjoint movement, hard joint stops 
and soft joint stops. \Vith the joints in place, the next step is to add muscles so that the robot can control its 
movement. We investigate two types of muscles that can be used. Last, we use the results of our investigation to 
implement a physical simulation of a humanoid robot. 

JOINT CONSTRAINTS 
The human body is made up of many different types of joints. Research has been done to calculate the properties of 
each joint [l, 12]. When one thinks of joints, one may thinks of the devices used to attach doors to walls, or maybe 
a wheel to the axel of a car. Simply, joints allow two bodies to move relative to each other according to certain 
constraints. 

Hinge joints represent a class of joints present in the human body. The joints of the elbows and knees are good 
examples. These joints rotate (mostly) about a single axis, with the axis of rotation normal to the plane created by 
the arm when bent at the elbow. The knee joints may also be simulated as hinge joints as well. The legs move 
utilizing single degree of freedom about the knee. Although both the forearm and the leg may have some minor 
lateral movement as well, we consider them as movjng about a single axis for the purposes of our simulation. 

· Ball joints, on the other hand, provide three axes of rotation. Ball joints are good for representing shoulder and hip 
joints. The shoulder allows the arm to rotate around an ~is pointing out the front of the body, around an axis 
pointing out the side of the body, and the final axis pointing upwards out of the body. The mentioned three degrees 
of freedom allow for the freedom of moving the entire arm in any direction without restrictions other than the limits, 
or stops, placed on each degree of motion. In the case of the human body, those limits are represented by tendons 
that may only stretch by a certain amount. 

Initially, in a simulation environment, when a joint is·created, it has no limits. In other words, a hinge can rotate 
completely about its axis, a slider ~can extend to infinity, etc. This is not desirable for representing human joints. All 
joints in the human body have limits. For example, the elbow and knee can only rotate through a certain range, and 
the head can only turn so much. If the joints making up the robot did not have any stops it would be possible for the 
head to turn completely around, or even spin like a wheel. The elbows and knees would rotate beyond their usual 
limits. The joints that make up the robot must have similar limits for realism. 

JOINTSPRINGINESS . 
When a joint stop is created, it is considered "hard." A joint with a hard stop will rotate completely freely until the 
angle of the joint reaches a stop, in which case the joint will suddenly stop, unable to continue moving in that 
direction. This is appropriate for certain applications, but when representing biological joints, this is not natural 
looking. In most biological joints, the muscles and tendons attached to the joint become stretched as the joint 
approaches its limit, providing some·resistance to the movement of the joint before the hard stop of the bone is 
reached. Some softness needs to be added to our system for more realism. 
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Springs hav~ been used to model muscle and skin, especially for facial animation [3]. We can attach "springs" to the 
joint in order to achieve softness. When the joint gets to within a certain angle, which must be higher than the low 
stop angle and lower than the high stop angle, the spring activates and applies a torque to the joint. This results in 
the joint resistance before hitting the sudden stop of the joint. This is the equation being utilized for soft joint 
constraints: 

torque = stiffness ( or spring constant) • (stretch_ angle - actual_ angle) 

This torque calculated is applied during the processing of the muscles. The main problem with this approach is that 
the possibility exists for the joint becoming too "springy." When a limb reaches the point where a spring would 
activate, the limb slows, stops, and then springs back. Other forces, like gravity, sometimes push the limb back 
towards the stop, and the limb would slow, stop, spring back, and so on, resulting in possible serious oscillation. 
Damping the springs assists in the stability of the joint system. The torque calculation b~ed on the introduction of 
joint damping is as follows: 

torque= stiffness • (st_ret~h_angle - actual_angle)-damping_constant • velocity _of __joint 

Utiiizing this formula, the springs are able to apply the necessary force to push the joint away from the stop, but 
without oscillatjon. Limbs quickly move away from the stop, and only move back with a small amount of torque, so 
oscillation is minimiz.ed. . 
There is no upper limit on the number of springs we could attach to a joint. With this system it should be possible to 
use one set of springs on a joint to create ''resting positions," and another set of springs for approaching the hard 
stops of the joint. For instance, the hand tends to relax into a position where the fingers are slightly curled. Using 
this system, the high and low stretch angles for each finger joint could be set up so that the fingers are easily moved 
into the desired position, but when the muscles are relaxed the fingers revert back to the resting position. 

MUSCLE SIMULATION 
Simulated muscle structures may be used to move the limbs of the robot. Two possible methods were utilized to 
simulate muscles. The first utilized joint motors, while the second simply relies on the application of direct torques 
to the joints. 

Motor Muscles 
In order to utilize joint motors, we set the desired angular velocity of the joint as well as the maximum amount of 
torque the motor is allowed to-apply to the joint in order to make the joint reach the desired velocity. The motor 
muscle will then apply a force each time step, up to the maximum force, to make the joint achieve the requested 
velocity as quickly as possible. · 

The motor muscle is implemented on top of the joint motor. Motor muscles have three main properties: strength, 
desired velocity, and tension. the strength property is fairly constant, and represents the maximum force that the 

. motor can apply. The desired velocity is just the desired angular velocity that we want the motor to reach. The third 
property, tension, is a percentage of the maximum force that we want to apply (tension should be a value between 0 
and I). During processing of the muscle, the maximum amount of torque applied to thejoint is set to the following: 

Maximum _torque = tension • strength 

To control a muscle, there are two main activities we need to do, contract and relax. To contract these motor 
muscles, we set the desired velocity to some nonzero value then set the tension to some positive value. To relax the . 
muscle we simply set the tension to 0, so that the joint motor does not apply any force to the joint. 

Problems with the Motor Muscles 
It is important to realiz.e that normal human muscles can only apply force in one direction. For instance, the bicep 
cannot extend the arm; it only pulls the forearm towards the upper arm (minimizing the angle of the joint). A single 
motor muscle can apply force in multiple directions, so a single motor muscle can control a hinge joint, il)stead of 
requiring and controlling two or more separate muscles, the way human joints do. The velocity property of a motor 
muscle can be used to indicate the desired direction of contraction. However, motor muscles may, in some 
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instances, cause behavior that is not realistic. If a motor muscle is controlling the arm of a robot, we could set the 
tension on the muscle to I and the strength to some high value and the desired velocity to 0. This would hold the 
arm in a fixed point. If some force were to suddenly try to move the arm, the motor muscle would automatically 
apply a force to resist motion, without any feedback from the controHer. This is not the way biological muscles 
work. 

Singular Muscles 
Singular muscles more closely represent the way real biological muscles work. A singular muscle only controls 
motion in a single direction. To open and close a hinge joint would require two of these muscles, one maximizing 
the angle of the hinge joint, and another minimizing the angle. These two muscles can be controlled separately with 
different parameters. Since multiple muscles can be applied to a single joint (two for a hinge, six for a ball joint) it 
becomes necessary to specify which axis of a joint a muscle is acting on. Another aspect the muscle needs to know 
is whether or not the · muscle is maximizing or minimizing the angle of rotation around the axis it is attached to. The 
final parameter that must be set upon creation of thejoint is the strength. This is Just a maximum possible amount of 
torque the muscle will be able to generate. 

During the controller operation, the muscle tension is continuously manipulated. The tension is just a percentage of 
the total strength (or force) that the muscle can apply. Then, each time step, the proper amount of force is applied . .. 
The algorithm fot calculating the amount of torque t the muscle applies to the joint is as follows: 

If the muscle is maximizing the angle 
t =tension* strength; 

Else 
t = -1 * (tension* strength); 

The main drawback of these singular muscles is that since there are multiple muscles per joint, the controller of 
these muscles must be slightly more sophisticated than it would be with motor muscles in order to coordinate the 
simultaneous manipulation of the entire system components. 

IMPLEMENTATION 
Our experimentation.relied on the Open Dynamics Engine (ODE) for simulating the physical system components 
and for the integration of the equations of motion. ODE joints connect two bodies and constrain their motion 
· relative to each other in different ways, depending upon the joint type. The two joints that ODE provides that we 
used to create the robot simulation were the hinge joint (to model the knees and elbows) and the ball joint (to model 
the shoulders, hips, neck, and back). We considered each joint to have two different types of joint limits. The first is 

· the hard stop created by the structure of the· bones and joints themselves, and the second is the softer stop created by 
the muscles. 

ODE provides built in support for creating hard stops for limiting the range of motion for the various types of joints, 
and was straightforward to set up, with the exception of the ball joint. The ODE ball joint does not offer support for 
joint stops. Fortunately ODE does provide an "angular motor," which does allow joint stops. The angular motor can 
be attached to the same two bodies that the ball joint is attached to. The angular motor has three explicit axes 
(unlike the ODE ball joint, which has three implicit axes)~at must be .set. The joint stops are then applied to these 
axes. 

5.1 Soft Stops 

Soft stops were created with springs built into the muscles. The springiness calculations for both the motor muscles 
and the singular muscles are identical. The result of the calculations is a t which we simply apply to the joints 
according to the following algorithm: · 

angle= current angle of the joint; 
t = O; 
If (a~gle > Hi Stretch Angle) 
{ . - -

t . = Hi Stretch Stiffness Constant 
* ( Hi=Stretch=Angle - angle); 
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} 

_II apply some dampening force 
-velocity= joint current velocity; 
t -= Stretch_Damping_Const_ant * 
velocity; 

II lo angle 
If (angle< Lo_Stretch_Angle) 
{ 

t = Lo_Stretch_Stiffness_Constant 
* ( Lo Stretch Angle - angle); 
II apply some dampening force 
velocity= joint current velocity; 
t -= Stretch Damping Constant* 
velocity; - -
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We performed this operation on each axis of each motor muscle and singular muscle prior to each time step during 
the processing phase of the muscles. We then simply apply the proper amount of torque to the joint the muscle is 
attached to. 

Motor Muscles 
· The first kind of niuscle we implemented was the motor muscle. We did this with a motor muscle object which acts 
mostly like a wrapper for the ODE joint motors. ODE joint motors work by applying a force, up to a maximum, to 
the joint to make the joint to rotate at a specific speed. We can take advantage of these mot~rs to simula~e muscles. 

One problem we ran into was that the dJointGetAMotorAngleRateO function in ODE, which is used for spring 
damping, is not implemented yet. It might be possible to write our own version of this function. 

Singular Muscles 
Singular motors do not use ODE joint motors, like motor muscles do. Instead they only apply torques directly to 
joints. 

When singular motors are attached to a joint, they are locked to one of the single specific axes defined for the joint 
to which the muscle is attached. However, it should be possible, with some additional work, to use singular muscles 
which apply force in any arbitrary dir~ction. 

- The third property of the singular muscles is whether or not the muscle is maximizing or minimizing the angle of the 
joint around the particular axis the muscle is working on. 

The Ball Joint 
For both the motor muscle and the singular muscle, the ball joint is a special case since ODE does not provide any 
way to either apply torque to a ball joint or to set up a joint motor or set up joint stops. We solve this by using a 
special type of joint called an angular motor that we attach to the same two bodies that the ball joint is attached. 
ODE then lets us set up joint motors and apply joint torques to the angular motor. · 

Whenever we combine an angular motor with a ball joint, we set up the angular motor in "Euler'' mode, which 
means-that ODE calculates the angles of the axes for us. This also means we must explicitly specify the axes of the 
angular motor. To further complicate things, the axes of the angular motors must be relative to certain bodies. The 
first axis must be anchored to the first body, and the third axis must be anchored to the second body (the second axis 
is automatically computed). ODE also requires that joint stops are used to stop the angle of the second axis from 
moving below -x/2 and above x/2, otherwise the joint becomes unstable. ' 

For all joints other than the ball joint, the order that we give the bodies to dJointAttachO does not matter. But 
because of the way the angular motors work, when we create ball joints with angular motors, the order does matter. 
The first two axes of the angular motors are anchored to the first body, and the third axis is anchored to the second 
body. To get the joints to behave as expected we make the first body given to dJointAttachO the "parent'' body (in 
the case of the shoulder joint, this would be the torso) and the second body is the "child" body (the upper iPlll). 
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Putting it All Together 
We created a system which loaded the robot definition from a human readable file. This file contained information 
about bodies, such as the mass and size; the joint, such as which bo4ies were connected by each joint, the type of 
joint, and the joint limits; and the muscles, such as type, strength, and information on springiness. The system parses 
this file and builds the robot. 

The system lets us tense and relax certain muscles by pressing the appropriate keys on the keyboard.-We could also 
directly manipulate the limbs of the robot using the mouse. 

RESULTS 
The results of the implementation are based on our visual observations of the system. The humanoid robot has 
realistic looking joints that respond in a natural looking way. The simulation easily runs in real time. 

Some things that need to be improved are: 

The joint system is incredibly simplistic. Real human joints are very complex with complex limits. For instance, the 
shoulder joint is actually composed of three bones and four different joints, each joint with its own range of motion 
[l]. We are simplifying the sho~der into a single ball joint. 

It is too much work to get a robot built! Everything has to be tweaked by hand. An editor would be really nice. 

There is no friction. Real joints have a lot of things resisting movement, including the muscles themselves. In the 
methods described here there is no friction. We could probably implement friction using·ajoint motor, maybe built 
into the motor muscles or as an extra part of the singular muscles (although in the case of singular muscles, they 
would need to be attached to the joint itself, since a joint can have many different singular muscles). 

Sometimes the muscles twitch when resting at a stop and being powered against it. This was observed with singular 
muscles and motor muscles. Playing around with the ERP and CFM of the stops may help, but I do not really know. 

CONCLUSION AND FUTURE WORK 
Using joints and springs to represent a robot's skeletal system along with muscles is a good way for representing a 
humanoid robot in a physical simulation. This paper-presented different techniques for simulating muscle structures 
of different degrees of freedom for the representation of different muscle groups. An implementation based on the 
Open Dynamics Engine was also demonstrated to. illustrate the reliability and stability of the different methods 
discussed. · 

The robot, rigged with all the correct body parts and jo~ts and muscles, does not do much on its own. It should be 
possible to apply some AI ([7, 9)) to the robo~ to enable it to figure out how to move on its own, and manipulate its 
environment. It might be possible for the robot to "learn" how to stand up and walk around. The robot could 
possibly be used in 3D virtual environments to "represent player avatars [8]. 
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ROGUE STATES: MUSHROOMING FRA(JD AROUND THE U.S. 
AND THE FORENSIC ACCOUNTANT 

LuAnnBean 
Florida Institute of Technology 

ABSTRACT 
· This paper discusses rising fraud in specific states around the country and some of the risk factors leading to these 

increases. The examination concludes with information that will help advance the forensic investigations of 
accountants, as well as be useful to other management professionals . . 

INTRODUCTION 
Incidents of fraud and identity theft reported to the Federal Trade Commission stood at 685,000 in 2005 alone and 
are estimated to average $1,000 per consumer in the U .S or a about $1 billion annually (FTC, 2006). With fraud 
increasing at exponential numbers, this paper explores particular fraud hotspots in terms of state locations. 

SEC LITIGATION 
Despite increased regulation through such measures as the Sarbanes Oxley Act, the number of fraud activities 
flagged by the Securities and Exchange Commission (SEC) continues to rise. These litigations target securities 
frauds committed by e-mail spam, fax blasts, market timing schemes, and material misstatements to manipulate 
company financial results. This author examined all of the complaints pertaining to fraud raised in 2006 SEC 
litigation. There were 298 separate cases, most with multiple defendants. Although many of these cases consisted of 
multiple violations or infractions, the cases were analyzed from the perspective of their primary fraud and the 
jurisdiction of where the fraud was prosecuted. Table I presents the number of frauds by state. While the skeptical 
observer might say that these frauds show a direct correlation with the state populations (i.e.; the states with the 
higher populations have.the greatest number of fraud violations), Table 2 is presented to show that this is not the 
case. In fact, when looking at the states with the greatest number of SEC frauds in 2006, Nevada, Arizona, New 
Jersey, Connecticut and Missouri appear to be outliers, with more fraud than the population explanation supports. 

Table 3 shows a breakdown of the 298 cases by main fraud areas. These include: (1) insider trading, (2) market 
manipulation, (3) improper revenue recognition and other violations of generally accepted accounting principles 
(GAAP), (4) Ponzi schemes, (5) back dating of stock options, (6) kickbacks, (7) misappropriations, (8) pump and 
dump schemes, and (9) embezzlement. Below is a b.rief description of each type of fraud. 

• Insider trading violations inclu4ed individuals who either supplied or acted on stock tips using material, 
nonpublic information about the securities. M~y of these had to do with the knowledge of mergers or 
circumstances related to contracts. 

• Market manipulation predominantly focused on issues of market timing. Market timing is the frequent 
buying and selling of mutual fund shares in order to exploit inefficiencies in mutual fund pricing. While 
market timing is not illegal, per se, the knowledge or intent that it is harming other mutual fund 
shareholders is at the heart of the matter. This is because these trades can dilute the value of their shares if 
the market timer is exploiting pricing inefficiencies, or disrupts the management of the mutual fund's 
investment portfolio. The result is that the targeted mutual fund incurs costs borne by other shareholders in 
order to accommodate frequent buying and selling of shares by the market timer. 

• Improper revenue recognition and other GAAP violations during 2006 focused primarily on committing the 
violations in order to meet internal targets and Wall Street earnings expectations. 

• Ponzi schemes are illegal pyramid schemes, where the fraud is continued by using money from new 
investors to pay off earlier investors. · 

• Back-dating of stock options allows executives to profit from stock prices in hindsight. In other words, the 
stock option prices that could be legally offered are higher than the prevailing price of the stock. Therefore, 
back-dating turns back the clock on option grants to a time when the shares were "in-the-money." The · 
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· megality of this practice results when this is not disclosed, properly accounted for, or the option grant is not 
taxed. 

• Kickbacks are payments or other types of compensation made in order to influence and gain profit from an 
. individual or company. Kickbacks noted in the 2006 fraudulent violations included instances of kickbacks 

to bond traders ·in exchange for the flow of business and favorable prices, kickbacks to transfer agents, and 
kickbacks for collusive stock manipulations. 

• . While many frauds involved misappropriations, the cases that appeared in this primary classification 
included blatant and massive misappropriation of investor funds in exchange for phony securities and 
promises, with funds used for fraudster personal uses. 

• Pump and dump schemes promote stocks through false statements or claims of insider knowledge or 
advantage for stock picks. Typically, this promotion occurs through the lntem~t, faxes, or telemarketers, 
with the promoters planning to sell or "dump" their own shares at inflated prices once the stock_price is 
"pump_ed" up by the buying frenzy that is orchestrated. Once the fraudsters sell off their shares and quit the 
promotion, investors lose money. 

• Embezzlement is the theft of funds belonging to another individual or entity. In the SEC cases, these cases 
involved ·skimming a few cents on each share of stock sold or creating phantom investor accounts. 

Finally, Table 4 shows the number of frauds in each state by the primary types that existed in 2006. It is notable that 
New York seems to have the most insider trading, market manipulation, and GAAP violations. This is likely due to 
key Wall Street relationships and the concentration of brokerage activities. On the other hand California shows the 
greatest number of Ponzi schemes and the statistics indicate that Florida has the most violations of blatant investor 
misappropriations-many of which target seniors, minorities, and unsophisticated investors. 

IDENTITY THEFT 
Between 2003 and 2005, frauds perpetrated by identity thefts increased 19 percent, based on the most recent 
statistics on identity theft by state are published by the Federal Trade Commission. These data show the top ten 
states _(based on number of victims relative to 100,000 population) with the greatest number of complaints include: 
Arizona with 156.9, Nevada with 130.2, California with 125.0, Texas with 116.5, Colorado with 97.2, Florida with 
95.8, Washington with 92.4, New York with 90.3, Georgia with 87.3, and Illinois with 87.3 However, ranking at the 
top in sheer numbers of victims:_ California with 45,175, Texas with 26,624, New York with 17,837, Florida with 
17,048, and Illinois with 11,137. The greatest numbers of these frauds are credit card frauds, accounting for 26 
percent of all identity thefts (FTC, 2006). 

OTHERNOTABLEAREASFORFRAUD 

Mortgage Fraud 
Based on the most recent data (from 2005), the Mortgage Asset Research ·Institute Inc (MARI, 2006) irt Reston, 
Virginia found that Florida ranked first in the nation for loans originated in 2005 that contained alleged fraud or 
serious misrepresentation. Florida's position is up from its sixth place finish in 2001. However, the state showing 
the greatest degradation over the last five years is Colorado, who was 21 st in 2001 but has seen the fourth worst 
number of mortgage frauds in 2005. Interestingly, South Carolina has seen the greatest drop in mortgage frauds, 
moving from the state with the most mortgage frauds in 2001 to number 19 in 2005. Unfortunately, there is no clear 
evidence regarding the reason for this drop and the MARI report is silent on the change. · 

What are the sources of mortgage fraud? During 2005, the greatest-number (59%) occurred in applications, as had 
been the case over the last few years. However, mortgage frauds are also occurring in tax and financial statements 
(22%), verification of deposit (16%), appraisals and valuations (14%), verifications of employment (13%), escrow 
and closing (7%), and credit reports (4%). MARI is careful to note that these percentages total to greater than 100% 
because most incidents involve more than one type of fraud. 

Appraisals seem to be.an increasing hotspot. According to Sichelman (2006), three out often appraisals are forged. 
This is occurring because many of the perpetrators are "lifting" their names from class rosters, loan files and even 
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industry websites. They are not only forging appraisals with these phony credentials but also creating errors and 
omissions insurance documents, as well as any other documents that lenders might request. 

Fraudulent Commercial Driving Licenses 
It appears that the state of Washington may currently hold the distinction of issuing the most fraudulent commercial 
driving licenses. Under Washington State law, there are no standards for driving schools, and no training required to 
get a commercial driver license. In addition, the state relies entirely on third-party testers from 57 companies to 
examine the driving skills of commercial applicants. According to Turner (2007), a March 2007 audit showed over 
6.5 percent of the 10,000 commercial licenses issued by the outsourcers may have been obtained by unqualified, 
out-of-state applicants who either didn't talce. or pass the written, driving, or physical exams required or may have 
had revoked licenses. The momentum for the fraud was fueled reciprocal agreements with other states, so that these 
illegally obtained licenses were "flipped" by applicants to obtain commercial licenses in their own states. Even in 
light of the current criminal investigation, it is a scary thought that these drivers are piloting vehicles rated at more 
than 26,000 pounds, tractor-trailer combinations, buses that carry 16 or more passengers, and tankers and other 
ha7.ardous-material carriers. 

INFORMATION TO HELP FORENSIC INVESTIGATIONS 
Many of the cases explored show obvious breaches of internal controls. A basic understanding of fraud prevention 
techniques can help forensic accountants and management evaluate the controls, procedures, and policies within 
organizations to minimize the likelihood of fraud. However, tackling certain types of frauds in specific states 
depends on a keen understanding of what unique factors are synthesized by the fraudster to make a scam work at a 
particular point in time. That is why forensic accountants must look at a number of demographic and psychological 
factors behind the numbers to help determine how and why the fraud was committed. Did a certain scam work 
because a state has a large population of senior citizens? Did a certain type of investment appeal to.religious 
groups? What is the emotional trigger of the investment that overrides logic (i.e.,''you can't get something for 
nothing")? 

While SOX legislation is helping curb some internal control abuses, the successful forensic accountant should focus 
on the shift toward value-added expertise directed toward the evolving focus on external and collusive risks. For 
example, in the case of the Washington outsourced testers, the external risk of the decision to outsource (likely 

· based on a cost-benefit analysis) may not have considered the risks of the inconsistent skill sets within 57 different 
companies ( contracted for license assessments) and tlie potential for collusion or loopholes in the system. 
For many informational challenges, the Internet has provided a terrific reference source for assisting with forensic 
investigations of fraud. Not only· can it provide great resource listings, such as the one showing all the state fraud 
bureaus and their contact information at the website for the Coalition Against Insurance Fraud 
(http://www.insurancefraud.org/fraud bureaus list.hon), but it can expand informational networks needed to do 
background checks and historical investigations. Still ot;Iter websites can provide regulatory information, like that of 
the Centers for Medicare & Medicaid Service~ (CMS), which as comprehensive listings of official state statutory 
citations that are used to fight fraudulent diversion of dollars away from limited income Medicaid clients. 

From an evidence gathering standpoint, digital tools are also a critical part of the forensic accountant's toolkit. They 
allow him or her to confront the "fingerprints" left behind by fraudsters using computers. Since practically all fraud · 
cases involve computers, forensic accountants must understand concepts such as write-blocking devices that allow 
examiners to read computer drives_without changing the contents, software that is capable of creating a forensic 

· image of the hard drive for comparison purposes, and issues of uncovering and analyzing hidden, deleted, or 
partially deleted file remnants in a hierarchical format. 

In short, while the fraud cases and risks are as varied as the states in which they are found, the search, recovery, and 
reconstruction skills of forensic accountants will continue to demand an eye toward looking beyond the numbers, 
examining external and collusive risks, and enhancing computer skills. 
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TABLE 1 - SEC Fraud Litigation for 2006 By State 

State Number 
I. New York 62 
2. California 44 
3. Florida 33 
4. Massachusetts 18 
5. Texas 14 
6. Georgia 12 
7. Illinois 11 
8. Nevada 9 
9. Ohio 9 
10. Arizona 7 
11. Pennsylvania 6 
12. New Jersey 5 
13. Connecticut 5 
14. Missouri 5 
15. Virginia 4 
16. Colorado 4 
17. North Carolina 4 
18. Michigan 4 
19. Maryland 3 
20. Utah 3 
21. Rhode Island 3 
22. Minnesota 3 
23. Kentucky 3 
24. Oklahoma 3 
25. Tennessee 2 
26. Kansas 2 
27. New Mexico 2 
28. Alabama 2 
29. Louisiana 2 
30. Vermont 2 
31. Wyoming 2 
32. Washington · 1 
33. Delaware 1 
34. Maine 1 
35. Oregon 1 
36. West Virginia 1 
37. New Hampshire 1 
38. South Carolina · 1 
39. Nebraska 1 
40. Indiana 1 
41. Iowa 1 
42. Wisconsin 0 
43. Alaska 0 
44. Mississippi 0 
45. Hawaii O· 
46. Arkansas 0 
47. Idaho 0 
48. Montana 0 
49. South Dakota 0 
50. North Dakota 0 
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TABLE 2 - Top 15 States by Number of Frauds and Population 

States by number of Fraud By Population 
I. New York California 
2. California Texas 
3. Florida New York 
4. Massachusetts Florida 
5.· Texas Illinois 
6. Georgia Pennsylvania 

.. 

7. Illinois Ohio 
8. Nevada Michigan 
9. Ohio · Georgia 
10. Arizona North Carolina 
11. Pennsylvania New Jersey 
12. New Jersey Virginia 
13: Connecticut Massachusetts 
14. Missouri Washington 
15. Virginia Indiana 

TABLE 3 - SEC Fraud Litigation for 2006 

Total by Types of Fraud Activity Percentage of total 

Insider Tradin2 29 9.7% 

Market manipulation 61 20.5% 

Revenue Recoenition 84 28.2% 

Ponzi Schemes 29 9.1% 

Backdatin2 stock options · 5 1.7% 

Kickbacks 7 2.3% 

Misappropriation 66 22.2% 

Pump and Dump 14 4.7% 

Embezzlement 3 1.0% 

TOTAL 298 100% 

• Search at www .sec.gov in litigatio!1 "fraud 2006 complaint" 
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TABLE4-
Types by State 
New York 
California 
Florida 
Massachusetts 
Texas 
Georgia 
Illinois 
Nevada 
Ohio 
Arizona 
Pennsylvania 
New Jersey 
Connecticut 
Missouri 
Vir2inia 
Colorado 
N. Carolina 
Michigan 
Maryland 
Utah 
Rhode Island 
Minnesota 
Kentucky 
Oklahoma 
Tennessee 

· Kansas 
New Mexico 
Alabama 
Louisiana 
Vermont 
Wyoming 
W ashinsrton 
Delaware 
Maine 
Oregon 
WestVinrinia 
N. Hampshire 
S. Carolina 
Nebraska 
Indiana 
Iowa 
Total ofTvoes 

No. Insider Market 
Tradin2 manipulation 

62 9 16 
44 4 4 
33 1 5 
18 3 3 
14 4 
12 1 
11 1 5 
9 1 3 
9 1 
7 3 
6 2 1 
5 1 2 
5 ·2 
5 1 
4 I 2 
4 2 
4 I 1 
4 
3 I I 
3 
3 . I 
3 
3 
3 1 
2 
2 
2 I 
2 1 
2 
2 
2 2 
1 1 
1 1 
1 
I 
1 
1 
1 
1 
1 
1 
298 29 61 

Revenue Ponzi Backdating Kickbacks 
Reco2nition Schemes stock options 
17 1 2 4 
11 12 2 
6 1 I 
6 2 
7 1 
1 4 1 
2 1 

1 
4 2 
3 
1 1 

1 
I I 
2 1 

I 
1 
I 1 
3 
I 

. 1 

·2 
3 
2 
2 
1 

1 
1 
I 

I 

1 
1 

84 29• 5 7 

Misappropriation Pump& 
Dump 

8 4 
10 1 
15 3 
4 
2 
4 1 
2 
2 2 
2 
I 
1 
1 
1 
1 

I 

1 

1 2 
1 
1 

1 
1 

1 
1 

1 
1 
1 

I 

66 14 

Embezzlement 

1 

1 

1 
3 
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CAN WE TALK? FASB 5 DISCLOSURE . 
AND THE TRANSPARENCY OF CONTINGENCY REPORTING 

LuAnn Bean and Barbara Pierce 
Florida Institute of Technology 

ABSTRACT 
Given the need for more transparent reporting under Sarbanes Oxley, it is important to communicate litigation 
contingencies by accrual and/or footnote disclosures. With respect to contingency reporting under SF A~ 5, 
authoritative literature pins some of the failures of financial statement usefulness on a willingness of lawyers to 
communicate necessary information to auditors. This study compares responses from third year law students and 
fourth-year accounting students (regarding three case scenarios) in order to gauge the extent of the existing financial 
information gap between two groups of future professionals and presents recommendations for addressing these 
deficiencies. 

INTRODUCTION 
Financial statements report what has occurred. They tell the story of the firm in such a manner that the users of 
financial statements can make educated· decisions about whether to invest in a company or not. Unfortunately, the 
financial statements are only as_ good as the infonnation provided. 

· For the most part, financial statements are retrospective (i.e., explaining what has happened). With the need for 
more transparent reporting under the Sarbanes Oxley Act (SOX), it is important that firms communicate litigation 
contingencies by· accrual and/or footnote disclosures. · However, contingent liabilities are those that will be realized 
in some future period based upon the outcome of a future event. There are many types of contingent liabilities that 
firms incorporate into their financial statements, such as warranties, guarantees and litigation liabilities. Accounting 
estimates ·are often used to accrue these types of liabilities because the actual amount that will be paid is often 
unknown when the financial statements are prepared. 

Litigation liabilities tend to have suspect outcomes, since all that is known is that a litigious situation exists. 
Accountants are not lawyers and cannot assess the potential outcome of such events and must rely heavily on 
communications with company counsel. Even the 197 5 authoritative literature for the accounting profession on 
contingencies-the Statement of Financial Accounting Standards No. 5 (SFAS 5}--does not direct the accountant to 
take on the duties of the lawyer. Rather, it directs the accountant to choose among three disclosure options. These 
are: (1) make no disclosure if the contingent liability has only a remote chance of occurring; (2) disclose the 
contingency in the footnotes if there.is only a reasonable possibility ·of occurrence; or (3) accrue a probable, 
estimable loss (never a gain) and its related liability with a corresponding disclosure in the footnotes. These are 
pretty broad ranges and SF AS 5 seems to imply that the auditor chooses from among these three alternative 
disclosures methods. In actuality, the auditor relies heavily on communication from attorneys to determine to which 

· of these categories is best for classifying potential contingent liabilities. 

Current research into contingent liability disclosure is mixed. Fesler and Hagler (1989) studied actual cases of 
disclosure to determine whether companies are providing presentation of contingent liabilities. Studies that have · 
examined the terminology used in SF AS 5 include Raghunandan, Grimlund and Schepanski (1991) among others. 
More recently, Haber (2002) surveyed lawyers to determine their willingness to provide information to auditors and 
found that while lawyers indicated a willingness to provide the necessary information in about half the cases, 
auditors who were interviewed felt they did not receive the kind or type of information they needed from lawyers. 
In 2002, Gleason and Mills examined factors that explain firms' decisions to disclose and record contingent tax 
liabilities, and Aharony and Dotan (2007) examined whether financial analysts (users), managers (preparers) and 
auditors classify contingent liabilities the same under SF AS 5. 

Uris lack of good information may be due the ambiguity of the information that has to be provided. This study tries 
to determine whether the lawyers and accountants would even classify events in the same manner through a case 
studies approach administered to both third-year law students and fourth-year accounting students. 
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RESEARCH DESIGN 
The research question is simple. Will lawyers and auditors classify litigation contingencies the same, given the 
same information? A survey methodology was chosen and 52 law s~dents and 69 accounting students in a Midwest 
university were given three case scenarios. These three scenarios are: 

1. During a December 25, 20x6, party of the Trenton Art Foundation, the roof of the Esquire 
Hotel ballroom collapsed. The cause of the accident is not yet known. Over three hundred (300) 
people required hospitaliz.ation, six· died, and many remain in critical condition. No claims have 
been filed as ofDecember 31, 20x6. 

2. It is known that for the last two years the Esquire Hotel has made a practice of paying the I 00 
females on the custodial staff$5.00 an hour less than that of the male custodial workers. The 
female staff have organized and elected a representative, who has contacted management about 
this disparity after consulting with an attorney. 

3. The Esquire Hotel which was built thirty (30) years ago has discovered that the building 
extends two (2) feet beyond its property line. The boundary discrepancy has not yet been 
discovered by the adjacent property owner. The value of the two (2) feet of property was 
estimated to J:>e three (3) million dollars. 

For each scenario, the respondent had to answer two questions: (1) whether or not the information should be 
provided to the auditors, and (2) whether SFAS 5 would require (a) no disclosure, (b) financial statement footnote 
disclosure, or ( c) accrual. Respondents could check off as many of those three choices as they believed were 
appropriate for each case. Each case was independent of the other ~ases. · 

DATA AND RESULTS 
The results below first indicate what should be the correct outcome based on the results of each group, the law 
students and the accountants. 

TABLE 1 
Correct Law Accounting 
Outcome Students Students 

Case 1: 
Believes counsel should advise the client to to advise 290/o 96% 
provide the information to the auditors. the client to 

provide the 
. information 
to the 
auditor 

easel: 
Believes counsel should advise the client to to advise 25% 75% 
provide the information to the auditors. the client to 

provide the 
information 
to the 
auditor 

Case 3: 
Believes counsel should advise the client to Disclosure 17% 67% 
provide the information to the auditors. not 

reQuired 

67 



Proceedings of the 2007 IEMS Conference 

It is clear from these results that potential lawyers and accountants do not even classify events in the same manner. 
For Case 1, the potential damages were material; however, only 29% of the law students answered that this material 
should be provided to the auditors. The accountants seemed to classify this correctly in that 96% of the accountant 
respondents said that the information should be communicated to the auditors. In Case 2, where the amount of 
damages can be reasonably estimated and it is probable there will be a resulting claim against the company, the law
student respondents correctly chose to provide the material to the auditors only 25% of the time. This is less than in 
Case 1. Even the accounting students performed less well on Case 2 versus Case I, recognizing that the information 
should be reported only 75% of the time. For Case 3, the law students more accurately decided that the information 
was less important with only 17% suggesting that the auditors should be notified, whereas 67% of the acc9unting 
students responded that the information should be provided to auditors. It appears that the potential lawyers do not 
have a good grasp of what information should be provided to auditors. However, the results question the 
accountants' understanding ofSFAS 5, also. 

The actual treatment that should be afforded each scenario differed as well. Even though accoun~g students more 
often recognized that information should be disseminated to the · auditors, there was not a consensus in how that 
information should be reported. In each scenario below, the correct accounting treatment is shown in bold. 

TABLE2 · 
Treatment justification by accounting Decision 
students percenta2es* 

Case 1: 
Believes counsel should Does not require disclosure or accrual 6% 
advise the client to provide under SFAS No. 5 
the information to the Requires financial statement accrual 22% 
auditors. under SF AS No. 5 

Requires footnote disclosure under 77% 
SFASNo.S 

Case 2: 
Believes counsel should Does not require disclosure or accrual 35% 
advise the client to provide under SF AS No. 5 
the information to the Requires fipancial statement accrual 20% 

· auditors. under SF AS No. 5 
R~uires footnote disclosure under 48% 
SFASNo.S 

Case 3: 
Believes counsel should Does not require disclosure or accrual 45% 
advise the client to provide underSFAS No. S 
the information to the Requires financial statement accrual 25% 
auditors. under SF AS No. 5 

Requires footnote disclosure under . 32% 
SFAS No. 5 

* The total of the percentages may be greater than 100% for treatment of each case, 
because some subjects felt that accrual and disclosure was needed. 

In none of the cases above did the accounting students have a consensus. In Case I, the correct treatment would be 
to advise the client to provide the infonnation to the auditor. The amount of damage incurred was material. 
However, an accurate estimate could not be ascertained and a footnote disclosure is required under SFAS No. 5. 
~e results of the survey show that only 77% of the accounting students correctly chose the appropriate SF AS 
treatment for this scenario. In Case 2, it is probable that there will be a claim. The amount can be reasonably 
estimated, which provides substance for a financial statement accrual. However, since no suit has yet been filed, the 
conservative approach provided by SF AS No. 5 would be to disclose the events. The accounting students' correct 
responses decreased from Case 1. Only 68% of the respondents believed some ·sort of disclosure ( either accrual or 
footnote disclosure) was required. Regarding Case 3, SFAS No. 5 would not require legal counsel to advise the 
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client to provide the information to the auditor. This is because the adjacent property owner is unaware of the issue 
and it is not probable that the claim will be asserted. However, if it were, the law of"adverse possession" would be 
the client's defense and an unfavorable ruling would likely be remote. Neither financial statement disclosure nor 
accrual is appropriate in this case. However, nearly 55% (more than half) the accounting students believed that some 
sort of financial statement disclosure would be required. The law students were much more accurate in their 
assessment that this information does not need to be provided to the auditors. 

CONCLUSION AND RECOMMENDATION 
· The results seem to show that there is no consensus among accounting students or law students as to what 
information should be disclosed to the auditors, nor as to whether or not such disclosures should then become part of 
the financial statements. It would seem that as standard setters, the Financial Accounting Standards Board may wish 
to revisit SF AS to enhance the alignment of the definitions of contingencies with the request for more transparent 
reporting under Sarbanes Oxley. 
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FINANCIAL MANAGEMENT IN MICRO ENTERPRISES: A CASE STUDY 

Paulo C. Junior, Claudete T. Almeida, Angela P. Ansuj 
CCSWUFSM, Santa Maria (RS), Brazil 

R. Radharamanan 
Mercer University 

ABSTRACT 
This paper compares the existing financial information of family and non-family type micro enterprises. Seventeen 
micro enterprises, of which 7 are family and 10 are non-family participated in this study. The data collected were 
analyzed using descriptive statistics and difference in proportions tests. The results showed that there were no 
significant differences between these two types of enterprises at 5% level of significance. It was observed that none 
of these enterprises made any comparison with their competitors in term of rate of return and cQst control; they had 
no budget for income and expenditure. In family enterprises, none had investment -criteria, enterprise budget, idle · 
time and re-work control. However, in the non-family enterprises, only I 0% had budget and idle time control; and · · · 
50% had re-work control. From this study, a suggestion· for creating a management training program, especially in 
the areas of finance, accounting, and planning has been made so that these enterprises could remain competitive in 
the inarket. , . 

INTRODUCTION 
The globalization and the technological evolutions pu~ in motion competition between companies and demanded 
daring strategic actions from the enterprises [5]. Each innovation that can be translated into competitive advantage 
must be explored by the administrators so that the enterprising and pro-active form needs to survive in an 
environment where all the participation in the market is highly disputed. Brimson [ 6] affirms that in recent years, the 
business world passed through great transformation and currently, the customers expect products of high quality, 
greater functionality, and low price. 

The micro and small companies produce major part of goods and services offered to the customers. They offer 
many contributions to the society, such as jobs and innovations; they assist the bigger companies; they stimulate the 
competition and produce goods and services with efficiency. The small companies allow an economy more 
adaptable to the structural change for continuous initiatives that incarnate new technologies, abilities, processes, or 
products [13]. Still, the small companies represent statistically a significant ratio of the world-wide economy. 
According to the Small Business Administration [20], small businesses represent 99.7% of the jobs in the United 
States, and 96% of the jobs are made available from non-agricultural organizations in Australia [3]. In the European 
Union, only 1% of the businesses have more than 50 employees [8]. · 

The micro and small companies have a crucial role in the stabilization of economy, and any decline will affect the 
economic growth rate earlier or later [ l ]. In the central region of the state of Rio Grande Do Sul, as well as in the 
other regions in Brazil, the economy is constituted by micro and small companies {MSC), where most of these 
organizations are family owne~ strongly contributing to income and generation of jobs. Thus, this paper aims at 
comparing the financial management used by micro and small companies with and without family participation. 

CONSIDERATIONS ON FAMILY OWNED COMPANIES 
The family owned company is possibly one of the most ancestral forms of business emerged from the evolution of 
humanity [16]. In the past, all and any company belonged to a family is named as rural property. As the years 
passed by, the individuals had perceived the lack of products such as clothes, tools, among oth~rs. To satisfy all 
their desires and necessities, they had to exchange a product for the other, starting the commerce [9]. According to 
Galbraith [10], the commerce was developed, mainly, from the second half of the XVIII century in England, and in 
lesser scale in the remaining portions of the Western Europe, followed by New England, for a succession of 
mechanical inventions such as the steam engines and innovations in the weaving industry. 

The family owned companies are predominant in the whole world, occupying large space in the economic and social 
panorama [l l]. It is estimated that 40% of the five hundred bigger companies listed in the Fortune magazine are of 
family owned. The family owned companies generate half of Gross National Product (GNP) of the United States 
and employ half of the work force .[20]. In Europe, these companies dominate the segment of small and medium 
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enterprises [8]. In Asia, the form of family control varies according to the nations and cultures, but the family 
owned companies occupy dominant positions in all the developed economies, with the exception of China. In Latin 
America, groups constructed and controlled by families constitute the main form of private property in the majority 
of the industrial sectors [ 11]. Marsden [ 17] discussed about creating the right environment for small firms. 

Unfortunately, the failures of some family owned organizations darken the enterprises of other well-succeeded 
family organizations. With a harmonious work, families can bring to the company levels of commitment, long-term 
investment, fast action, and devotion longed for by non-fainily owned companies that rarely obtain them. 

Culture of the Family Owned Company . 
For Longenecker et al., the founder's trademark is present in the family owned company [15]. The founder can 
establish values that can become part of the capital and of the business that will serve as family pride. Evidently, the 
founder cannot merely impose his values on the organization. These values can become part of the culture only if 
accepted by the group. Besides considering the culture as a collection of individual values and practices, it 
represents a set of values and practices within the standard culture. This means that any family owned company · 
have beliefs and behaviors similar to other family owned companies, at the same time they are different, therefore 
each family has its own beliefs and values. 

The family owned companies als'd are identified by a set of cultural standards that involves: the business, the 
family, and the direction of the business. Uniting the company standards, family, and business constitute global 
culture of the family owned company. In the first stage of a family owned business, a paternal enterprise culture is 
included and the board of directors only inakes official the decisions already made. This means that the family 
relations are more important than the professional ability; the founder is the unquestionable head of the clan and that 
the board automatically supports his decisions. 

Characteristics of the Family Owned Companies in Brazil 
Gersick·and Davis [11] and Castro [7] asserted that approximately 70% of the existing organizations in the world 
belong to the families. This percentage can increase in the next generations, due to the following reasons: i) the 
family owned companies present better results than the other organizations regarding the quality questions, since the 
name of the family is associated with the products and services offered to the consumer market; ii) the family owned 
· companies work with an ample horizon of investments, while the other companies are obliged to answer quickly to 
the shareholders, reducing costs and, many times, leaving the branch at the difficult moments. The family owned 
enterprise, most of the times, supports less economic growth and continues to engage in the relation family -
company - market. 

However, according to authors cited above, 70% of the family owned companies close their activities with the death 
of their founders, where the average life cycle of these companies is 24 years, 30% of them survive in the second 
generation, and only a minority lasts until the third generation. The main causes of death of the family owned 
companies are: i) concentration, by tradition, in a specific product, even when the life cycle of this product enters in 
decline; ii) lack of strategic planning; and iii) successor fight. 

In general, the family owned companies represent more than 415th of the Brazilian private companies that represent 
315th of the revenue, and more than 213rd of the jobs when considering the total of Brazilian private companies. On 
the other hand, I/5th of the family owned companies have presented serious problems of successor, and these 

· problems are of long duration, taking an average of 4 years to be resolved and provoking, in this manner, serious 
damages for the proper companies [19]. 

Three Circles Model of the Family Owned Company . 
The three circles model, developed for Gersick and Davis [ 11 ], describes the system of family owned company as 
three independent subsystems, but superimposed: family, ownership, and·management, as shown in Figure I. Any 
person in a family owned company can be placed in one of the seven s~ctors formed by the superimposed circles of 
the subsystems. For example, all the proprietors (partners and shareholders), and only they, are in the upper circle. 
Analogically, all the members of the family are in the left inferior circle, and all the employees in the right inferior 
circle. A person with a connection with the company will only be in one of the external sectors, or either, l, 2 or 3 . 

. For example, a shareholder who is not a member of the family or an employee belongs to sector 2, that is, in the 
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circle of proprietors, but not in the others. A member of the family who is not a proprietor 9r an employee will be in 
sector 1. 

Figure 1: Three circles model of the family owned company 

The people .with.more than. a connection with the company will be in one of the superimposed sectors that fall inside 
the two or three circles at the same time. A proprietor who is also a member of the family, but not an employee, will 
be in sector 4 that is inside· of the circles of proprietors and the family. A proprietor who works in the company, a 
member of the family, and an ~mployee will be in central sector 7, inside the three circles. In this tnodel, each · 
person who is a member of the system !Jf the family owned company has only one location. 

The three circles model is a very useful tool for the understanding of the source of interpersonal conflicts, dilemma, 
priorities, and limits in the family owned companies. The specified roles and different subsystems helps to knock 
dQwn the complex interactions inside a family owned company and facilitates to verify what is happening and for 
what! For example, the family fight ·on the share policy or planning the successor becomes evident when the model 
of j circles is adopted since it defines the position each participant occupies in the company. A person in sector 4 
(member of the family/proprietor/non-employee) would like to increase the shares, as legitimate forms ofrewards 
for the members of the family thus getting a reasonable return on the investment. On the other hand, a person in 
sector 6 (member of the family/employee/non- proprietor) would like to suspend the shares to reinvest in expansion, 
being able to create better chances in the career. These two people can be sisters, similar in personality and style, 
with an intimate emotional link, that does not hinder that both disagree with the decisions on this questjon. 

Economic and Financial Information 
It is difficult to progress, or even to survive, without an adequate management. This management exercises its 
function, merely using the techniques of operations of any enterprise that are applicable to the administration. 
Recent studies show that the main reason for precocious mortality of the micro and small companies is lack of 
ability to manage the enterprise [12]. 

Many times, the entrepreneur does not have or search information for decision making and, in consequence does. not 
have a clear vision of how to run the business; how much the product costs, the profit margin, among others factors. 
The entrepreneurs of micro and small companies do not have to adopt wrong measures due to lack of planning and 
market knowledge. The entrepreneurs must always be intent, since at present the competent and the creative ones 
only survive in the market. The knowledge of the company and the market needs are fundamental to establish future 
objectives [18]. 

However, a few use the financial informi!tion to manage their companies. Through this information, the 
entrepreneurs will have more security in managing their company. It does-not matter to have equipment and highly 
qualified staff, if the company does not have information regarding the flow of business, day-by-day, and be able to 
revert a situation, if necessary, or keep the shares that favor the company. It is important that the entrepreneur 
assumes modem managerial position, uses management controls, and transforms them into information. Diverse 
management information can and must be used to control the productive process of micro and small companies, to 
know and control production cost, sales price of the product, payments from customers, and payment to suppliers, ·as 
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well as receiving and payment periods, cash flow, inventory control,-performance indices, among other factors that 
can influen~ the final result of the enterprise [21, 2, 15]. 

METHODOLOGY 
This work is characterized as exploratory field research. According to Lakatos and Marconi [14], the bibliographical 
research is not a mere repetition of what already said or written on certain subject, but propitiates to examine a 
subject using new approach and arriving at _innovative conclusions. According to Bastos and Keller·[4], the field 
research aims at suppressing doubts, or getting information and knowledge regarding problems for which one looks 
for solution or search confirmation of the hypotheses and, finally, discover the relations between phenomena or new 
facts and their respective explanations. 

As research instrument a questionnaire was used that consisted of closed questions, applied as personal interview, 
together with the entrepreneurs of micro and small family and non-family owned companies. The chosen city "Sffo 
Vicente do Sul," is located in the central region of the state of the Rio Grande Do Sul and showed interest in 
participation. Seventeen micro company managers had been interviewed, of which 7 are family and 10 non-family 
types._ 

The data were analyz.ed using descriptive statistics and difference in proportion test, with a level of significance of 
5%, 10 verify whether there exists significant difference in the financial management of family and non-family 
owned companies. --

RESULTS AND DISCUSSIONS 
The information on the existing financial management, financial indicators, and cost indicators are presented in 
Tables 1, 2 and 3, and Figures 2, 3 and 4, respectively. 

Table 1: Existing financial management 

Family Enterprises Non-Family Enterprises 
Financial Management Have Do not have Have Do not have 

No. % No. % No. % No. % 

Accounts payable/receivable 7 100.0 0.0 10 100.0 0.0 

Cash flow 3 43.0 4 57.0 6 60.0 4 40.0 
Discount on certificates 3 43.0 4 57.0 3 30.0 7 70.0 
. Lending/Financing 3 43.0 4 57.0 6 60.0 4 40.0 
Investment criteria 0.0 7 100.0 10.0 9 90.0 
Budget: Income/Expenditure ().0 7 100.0 0.0 IO 100.0 

Credit system 5 7L0 2 29.0 7 70.0 3 30.0 

Source: research data (2005) 

In the family owned companies, it is· evidenced that: 1·00% have control on accounts payable/receivable; 43% have 
cash flow that affects financial loans and discount on certificates. None of them have criteria for investment criteria 

· and budget for income and expenditure, and 71 % have credit system. In the non- family owned companies, 100% 
have accounts payable/receivable; 60% have cash flow and loans or financing; 30% have discount on certificates; 
but 10% have criteria for investment criteria; none of them have budget for income/expenditure; and 70% have 
credit system. · 
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· Figure 2: Existing financial management 

Table 2: Existing financial indicators 

Financial Indicators 
Family Enterprises Non-Family Enterprises · 

Have Do not have Have Do not have 
No. % No. % No. % No. % 

Revolving capital 
Management accounting 

Monthly demand 
General control of · 
expenditure 
Profit comparison with 
similar sectors 
Enterprise budget 
Source: Research data (2005) 
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Source: research data (2005) 

57.1 3 42.9 6 60.0 4 40.0 

28.5 5 71.5 2 20.0 8 80.0 

28.5 5 71.5 10.0 9 90.0 

28.5 5 71.5 10.0 9 90.0 

0.0 7 100.0 0.0 10 100.0 

0.0 7 100.0 1 10.0 9 90.0 

■ ~volving capital 

■ Management accounting 

D Monthly demand 

D General control on e,cpenditure 

■ Profit co~arison with ~imilar 

Non- sectors 

Family ■ Fnterprise budget 

Figure 3: Existing financial indicators 

In the family enterprises, 57 .1 % have revolving capital; 28.5% have management accounting, monthly demand, and 
general control on expenditures; none of them have profit comparison with similar companies of the same sector and 
enterprise budget. In the non-family enterprises, 60% have revolving capital; 20% have management acco_unting; 
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I 0% have general control on expenditures, monthly demand, and enterprise budget; none makes comparison of 
profit with_similar companies of the same sector. 

Table 3: Existing cost indicators 

Family Enterprises Non-Family Enterprises 

Cost Indicators Have Do not have Have Do not have 

No. % No. % No. % No. % 

Fixed/variable cost 14.3 6 85.7 2 20.0 8 80.0 

Idle time 0.0 7 100.0 10.0 9 90.0 

Cost of waste 0.0 7 100.0 0.0 10 100.0 

Overtime 2 28.5 5 71.5 0.0 10 100.0 

Rework 0.0 7 100.0 5 50.0 5 50.0 

Return of raw materials 1 . 14.3 6 85.7 0.0 10 100.0 

Source: Research data (2005) 

In the family enterprises, 14.3%.have control on fixed/variable costs and return of raw materials; 28.5% have control 
on overtime; none have control on idle ·time, cost of waste, and re-work. In the non-family enterprises, 20% have 
control on fixed/variable costs; I 0% have idle time control; 50% have re-work control and none have control on cost 
of waste, overtime, and return of raw materials. 
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Family Enterprise 

Source: research data (2005) 

Non-Family Enterprise 

Figure 4: Existing cost indicators 
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The test on equality ratio indicated that there is no significant difference the manner in which the financial resources 
are managed and controlled by family and ~on-family enterprises at 5% level of significance. 

CONCLUSIONS 
The study showed that none of the companies studied, either family or non-family type, have financial indicators 
enough to manage their companies. This, probably, occurs due since the-managers of these enterprises lack 
knowledge on management techniques, availability of resources, and support from government organizations such 
as universities and professional associations. It was observed, also, that none of the companies makes comparison of 
its profit with companies of similar nature, control on waste costs and they do not have proper budget for income 
and expenditure. In the family enterprises, none have investment criteria, enterprise budget, and idle time and re
work control. In non-family enterprises, only one (10%) has enterprise budget and idle time control and five 
companies (50%) have re-work control. · 

75 · 



Proceedings of the 2007 IEMS Conference 

To prevent the high degree of mortality of micro and small companies and guide them to improve their 
economic/financial growth, some actions suggested are as follows: to make cooperation agreements with 
universities, so that they participate in the support programs related to micro and small companies such as 
development of experimental projects that take care of the problems of basic and average education, mainly, that 
relates to-the need for update and re-qualification of workers and better techn~cal capabilities for managers. 

It is suggested to form a flexible network of micro and small companies where the participants could share common 
activities such as man power qualification, marketing, market research, and contract of services and logistics; and 
have advantages and access to technological information, information systems, and technical assistance; acceleration 
of productive processes, remain competitive and reduce costs. 
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. THE CHANGING FACE OF INTERNAL AUDITING: TODAY'S "HOT TOPICS" 

Anna Sargsyan 
Florida Institute of Technology 

ABSTRACT 
This paper examines the "hot topics" list compiled by district and regional representatives of the Institute of Internal 
Auditors at their Leadership Conference in 1990 and updates it with a 2007 "hot topics" compilation for internal 
auditors. · 

INTRODUCTION 
Today's world changes faster than ever before. This rapid transfonnation occurs due to factors such as technology, 
human's desire for new ideas, as well as occurrence of various events that force the environment to change. Several 
examples of such events include issues related to the business world, like the scandal involving Enron, security 
issues that followed the 9-11 terrorist attack, and data security related to technological progress. As a result, this -
transformation affects every aspect of everyday life. · 

. CHANGES IN INTERNAL AUDITING 
Internal A~diting, as a profession, is directly influenced by these changes and has also experienced a paradigm shift. 
For instance in 1999·, the essence of the Internal Auditing definition was modified in order to find be_tter ways to 
respond to clients and business changes. In particularly, the definition has been revised to include terms ·such as, 
assurance, consulting risk management, and governance. The original definition did not provide wide range of 
responsibilities for internal auditors, whereas modified version encourages many more opportunities as part of the 
internal auditors' s~ll set. Under the modified version, internal auditors provide services such as consulting, which 
are de_signed to add value to an organization through advisory activities without impairing traditional audit services. 

In addition, some of the basic terminology has been modified to assure positive association with the internal Audit 
process. In the past, the phrase "internal auditing" may have suggested a presence of wrongdoing that requires 
inspection and leads to trouble. The inspector was seen as a member of internal audit team ( or "auditor") and the 
''troublemaker" was the "auditee". Under the old view of internal auditing, these words left the impression that one 
party was superior to the other and led to an ovelc;lll negative association with auditors. However, in reality auditors 
are not ''watch dogs". The meaning of-their job is not to humiliate an organization; rather, they are there to help the 
organization to achieve its goals and lead to its prosperity. Thus, in order to attain positive association and dismiss 
the perception of superiority in the relationship, the term "auditee" has been replaced with the term "client". 

PAPER FOCUS 
In an effort to further examine some of the changes that are taking place in internal auditing, this paper examined a 
list of "hot topics" compiled by district and regional representatives at the Institute of Internal Auditors 1990 
Leadership Conference. It was then compared to a new list of "hot topics" obtained from a survey of current 
internaf auditing students at a Florida university, in an effort to understand _where the profession is now ~eaded and 
what topics future internal auditors think will be part of their careers. 

THE LIST OF "HOT TOPICS" FROM 1990 
So what is the list of"hot topics"? The list includes topics that influence the profession of internal auditing as well 
as overall business practices. Topics include auditing internationally, computer security function, paperless audit, 
auditing employee benefits, contract compliance, fraud auditing, reducing cost without reducing risks, auditing 
codes of ethics, auditing federal grants, auditors liability, etc. (See Table l for full list.) Some of these topics arc 
still considered to be "hot" despite the years that have passed. This suggests that no matter how good preventive 
controls are established, it is impossible to predict every future change that may lead to a new issue related to a 
specific topic. · · 

For example, back in 1990~ there were controls to prevent fraudulent activities within an organization; however, in 
the early 21 st century, companies like Enron have attempted to override the regulations and conceal frauduleQt 
activities. Enron's case is considered to be "hot topic" of2000's. This event triggered lawmakers to come up with 
controls to prevent future similar scandals, with the end result being the Sarbanes-Oxley Act (SOA) of 2002. The 
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Act, passed by the U.S. Congress to protect investors from the possibility of fraudulent accounting activities by 
corporatio~, includes seven main points: 

1. Establishment of a Public Company Accounting Oversight Board 
2. Strict auditor regulation and control by means of auditing committees and inspecting accounting firms. 
3. Heightened corporate responsibility for any fraudulent actions taken. 
4. Stricter disclosure within company financial statements, and ethical guidelines to which senior fuiancial officers 
must adhere. 
5. Guidelines for analyst conflicts of interest. 
6. Authorities available to the Commission and the Federal Court, as well as required broker and dealer 
qualifications. · 
7. Enforcement methods available for punishment of activities deemed criminal by the Act. (AI CPA, online ). 

TODA Y'S LIST OF "HOT TOPICS" 
As it has been mentioned earlier, some of the topics from 1990 are still considered to be "hot". For instance, topic 
of computer security function is as "hot" as it was in the earlier years. This is related to the rapid technological 
development that introduces more and more security concerns as it evolves.· 

. Additional topics compiled from the internal auditing students surveyed included such issues as: 
' • Auditing of :Airports 
• FEMA Auditing 
• Auditing Military Equipment · 
• IT Controls 

• Emerging Technologies 

• Auditing Codes of Ethics 

• Disaster Recovery Planning 

• Data Security . 

• PC Security 

• Control Design 

• Tax Deductions 

• Oil Subsidiaries 

• Illegal Workers 

• Charitable Organizations 

• Gifl: Card Fraud 
• (See complete list in Table 2.) 

Many of these topics can be clearly identified or.linked to ·a specific event. In particularly, several topics derive 
their importance from the 9-11 terrorist attack; in particular, these include auditing of airports, auditing military 
equipment, finances that flow into the war zone, data security, and to some extent the oil subsidiaries. 

Some of the topics are results of natural disasters that have affected the United States and other countries in the early 
2000's; for instance, these include hurricane disasters ·(which links to FEMA auditing), disaster recovery planning, · 
data security, tax deductions, and c~aritable organizations. 
Other topics are related to technological development that takes place in the world at a very rapid pace. In addition, 

. this fact makes the issues related t6 technology among the top "hot topics" and the most difficult for internal auditor 
skill proficiency and regulation issues. · · 

TOPIC DISCUSSION 
The following section covers a few of these topics in detail. Starting with airport auditing, it is important to mention 
that after the 9-11 terrorist attacks, this been one of the most important issues affecting the majority of the world's 
population, and not just internal auditors. Today, travelers have to pass elaborate and, many times, inconvenient 
procedures before they can board on a plane. Some may argue that it is better to be inconvenienced then sorry; 
others argue that it is unconstitutional to deprive citizens of their rights for freedom. While population is seeking a 
compromise between the two arguments, the government has established security controls to prevent future 
disasters. These controls have increased responsibilities of internal auditors that are employed by the airports. Their 

· jobs include ensuring that established controls are in place and enforced. As well as, by observing and considering 
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both sides of the argument mentioned -above, internal auditors seek improvements that would strengthen the control 
system without increasing the level of inconvenience for the travelers. · 

Another important relativelytecent "hot topic" is data security. In the year 2006, the Department of Veterans Affair 
discovered that one of their employees took home a government laptop to finish his work. Subsequently, the laptop 
that contained personal information of several million veterans and military p~rsonnel was stolen from the 
employee. Although the laptop was recovered by FBI, there is no verification of whether the information has been 
actually exposed or used for scamming purposes. In any case, the issue of compliance with internal regulations was 
overridden by the employee. It also may be true that the organization itself did not strictly enforce the regulations. 
Today, several ·months after the occurrence of the event, the Department of Veterans Affairs is estalilishing stronger 
internal controls that would prevent future loss of confidential information, as well as other computer related 
incidents (Department of Veterans Affairs, online ). 

While it may be true, that auditors are partially responsible for monitoring whether an organization is complying 
with its regulations, several hot topics focus on the process of auditor compliance with their ·own regulations. For 
example, the Institute of Internal Auditors is a separate body that establishes standards and codes of ethics for all 
auditors to abide by. As such, the issue of auditing of codes of ethics is a related topic that has become an important 
part of the internal ~uditing profession. As standards change from year to year in response to the changing 
environment, misinterpretation of standards as well as codes of ethics can be important issues for internal auditors .. 
This also is interconnected to the importance of continuing education for internal auditing professionals so that they 
can stay current on such changing regulations. 

CONCLUSION 
A comparison between the 1990 "hot topics" and the internal auditing student survey shows that there are 29 topics 
that continue to be key topics for today's internal auditing professionals (see Table 3). Most of the topics deal with 
techno,ogy or computer systems, ethics, and fraud. It is not surprising that these topics continue to be focal points 
for the business environment and the internal auditing profession. With the establishment of the Sarbanes-Oxley 
Act, increased challenges and responsibilities for Chief Audit Executives and their internal audit teams have 

· enhanced the role of internal auditors. ·1n the process, the internal auditing profession continues to engage every 
available intelligence resource in the auditing process to serve these continuing needs. While some describe this as a 
brave "new" world for internal auditors, the comparison in this paper shows that it is, in part, a continuation and 
expansion of past challenges and opportunities for .internal auditors. 
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A SERVO SYSTEM: PID CONTROL 

Andrzej J. Gapinski 
Penn State University 

ABSTRACT 
The proportional, integral, derivative (PID) control is used quite extensively in industrial control systems. The 
controller by Galil Motion Control Inc. is applied in a PID control of a de servo closed loop system. 

SERVO SYSTEM 
A servo system used here is based on a DC servomotor controlled by a DMC-1414 Motion Controller by Galil 
Motion Control, Inc (reference 1). A servo system drives a lead-screw assembly (see reference 2, figure 5). A few 
similar systems were setup for the electrical machinery course in an engineering technology program in which 
students investigate various motion modes and profiles. 

PIDCONTROL 
PID (Proportional, Integral, Derivative) control mode is a form of a control used in a feedback based control systems 
·(see references 3,4,5). PID controller generates output signal to control the action (behavior) ofa device/plant · 
according to performance specifications. The controller receives input, which is a difference, in control parlance
control error, (e), between desired value (set-point or reference, r) and actual measurement (y) provided by a 
feedback signal from a device to be controlled. PID controller generates output (u), which is proportional to, integral 
and/or derivative of an error. See the figure I. · 

· Set point ( r ) . Error (e) Control 
PID Controller Device/Plant 

Signal (u) 

Feedback (y) 

Figure 1. Feedback based control systein. 

Objective of PID control is to minimize the er_ror over time. Naturally, a PIO control system is usually designed to 
control a specific device/plant. In order to provide optimal conditions for control, proper selection of PIO parameters 
is required, which is called "PIO Tuning." · 
The PID algorithm, analytically, is depicted by: 

where: 
u(t) is the output of the controller 
e(t) is the control error, e = r - y 

. . di (t) 
µ(t) = Pe(t) +If e(t)dt +D :, (I) 

P, I, Dare controller parameters for proportional, integral and derivative gains, respectively. 

The selection of PIO parameters: P, I, D, decides about system response with regard to stability (gain and phase 
margin), responsiveness/sluggishness (overshoot, settlin_g time, etc.), etc. (see references 3,4,5 for details). 
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TRANSFER FUNCTION OF A DC MOTOR 
General model of a de motor has been known and used in technical literature for the purpose of analysis and design 
for a long·tune: Here, it assumed that the Land R represent the inductance and resistance of the motor's armature 
circuit. Shaft angle, 8, labels position, and v and i denote voltage and current. J and B represent the motor and load 
inertia and viscous friction on the· shaft, respectively. Kf and Kt are coefficients associated with the generated back 
e.m.f. ( ele_ctromotive force) and torque (see ref. 6). 

. di d0 
Rz+L-=v-Kf- (2) 

dt dt 

. d 20 d0 
Ktz = J-- + B- , with T (torque) = Kti (3) 

dt 2 dt 

By taking Laplace transform, and solving for transfer function between voltage, V, and position, 0, one gets 6: 

0/V= . , .. . · Kt . . 
(Js 2 + Bs)(Ls + R) + KtKfs 

Kt I JL (
4

) 

s(s 2 +(BI J +RI L)s + BR I JL + KtKf I JL) · 

Assuming B ~.O, the above equation simplifies somewhat and is used by Galil system1
• 

. CLOSED LOOP SYSTEM 
The controller1 consists of a digital filter, zero-order hold (ZOH), and digital to analog converter (figure 2). 

) 
Digital Filter ZOH DAC 

CONTROLLER 

Encode 

· Figure 2. Closed loop system with de servo. 

The digital filter has a transfer function: 

H ( z) = K ( z - A) I z + Cz I z -1 (5) 

Where K = (KP + KD) 4, A = KDl(KP + KD), C = Kl/2, and KP, Kl, KP - DMC-14 PID control values. 
The digital filter, H(z), is equivalent to_ the continuous-time filter with PIO values1 (equation 1) given as follows: 

P = 4KP, D = 4T KD, I= KJ/2Twith sampling time ofT. 

The zero-order hold, ZOH, models the impact of the sampling process: 

H(s) = 1 I (1 + sT I 2). (6) 

82 



Proceedings of the 2007 IEMS Conference 

The digital to analog converter, DAC, a component of the controller,. converts a 16-bit number to an analog voltage. 
The servo system may operate in one of the three modes 1: 

• Voltage Source 
• Current Drive 
• Velocity Loop. 

The transfer function of the motor, equation (4), simplifies when current and velocity modes are used. 
For current mode, one has 1: 

E> N = KaKt/Js"2, 

and for velocity mode1
: 

roN = 1/(Kg(sTI +I)), where velocity time constant Tl = J/KaKtKg. 

The system consists of (see figure 5): 
• Galil's DMC 1414 Coµµ-oller 

SYSTEM DESIGN 

'• PM Servo Motor by CMC Clevel~d Motion Control PM model ME 2130-198B 
• Lead Screw assembly. 

System data are-as follows: 

Motor: P/1 = Kt/Js = .l/2xl0"-4 s"2 = 500/s"2 
Current Amplifier Gain = 2 A/V 
DAC: l{d = 10/32768 
Encoder Kf= 4N/4Il = 636 
ZOH H(s) = 2000/s+2000. 

_ The open loop gain, T(s), without the digital filter~ G(s), is: 

T(s) = 3.88xl0"5/s"2(s + 2000). 

G(s) is selected so that the overall open loop gain O1:.(s) = T(s)G(s) has a crossover frequency of 500 rad/sec and a 
phase margin of 45 deg. The system is stable as long as a phase margin is positive. For a well dumped overall 

· system, phase margin should be between 30 and 45 degrees. 

This implies that 

ITG500)1 = I and 
Arg(TG500)) = -135 deg based on fact that PM= 180 + arg (AG500). 
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Figure 3. Bode plot ofT(s). 

To select a filter, G(s): 

G(s) = P + sD + 1/s 
so that the OL(s) has crossover frequency m = 500, the function would have a magnitude: 

IGG500)I = IOL{j500)/fG500)1 = 1327 ~7 and a phase angle of 59 degrees. 

Thus, we have: 
IGG500)I = IP + j500D + I/j5001 = 1327. 7 

and a phase GG500) = 59 deg. 

Neglecting the contribution of an integral factor, I = 0, we have: 

P= 1327.7 * cos 59 = 683.8 
D = 1327.7 * sin 59 I 500 = 2.276 

So, we have: 

G(s) = 683.8 + 2.276s 

The analog filter is equivalent to th~ following digital filter: 

D(z) = 4*KP + 4*KD(l-z"-l) 

where, 
KP= P/4 and KD = D/4T. With T =lms, KP= 170.95 KD = 569. 
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For an overall open-loop gain: 

OL(s) = (883,553.228s + 265,439,938) I ( s/\3 + 2000sl\2) 

we have the following Bode plot (figure 4): 
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Figure 4. Bode plot ofOL(s). 

Various stages of the design, testing, and performance of open and closed loop system are displayed in appendix -
figures 6-10. . 
Values of P,D,I parameters of an analog filter b~ed on KP,KD,KI parameters of optimal digital filter (figure 6) 
selected by Galil software are: 

P = 4KP = 317; D = 4TKD = 2.37; I= KI/2T = 15265. 

Then the OL(s) = (919995.lsl\2 + 123054201.2s + 5925622501.4)/(s"4 + 2000sl\3). The Bode plot is on figure 10. 

CONCLUSION 
A servo system with DMC-1414 controller by Galil Motion Control was used in electrical engineering technology 
program as an application of a PID control. The servo set-up served as a vital learning tool for control of de motor in 
a closed loop control system ( see figures 6-10 for responses of open and closed loop, stability tests, PIO tuning, 
etc.). 

The motor drive set-up incorporated digital and analog processing, programming, PIO parameter selection to 
optimize an overall system operation. 
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APPENDIX 

Figure 5. The servo system. 
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Figure 6. PID parameter tuning with Galil's software. 

Figure 7. Motion profiling. Galil software. 
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Figure 8. Closed loop frequency response. Galil software. 

Figure 9. Absolute stability test. Galil software. 
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Figure 10. Bode plot ofOL(s). 
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THE DESIGN, DEVELOPMENT AND TESTING OF A _MULTI-PROCESS 
REAL-TIME SOFTWARE SYSTEM . 

·Marlin Gendron and Maura Lohrenz 
Naval Research Laboratory, Stennis Space Center 

ABSTRACT 
Real-time data acquisition systems that ingest and output data at very high rates require computer software that is 
written to be efficient and robust. This paper discusses the design and development of a collection oT separate 
software applications that work together to gather, analyze, process, and display high-ping-rate sonar data. 

INTRODUCTION 

Booch (1983), one of the leading pioneers in software engineering, states that developing ~d completing an 
efficient, reliable and understandable software system can be a Herculean task,. especially when the system is large 
and operates in .real-time. Booch also says the creators of such systems must act as part scientists, part artists, and -
must develop smaller individual software components separately to realize the larger system. 

MacLennan (1987}, from the Naval Postgraduate School, agrees with Booch when he states that much of the 
difficulty of programµiing large systems stems from the complexity of dealing with many different details at one 
time. A sound engineering approach is to break the whole system down into smaller manage~ble parts ~d develop 
algorithms and data structures to solve the parts separately. · 

Over the past few years, the volume of data produced by high-resolution sonars has increased dramatically, and 
processing of the sonar data has become more complex (Reed, 200 I; Cronin et al., 2003). The Naval Research 
Laboratory (NRL) has developed complex software systems, using the separate-design approach described above, 
that are capable of acquiring, processing, and displaying large amounts of data as it is being collected, i.e., in real
time. 

This paper describes the design, development, and testing of one such system that collects, processes, and displays 
data from multiple high-ping-rate sonars simultaneously. This system includes NRL-developed automated 
algorithms capable of aiding sonar analysts to more efficiently perform complex, time-consuming tasks, by 
presenting helpful visual cues to the analysts as the sonar data is being displayed. Sonar analysts are aided in such 
tasks as I) clutter detection, 2) bottom roughness estimation, 3) object detection and 4) change detection. 

SYSTEM DESIGN . . 

Before software development started, NRL identified the most important requirements of the system: 

All processing and displaying of sonar data must be successfully accomplished on one· computer. 
Data must be simultaneously acquired from multiple sonars at a high ping rate. 
Preproces~ing tasks (e.g., deconvolution, beam forming, and bottom detecti<>n) must be performed on the· acquired 
sonar data as it is being collected. · · 
Processed sonar data must be displayed to analysts in real-time. 
Automated processes such as Computer-aided Detection (CAD), Computer-aided Classification (CAC), and Change 
Detection algorithms must be executed in real-time (i.e., while sonar data is being displayed). · 
Target information must be displayed in two-dimensions (2-D) and, if possible, three-dimensions (3-D). · 
Sonar and target locations must be tracked and plotted on a separate display. 

Because the entire system, with all its functionality, must execute on a. single computer while acquiring data from 
multiple sonars operating at a high ping rate, NRL chose an Intel-based computer that houses multiple (at least four) 

, Central Processor Units (CPUs). The Linux operating system (OS), based on UNIX, was chosen because it supports 
Symmetric Multiprocessor (SMP) operations, allowing computing tasks to be evenly distributed over all CPUs, thus 
maximizing the entire throughput of the system. 
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Examining the initial requirements, NRL determined that the system -would need at least three separate Graphical 
User Interf~ces (GUls). The GUI language Qt, from the company Trolltech, was chosen because it 1) supports the 
programming languages C and C++, in which all the preprocessing and automated algorithms are written, 2) 
provides many user-friendly GUI controls and 3) is portable to other OS platforms such as Microsoft Windows. 

Next, to reduce the complexity of the programming tasks, the system was divided into separate executable 
processes, which are individually controllable (Deitel, 2004). Memory space for storing data is normally local to the 
process that created it, and one process cannot naturally communicate with another. There are several specialized 
methods of Interprocessor Communication (IPC), in which separate processes can access common data and 
communicate with each other. NRL investigated these methods to determine the best data-sharing and 
communication methods to meet the seven requirements listed above. 

UNIX allows common data to be accessed by all processes using methods such as Message Passing (MP), UNIX 
Pipe, File Input/Output (IO), and IPC shared memory. In MP, each process has its own private memory, and the 
processes are connected, usually with a communication protocol called sockets. To send data from one process to 
another, the sending process must construct a message, reformat the data, and send the message packet to the other 
processes via sockets. MP is often slow and involves a lot of overhead (Stevens, 1999). 

A UNIX Pipe is a uni~irectional 'data flow between two processes. Forming pipes can be a complex operation and 
result in data fragmentation or the complete· loss of data (Stevens, 1999). 

Passing data via File IO is simple. One process writes the data to some device, such as a hard drive, and another 
process retrieves the data. The target process· must somehow know to access that device ·and read the data. This 
requires the target process to poll the device (periodically checking to see if data values have changed) or 
communicate with the sending process in some way. Reading and writing operations to and from a device is often 
slow. 

For actual data movement, IPC shared memory beats everything hands down, because no copying or reformatting of 
the data is required in most cases. An exception to this is addressed later in this paper. Because shared memory is 

. the fastest form of IPC available (Stevens, 1999), NRL chose it as the primary means for sharing data among all 
processes within the system. UNIX provides IPC functions to create, control, and destroy shared-memory segments, 
identified by unique key values and memory addresses. 

Using shared memory, separate processes still must somehow know whether or not common data has changed and, 
if so, what action to take upon the changed data. Data polling, mentioned above, can greatly slow down processes 

· depending on how often the process has to check to see if common data was modified. A good method for one 
process to quickly notify another process of a change is to use UNIX signals. When a signal is sent from one 
process to another, a communication record for each process (stored in shared memory) contains a field telling the 
receiving process what action to take. Figure l _ shows the chosen architecture for the system. 
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_ Figure 1. Chosen architecture for real-time data-processing and display system. 

Allowing each process to create and destroy shared memory complicates the overall system and can contribute to 
data corruption. To alleviate this problem, the NRL system is comprised of one primQI"Y process, called the Process 
Manager (PM), ·which creates and destroys all shared memory used by all other (secondary) processes. The PM also 
executes and terminates the secondary processes. 

For this syste~ the PM controls five secondary processes (figure 2): 1) an IO Process responsible for data 
acquisitionand preprocessing, 2) a Display (DISP) process responsible for displaying the sonar data, 3) a Navigation 
(NA V) process that shows the sonar locations related to targets, 4) a Computer-aided Detection (CAD) process that 
automatically detects targets and 5) a Computer-aided Classification (CAC) process that automatically classifies the 
targets. 

/ ...... 

("' Inter-process ·-...'i 
} communication l 

\, via Signals ~: ·,., ______ .• / 
Sonar 1 raw pings 

Sonar 2 raw pings Acquisition .,._ _____ .. · Process 
Sonar N raw pings 

alllll!:IBIIDlllll!laCIII 

Figure 2. System diagram of the NRL real-time sonar data processing system. 
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SHARED MEMORY-
The PM process and all secondary processes maintain separate link-lists to simplify the tracking and destruction of 
all shared memory variables. These link-lists contain the following fields: I) shared-memory key, 2) shared
memory identifier, 3) address to the shared memory, 4) data size of the shared memory, and 5) data length of the 
shared memory. 

Two functions are provided to create and add nodes to each link-list. Because each process has its own link-list, 
operations performed on each does not affect the link-lists of other processes. NRL provides several other link-list 
operations that contain IPC shared-memory function calls, which can affect other processes. Because all shared
memory variables have a unique key determined at compile time, and all processes are aware of these keys, 
functions that destroy, create, and use shared memory can operate directly on memory shared by all the processes. 

NRL decided to utilize the One Producer/Many Consumer (OP/MC) data model. Only one process, the producer, is 
allowed to write to a shared-memory location. The producer sets a write-lock while writing to shared memory to 
prevent a consumer process from reading the data at that location before it is ready to be rea~ thus preventing data 
corruption. Consumers set a read-lock at the read location preventing other consumers from reading at the same 
time (figure 3). 

Read ( with lock) 

Figure 3. OP/MC model interfaced with shared memory 
utilizing read and write locks to prevent data corruption. 

If the consumer is busy reading shared memory, the producer will have to wait until the consumer is finished before 
more data can be written to that location. To alleviate this problem, NRL designed circular shared-memory queues 
(figure 4) allowing the producer to continuously write new data to the queue as long as the queue length is sufficient, 
based on the reading speed of the consumers. 
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QUEUE 

,,-_, · 

I Write1ock I 
I Read lock I 

·I Writelock I 
I Readlock I 

J Write lock I 
I ReadJock I 

Figure 4. Depiction of a circular data queue that holds processed sonar data . 

. The producer writes to the next available position in the queue. After the producer writes to the last position in the 
queue; the next write will occur at the beginning of the queue. There are several issues to consider: 

If the producer is writing data to the queue faster than a consumer can read it, then the consumer will lose data. 
The queue can be made longer to help alleviate the· problem, but as the queue gets longer, the consumer will fall 
further behind, causing data lag. 
There is an upper limit to the size of a queue, determined by the c9mputer resources and OS. 

The queues contain a unique record count, number of consumers using the queue, producer queue position, queue 
size, and a read/write lock array. Each location containing data within the queue is given a unique record number. 
The next available record is determined from this record count. After a record number.is assigned, the record count 
is incremented by one. 

The last field in all the queues· is the data record. This system uses queues to store Global Position Systein (GPS) 
data, processed data, and target data. The data record for the GPS queue might contain fields such as latitude 
(LAT), longitude (LON), heading, and time. . 

In addition, each consumer is allocated a record that tracks their current position in a queue along with the current 
record number. The length of each queue is important and is normally determined when tuning the system for 
maximum throughput. Typically, the length of the processed data queue ( which is updated many times per second) 
is around 40 data records, whereas the length of the GPS queue (which is only updated once per second) is only of 
length 2 . 

.As mentioned earlier, IPC shared memory is fast because no data copying is necessary for most operations. One 
exception is the case in which one process has to modify shared data but not affect how it is used by other processes. 
NRL utilizes special functions, called copy functions, which allow producers and consumers to specify which fields 
in a queue data record will be written to ( or read from) and which to ignore . . Below is an example of a copy function 
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that reads from the GPS queue. The consumer calling this function only needs LAT and LON values from the GPS 
queue data record and chooses to ignore other fields, such as heading. 

GPS *gps_copy (GPS *dest, GPS *src) 
{ 

I* 

*/ 

} 

dest->lat = src->lat; 
dest->lon = src->lon; 

float heading; 

return (~est); 

Figure 5. · GPS copy .function in which only LAT and LON are copied and heading is ignored 

Copy functions allow producers and consumers to write and read faster because not all fields are needed in every 
situation. Note the field(s) between the C comment markers(/* and*/) are not copied in this function (figure 5). 

TESTING 

After all the processes were developed, except the 3-D display, NRL assembled the components and developed the 
PM, shared memory queues, and signal communication. A sonar data simulator was built to test whether or not the 

_ complete system could function on a single computer, with multiple sonars outputting data at very high pings rates. 

The simulator allowed NRL to conduct software-perfQrmance tests without actually having to interface with 
expensive sonars or conduct the tests in a water environment. The simulator sends a ping of data then waits before 
sending the next. The wait time can be adjusted to increase .or decrease ping rate. 

NRL decided that the initial test would involve interfacing the system with multiple simulators, running 
simultaneously, to measure the maximum ping 'rate the system could handle without experiencing data lag or loss. 
A test would be considered successful if the system could remain stable with all simulators outputting data 
simultaneously at a pre-determined ping rate. 

The test was conducted, and the simulators were increased.to more than the required ping rate. The system 
remained stable and was able to preprocess all sonar data, display the data, and perform CAD and CAC operations at 
the high data rate. Due to the successful test, NRL is now developing the 3-0 display process and in the next few 
months will incorporate that process into the system and repeat the performance test. If the test is unsuccessful, the 
3-D process will not be included in the final version of the system. 

CONCLUSION 

Real-time data acquisition systems that ingest and output data at very high rates require efficient and robust 
computer software. Developing smaller individual software components separately to realize a larger system is a 
common and effective method. NRL has developed and tested a complex software system using this approach, 
which is capable of acquiring, processing, and displaying data from multiple sonars at a high data rate. 

A simulator was built to output previously-collected sonar data at the required data rate. NRL conducted 
performance tests that demonstrate that the current software implementation was sufficient to meet all design 
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criteria. Because not all secondary processes have been fully implemented, especially the 3-D display, further 
developmeQt and testing is needed to determine how these modifications will affect overall system performance. 
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BALANCED COIL DETECTOR MODEL SIGNAL GENERA TOR 

Ronald P. Krahe 
Penn State Erie 

ABSTRACT 
This paper presents a new model of a balanced coil detector. The implementation generates a variety of signals 

· based on model parameters. The signals are used to test new detector algorithms during the early stages of algorithm 
development. First, the physical parameters of the base system are discussed and related to the model. Second, the 
model performance is described for various detector configurations and objects. 

INTRODUCTION 
Commercial and industrial balanced coil metal detectors are used to detect very small pieces of tramp metal in 
various products such as fresh fruits and vegetables; candies; processed, frozen and packaged foods; bulk foods; 
clothing, cloth, thread and fiber; pharmaceutical products; and may more. Items as large as timber logs and skids of 
bulk fiber, and as small as pills and capsules are processed [1-4]. Tramp metal objects include nails, staples, needles, 
wire, fasteners, broken machinery, parts, ties, bands, foil, shavings and the like. Products are often carried through 
the nretal detector hea4 on a conveyor belt, or in a pneumatic tube, or by gravity. Pieces of tramp metal as small as · 
0.5 mm [20 mils] diameter are routinely detected, and there is constant pressure by customers to. detect even smaller 
metal particles. 

Balanced coil metal detectors consist of an aperture through which products are passed. There are three parallel and 
equidistant coils wrapped around the aperture, one transmitter coil in_ the center and two counter-wound receiver 
coils on either side. (See Figure 1.) An AC sine wave current in the frequency range of I0kHz to I MHz is passed 
through the transmitter coil. It creates electro-magnetic fields that directly strike the receiver coils to create large 
balanced voltages, and are also reflected off objects which pass through the aperture creating much smaller 
unbalanced voltages. The large balanced voltages are cancelled in the counter wound receiver coils, while the 
smaller unbalanced voltages induced by the object can be filtered, amplified and detected. · 

Figure 1. Detector Bala~ced Coil Configuration 

The detectors are designed to recognize and ignore product signals, while still being able to recognize and detect 
tramp metal signals, and to reject the tramp metal along with the contam.inated product from the stream of products 
passing through the aperture. The induced voltage signal reflected from the objects is the same frequency as the 
transmitter current, but the voltage amplitude and phase shift vary considerably. (See Figure 2.) Voltage signal 
characteristics for all the various configurations are usually determined empirically. 
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Transmitter and Receiver Signals 
-Trenomolt11 
-·••Rec-

o.s 1.5 2 2.5 3 3.5 A.5 

100kHz Sip time (50 uSec) 

Figure 2. Relative Amplitude and Phase of Receiver Signal vs. Tim~ 

Some of the parameters of the balanced coil detector that affect the receiver voltage signals include transmitter and 
receiver coil shape and diameter or rectangular size, the coil spacing, and the transmitter current and frequency. 
Some of the parameters of the objects passing through the aperture that affect the receiver signal include the size and 

. shape of the object, the x-, y-, and z-position of the object relative to the transmitter and receiver coils, the material 
of the object especially its conductivity, permeability, and permittivity. The receiver signal voltage amplitude varies 
as the signal passes thru the aperture forming a wavelet as shown if Figure 3. 
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Figure 3. Receiver Signal Voltage Wavelet 
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New detectors and detection algorithms are developed by studying the ·signal patterns of various objects including 
both produc~ and tramp metal. In an effort to simplify the process of designing a new metal detector, a basic model 
of the detector configuration was developed. The purpose of this paper is to describe one such model based on the 
detector geometry and object position relative to the detector. Using this model can result in reduced cost of initial 
prototype fabrication and development testing. 

THE MODEL 
Signal Wavelet Pattern 
· The strength of the transmit signal decreases as distance from the transmit coil to the object increases. This can be 
modeled using the inverse function of distance raised to a power. The rate of signal variation and the shape of the 
resulting curve are dependent on the power of the distance. A representative sample is shown in Figure 4. 

> 

Y = 1 / (1 + abs (Xn) ) 

1 ....... . . ..... . , .. .. •... .. . . ...•. . .. •. . .. ..........•.. ••. . . .... ........ . . 
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··· ·· ·· ---n= 2 

.. .. ..... n•3 
- n=4 
- -- n=5· 
··•· · n:s8· 

... i~~;~•-~.:-:-----------------
-10 -2 0 

X 

Figure 4. Transmit signal strength Y at a distance X. 

10 

The strength of the received signal also decreases with distance between the object and the receiver coil, and again 
the wave shape and variation with distance are dependent on the power of the distance. 
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Y = 1 / (sqrt(1 + X2))" 
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Figure S. Receiver Signals 
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The transmitted signal reflected from the object arrives at each of the two receiver coils with different strength 
depending on the distance from the object to each receiver coil. The polarity of the received signals is opposite 
because the receiver coils are counter wound. The resultant difference signal compares favorable with the actual 

. signal wavelet and is shown in Figure 6. 
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Figure 6. Differential Receiver Voltage Signal 
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Coil Geometry and Object Position 
The model g~ometry projected in two dimensions is shown in Figure 7. The receiver coils RI and R2 are equidistant 
from the transmitter coil, and are space di apart. The coils have a radius d3. An object is located at a distance d2 
from the transmit coil, and a distance d4 from the centerline of the coils. The direction of motion is left to right. 

dlH 
r----------------------- -----------------------7 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

l d4 : 
j------ oomcr- B ~ ---- - - --T dJ---------------1 

. L_----" d2 bJj ~ _l_ ________________ j 
Figure 7. Model Geometry 

Equations 
The relationships can be combined to form a model based on the generalized equations shown in Figure 8. 

/1,/2 = (d2 ±· d1 )2 + (d3 -d4 )2 
' 2 . 

lwl = k *(/
1
-n_-/

2
-n) 

; _=I~<;. 
Figure 6. Generaliztd Model Equations 

MODEL SENSITIVITY 
Signal Variations vs. Coil Radius 
The amplitude of the received signal decreases quite dramatically as the coil radius increases. 
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Y = f(c,r,n,x) n = 3 
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Figure 7. Receiver Signal Variation vs. Coil Radius at Two Coil Spacings 

Variations of Coil Spacing 
With a small coil radius, the receiver signal amplitude decreases with increasing coil spacing as shown in Figure 10. 
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Figure 8. Reeeiver Signal vs. Various Coil Spacings, Small Radius 

However, with a larger coil radius, the receiver signal amplitude increases with increased coil spacing up to a point, 
then begins decreasing, as shown in Figure 11. 
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Figure 9. Receiver Signal vs. .Various Coil Spacings, Large Radius 

CONCLUSION 

10 

A basic model of a balanced coil metal detector is presented, along with the sensitivity of the model to parameter 
variations. The model was.shown to conform to test data of actual detectors. With proper selection of model 
parameters, the performance of a actual detector can be simulated. Use of the model can be used for initial design of 
coil geometry, and can save the time and expense of.building actual models. 
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REMOVING EFFECTS OF VARIABLE SPEED IN A SIGNAL PROCESSING ALGORITHM 

Ronald P. Krahe 
Penn State Erie 

ABSTRACT 
Individual objects passing a balanced coil detector produce unique signals. Multiple objects passing simultaneously 
or in a staggered. fashion result in a combined signal. Signal patterns for various individual objects and combinations 
are investigated. The effects of object size, shape, orientation, position, material and speed of motion "'are discussed. 
A signal processing algorithm is proposed which discriminates various objects by removing the effects of variable 
speed. 

INTRODUCTION 
Balanced coil metal detectors can be used to monitor a stream of product to detect minute particles of tramp metal 
(1-4]. A balanced coil metal detector consists of three identical, parallel, and equidistant coils arranged along a 
common axis. Ail AC sine wave current in the center transmitter coil radiates an electro-magnetic field. The voltages 
induced in the two counter wound receiver coils are equal and opposite, and cancel each other out. When a 
conductive object is brought near one of the receiver coils, it distorts the field and effectively reflects a signal back. 
to the receiver coils producing a sm~ll voltage of the same frequency ~d possibly shifted in phase. 
The received signal ·amplitude and phase are dependent on several factors. These include the g~ometry. of the metal 
detector itself such as the size, shape and spacing of the coils, as well as the transmitter frequency and current. The 

· received signal .is also affected by the size and shape of the passing object, the position of the object relative to the 
coils, the speed of the object, and the material properties of the object, especially its conductivity, permeability, and 
permittivity. The phase shift of an individual object passing through the aperture of the detector is relatively 
constant, however the amplitude varies with time and with the distance of the object to the transmitter coil producing 

· a unique wavelet signal. 

A basic model was developed to aid in designing the balanced coil detector and related detection algorithms that 
took into account the coil geometry and object position. It also assumed a relatively small object in relation to the 
coil size and spacing. Prior knowledge of the object characteristic wavelet phase and amplitude were necessary to 
implement the model. The phase and peak wavelet amplitude can also be represented in a phasor diagram as shown 
in Figure 1. 

Transmitter and Receiver Signals 

I 
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. ' I .. • 
. : I .•. 

E==:J 
~ 

········ ··· ········· ········----

100 kHz Frequency Phase 

· Figure 1. Receiver Wavelet Phase and Peak Amplitude 
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NEW MODEL 
In order to account for larger objects and for multiple objects, as well as the object material properties, a new model 
was developed. A two dimensional representation of the detector coils along with two objects are shown in Figure 2. 
Here, the basic model is expanded to integrate around the coils and ali the objects. The geometry of the objects is 
also accounted for. 
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Figure 2. Expanded Model Parameters 

The phase of the received signal relative to the transmitter signal is affected by the material properties as shown in 
Figure 3. The conductivity, permeability, and permittivity of the object affects the phase of the received signal. 

" ,, cr 

. "e" "µ" 

Figure 3. Phase Relationship ()f Object Material Properties 

The vector magnitude changes with object size and position. The phase also changes with object size and material 
properties, as shown in Figure 4. The phase relationship of various materials overlap. The detector filters and 
amplifiers must be calibrated to determine absolute values .. The absolute speed can be variable and is usually 
unknown. 
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Figure 4. Various Object Signal Pbasors 

Metal obje~ts are generally small relative to the coil geometry, whereas products are relatively large. Wavelets of 
metals and conductive products are predominantly affected by conductivity and possibly permeability: Tramp metal 
wavelets tend to be tall and of relatively short duration. See Figure 5. 
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Figure 5. Small Metal Object Wavelet 

Wavelets of bulky and resistive products are usually affected more by conductivity and permittivity, have a 
distinctive phase, and appear squattier and stretched over a longer period of time as shown in Figure 6. 
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Figure 6. Large Product Wavelet Signal 

Two or more objects in close proximity traveling through the aperture together produce a combined signal as shown 
in Figure 7. The relative size and shape of the resultant signal provide indication of the speed and can thus be used to 
differentiate product and tramp metal. 

Combined Metal and Product Signal 

-21 0 21 
O~Z-posilion 

CONCLUSION 
The expanded model allows investigation of balanced coil detector signals using simulation rather than building and 
testing actual units. It includes the geometric properties of the coils, as well as geometric and material properties of 
the objects. Using this model saves tinie and reduces cost during the development phase of various new algorithms, 
including the removal of variable speed effects. 
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HANDS-FREE WIRELESS AUTOMATIC GARAGE DOOR OPENER 

Rasoul Saneifard, Tyrone Greaves, Tamela P9rter, Jason Robinson 
Texas Southern University 

ABSTRACT 
This paper describes the design of a keyless, wireless, hands-free, automatic garage door opener that operates the 
door (without any human interaction) as the vehicle approaches or exits the garage. Since the cost of existing garage 
door openers is relatively inexpensive due to technological advancement, a touch-free model may be cost-effective 
as well as convenient, especially for people with physical limitations. Also, in case of system failure and as a matter 
of necessity, the garage door opener illustrated herein has the capability of manual operation. In this endeavor, only 
the transmitter and receiver were simulated and constructed by senior students utilizing their knowledge of 
electronics and engineering in a control systems class that may result in an efficient, cost-effective, and marketable 
desi~. 

INTRODUCTION 
Due to convenience or necessity, many consumers may appreciate the availability of an innovative, touch-less, and 
possibly cost-effective ~~tomatic garage door opener as the vehicle approaches or departs the garage. Extensive 
research discovered that the majority of today's garage door openers are operated through the use ofa remote 
wireless controller that requires human physical interaction, therefore, the design described herein is unique. 
Utilizing the latest technology, problems associated with individuals' limitations and desires are addressed in this 
project in an inexpensive manner. 

Prior to proceeding, several different ideas were considered, the first of which was EZ Tag technology, as it could 
possibly be used for this purpose.- The EZ Tag system incorporates a scanner that "reads" a barcode placed on the 
inside of a vehicle traveling on a freeway. For this project, a barcode could be installed in a car window and a 
barcode scanner attached to the garage door opener inside the garage. The second idea was to place two sensors in 
the ground within several feet of the garage that would be activated by a sensor located underneath the hood of a 
~ehicle. These sensors would transmit two signals at different angles to a receiving sensor attached to the motor 
controller of the garage door opener, hence opening/clo~ing the door with no human interaction. The third idea was 

. the application of an ultrasonic sensor which is described herein [2]. 

DESIGN AND IMPLEMENTATION 
As part of the design process, certain constraints had to be taken into consideration. First, the cost of the necessary 
materials could not exceed a certain amoUI)t, as the· designers of this project are college students with a limited 
budget. Another limiting factor was that the operation of tJ}e ultrasonic sensor must comply with the design 
objectives. 

Subsequently, the designers utilized an ultrasonic· switch with a transmitter (tweeter) that emits a pulse having a 
frequency above 20 kHZ, a sound level out of the range of human hearing ability. To ensure that the two ultrasonic 
sensors of the transmitter and receiver coordinate with one another, an oscilloscope was used to test the pitch of the 
emitted signals. Also, the design had to incorporate the capability of manual adjustments in case the operator 
desired to change the distance at which the sensors on the car and garage door opener would coordinate with each 
other. 

The chosen ultrasonic sensors have various advantages. Since the intended use is in conjunction with a garage door 
motor and controller, its level of sensitivity to dust, dirt, and high moisture environments must be minimized, as one 
sensor will be installed inside a garage. Also, the sensors are not affected by target material such as surface, color, 
or surrounding light levels. In addition, the sensors must have a long range of detection to accommodate a variety of 
driveway areas [2, 3, 5]. 

After extensive research and accumulation of data, the materials and components necessary for implementation were 
collected. Two ultrasonic switches, numerous resistors with different values, diodes, IC2CA3140, a nine-volt 
battery, and a 555 timer were utilized. The. 555 timer was chosen as it produces the correct frequency needed to 
serve the purpose of the project. One ultrasonic sensor was used as a transmitter/tweeter powered by a nine-volt 
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battery with its positive end connected to an on-off switch. Then, a set of resistors were connected to a 555 timer, 
which in turn, was attached to a set of diodes and transistors. Following two other resistors, the sensor was 
connected, and the circuit' s op_eration tested using an oscilloscope, as depicted in Figure 1 (circuit simulated using 
Multisim) [I, 2, 3, 5]. 
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. Figure 1. Ultrasonic Transmitter Schematic (2, 4, 5, 6] 

Once assembled, 'the transmitter circuit is to be placed inside a garage, attached to the motor box of a garage door 
opener-controller, to emit a signal to the other receiving sensor as shown in Figure 2. 
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Figure 2. Ultrasonic Receiver Schematic (2, 4, 5, 6] 

After considerable testing and re-testing the transmitter/receiver circuits, the results confirmed its successful 
operation. The authors did not test the circuits on an actual garage door nor construct the mechanical components of 
the garage door opener. However, only the transmitter and receiver were simulated and implemented with desirable 

, results in a laboratory setting. 

In the circuits described above, some assumptions were made in order to derive approximate values of RI and R2. 
The ultrasonic switch required a 40 kHz frequency to become operational. To determine which two resistor. values 
will produce this frequency, the total amount of time was calculated using the following equations: 
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t LO = 0.693R1C 

IHI = 0.693(R1 + R2 )C 

DUTY CYCLE= 

FREQUENCY= 
(tw +tm) 

1 1 
T=- ⇒ 3 =25µs 

f 40*10 

25 µs is the amount of time required for the high and low periods that produce the correct frequencies needed to 
operate the tweeter to emit ultrasonic signals. The two periods were mathematically determined by the following 
equations: 

7i +T2 = 25µs 

T2 = 37i Assumed 

47i = 25µs 

7i = 6.25µs 

T2 = 18.75µs 

Based upon the values of Ti and 7; the two resistor values were calculated to produce the corresponding 1cw> and 

7<HJ) times as shown below: 

For t(LO) = 6.25 µs : 

6.25µs = ln(2)* R1 *(680_*10-12
) =v 

R1 = 6.25µs /[ln(2) • (680 * 10-12
)) ⇒ 

R1 = 13.260kO 

For 1cnn = 18.15µs: 

18.15µs = ln(2) * [R2 + 13260) * (680 * 10-12
) ⇒ 

R2 = [18.75µs /(ln(2) * (680* 10-12 ))]-22000 ~ 

R2 = 26.520kO 

The two resistor values verified the assumptions made to calculate the values of 1cw>, and 1cn]) as follows [l, 2): 

Tcw> = ln(2) * 13.260 * 10
3 

* (680 * 10-12
) = 6.25µs 

1cm) = ln(2) * ((13.260*10
3

) + (26.520 * 103))* (680* 10-12
) = l8.75µs 

1 1 
FREQUENCY= ⇒ ----- = 40kHz 

(tw + tm) 6.25µs + 18.1~µs 
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. RESULTS 
The circuits simulated in Figures 1 and 2 were constructed as illustrated in Figures 3 and 4 and their operation tested 
in the laboratory. 

Figure 3. Ultrasonic Transmitter Circuit 

Figure 4. Ultrasonic Receiver ~ircuit 

The detection range of the sensors was determined by powering the transmitter and receiver, situating them in close 
proximity to each other (Figure 5), and then repositioning them at various distances apart. The results of the 
experiments revealed that the detection range was between approximately 2 to 4 feet. However, the detection 
distance may be increased by amplification of the transmitted signals and altering of the circuits' components. . 
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Figure S. Transmitter and Receiver Circuits 

The signals emitted during testing of the sensors were taken from the oscilloscope and illustrated below by Figures 
6, 7, and 8. The 555 timer's output was displayed as a square wave, the transmitter's signal as a pulsating ultrasonic 
waveform, and finally, the receiver's rectified and filtered waveform. 

- ,-7 

~~ore 6. Timer's Output 

, , r r 

Figure 7. Transmitter's Pulsating Ultrasonic Signal 

t ... 

r 
Figure 8. Receiver's Rectified and Filtered Signal 

Also, it was determined, as the distance between the receiver and transmitter decreases, the voltage output increases 
due to the transmitter producing different voltage levels that trigger various transistors installed in the circuit. 
Initially, the estimated cost to implement this project was between $40 and $50. However, the approximate cost of 
the components to construct the receiver and transmitter p~rtions of the controllers proved to be much less than the 
projected cost, as indicated in Table 1. The components having no cost associated with them already existed in the 
laboratory. In addition, the labor cost was priceless, as the students spent an extensive amount of time to construct 
and test the project. 
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a e • T bl 1 C omponen 1s an OS t L. t d C t 
Components Quantity . Cost($) Total($) 
Ultrasonic Sensors 2 1.25 2.50 
Wires I pack 5.99 5.99 
Resistors 15 0.00 0.00 
Extension Cord I 1.99 1.99 
555 Timer I 0.00 0.00 
Transistors 4 0.00 0.00 
Diodes 4 0.00 0.00 
IC2CA3140 I 4.99 4.99 
9 Volt Battery 2 3.99 7.98 
Total - - $-23.45 

CONCLUSION 
The ultrasonic switches described herein should provide a hands-free operation of-any remote garage door opener, as_ 
they may be compatible with existing wireless garage door opener-controllers, including their security features and 
normal Qpe~tion. The production cost and effectiveness of this idea were the major parameters of this project, and 
this ultrasonic sensor proved to be an inexpensive component that efficiently interacted with the objectives of the 
design. 

The areas of concern that appear to limit the utilization of this type of sensing device are its angular range of 
operation and .the necessity of an unobstructed signal path. This is vital to the effectiveness of this application as 
ultrasonic waves bounce off objects, therefore, placing the sensor inside the vehicle or concealing it will decrease, if 

. not eliminate, reception. To address the issue of poor reception, a pair of transmitters may be place both inside and 
_ outside the garage door at heights relative to the position of the receiving module. The receiving module's sensor 

may be externally installed and wired to the remote inside the vehicle. This will not only provide easy and quick 
·replace_ment of the sensor or the remote; but also enhance the transmission and reception capabilities of the 
ultrasonic sensors. 

The utilization of an ultrasonic sensor is an alternative method to operate, without human interaction, the standard 
wireless·remote-controlled garage door, and the authors plan to continue this study until completely satisfied. 
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PLANNING OF EMBANKMENT COMPACTION OPERATIONS 

Hesham S. Mahgoub, South Dakota State University 
Ahmed A. Gaballah, Zagazig University, Egypt 

ABSTRACT 
Soil embankments are used extensively in many types of construction projects such as roads, railways, dams, 
bridges, etc. In most of these projects, embankment construction represents the major cost element due to the 
large amounts of materials operated. Therefore, the operations of embankment layers construction should be 
carefully planned to make the best use of equipment capabilities, especially the compactors, which have a basic 
effect on the quality and cost of the highway construction. 

This study presents a methodology for planning the compaction operations involved in the construction of 
embankment layers. The major concern is to obtain the optimum number of compactor passes that will 
economically achieve the density required for the embankment. The proposed methodology involves six main 
tasks including: (1) Finding the optimum moisture content and maximum dry density of the soil, (2) Exploring 
the effect ofnumber of blows on the dry density at different moisture contents, (3) Finding the relationship 
between laboratory compaction effort and number of compactor passes, ( 4) Calculating the compaction capacity 
(m3 of compacted material per hour) for each alternative (moisture content and number of compactor passes), 
(5) Calculating the cost of compaction for each alternative, and (6) Evaluating the results and selecting the 
optimum alternative. An application of this methodology to a real highway construction project is also presented. 

Soil embankments are used extensively in many types of construction. They are used to support pavements for 
highways and airports, support railways, to resist the passage of water as dams, and for bridges approaches. In 
these types of construction, the embankment construction normally represents the major cost element due to the 
large amounts of materials operated. Therefore, the operations of embankment layers construction should be 
carefully planned to make the best use of equipment capabilities, especially the compactors, which have a basic 
effect on the quality and cost of the highway construction. 

SOIL COMPACTION 
Pavement performance is highly influenced by the strength, permeability, and other subgrade characteristics. 
Subgrade compaction increase strength, decrease pe~eability, and reduce undesirable settlement. The 
economic climate prevailing in most developing countries make it essential that resources available for highway 
construction are used as cost-effectively as possible. This challenge is made all the more difficult in those 
countries having arid or semi-arid climates, as a cons~uence of which there is generally a scarcity of water for 
road construction. In these regions, the surface soils are usually sandy, having low natural moisture content and 
occurring at very low in situ densities. 

Typical specifications for earthworks compaction generally require the field processing moisture content to be 
close to the laboratory derived optimum moisture content (OMC). In arid or semi-arid environments, the in situ 
moisture content of the sandy soils in the dry season is generally of the order of one quarter to one third of OMC. 
Hence, significant amounts of scarce and usually expensive water, of the orderof750-12000 m3 per kilometer 
per lane, are required for compaction purposes. In addition, some current specifications also require relative 
deep compaction of these low densio/ and often slightlr cemented subgrade soils (J). 

From considering of the above, it is apparent that significant cost savings would be achieved if the amount of 
compaction water could be reduced, and the thickness of construction layers increased, without detriment to the 
quality of the finished product. New techniques like Intelligent Compaction (IC) technology has been recently 
used in some experimental projects. FHWA (2) defined the Intelligent Compaction (IC) technology as 
''Vibratory rollers that are equipped with a measurement/control system that can automatically control 
compaction parameters in response to materials stiflhess measured during the compaction process. The roller 
must also be equipped with a documentation system that allows continuous recordation, through an accurate 
positioning system, of roller location and corresponding density-related 9utput, such as number of roller passes 
and roller-generated materials stiffness measurements." The Intelligent Compaction (IC) is made possible 
because of the ability of a vibratory roller to first sense the material response of soil under loading, to process 
this information and compare it to the input requirements, and then to "decide" how to adjust compaction 
parameters to most efficiently compact the material. Since none of these features are available on conventional 
vibratory rollers, IC represents a major innovation in soil compaction technology (2). Currently, this technology 
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is marketed by BOMAG from Germany, AMMANN from Switzerland, and DYNAPAC from Sweden. 
CATERPILLAR has also a system available for demonstration (3). · 

Unfortunately, attainment of these goals is not normally possible with the regular vibrator compactors and the 
traditional compaction planning methods. There is a great need, especially in developing countries; to develop a 
methodology to optimize the compaction resources and fulfill the needed compaction energy. The presented 
methodology has brought about the scope for effecting significant saving in compaction cost. 

This study presents a proposed methodology for planning the compaction operations in highway construction. 
The major concern is to select the moisture content and the corresponding number of compactor passes ~t will 
economically achieve the level of compaction required for the embankment. An application of this methodology 
to the construction of embankment layers for one the major corridor is also presented. 

PROPOSED METHODOLOGY 
The proposed methodology for planning the compaction operations involves six main tasks including: 

1- Finding the optimum moisture content and maximum dry density of the soil through 
the laboratory tests. 

2- Exploring · the effect of number of blows on the dry density at different moisture 
contents for the same type of soil. 

3- Creating the relationship between laboratory compaction effort and number of 
compactors passes. 

4- . Estimating 'the compaction capacity .(m3 of compacted material per hour) for each 
alternative (moisture content and number of compactor passes). 

5-· Calculating the cost of compaction for each alternative, and 

6- Evaluating the results and selecting the optimum alternative. 

These tasks are illustrated through an application of the proposed methodology to the construction of 
embankment layers for the highway project. 

APPLICATION OF THE PROPOSED METHODOLOGY 
The highway under study is considered one of the most important national and civilized projects in Egypt. It 
connect the Egyptian Capital "Cairo" with one of the newly developed industrial cities. The highway length is 
about 14 km, and its width is 34 m, divided into three lanes in each direction and a 7-m wide middle median. 
The road surface ranges from 6 to 8 m above ground level, to prevent the establishment of random communities. 

The road embankment represented the major cost element in this project. The project total cost was estimated at 
about L.E. 26.7 million, of which 14.6 (about 55%) was allocated to the construction of embankment. The 
planning of compaction operations for the embankment construction involved the following tasks: 

Optimum Moisture Content and Maximum Dry Density 
The optimum moisture content and maximum dry density of the soil to be u~ (sand) were determined using 
the modified Proctor test. Based on the results of this test, the relationship between dry density and moisture 
content was determined, which is plotted in Figure 1. The soil type was sandy to clayey-sand soil and the figure 
reveals optimum moisture content of about 8. 7% and a maximum dry density of about 1.93 gin/cm3

• 
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Effect of Number of Blows on Dry Density 

14.0 

Laboratory samples of the dry sand with different moisture contents (3.0%, 6.0%, 7.5%, and 8.5%) were tested 
using the modified Proctor test. To estimate the required compaction energy, each sample was exposed to 
different numbers of blows (25, 35, 45, and 55 blows), which represent different compaction efforts. The results 
are plotted on Figure 2, which shows the increase of dry density with increasing the number of blows at 
differ~nt moisture contents. The figure also indicates that the maximum dry density (1.93 gm/cm3

) can be 
achieved with various moisture contents by using different number of blows. This is illustrated in Figure 3, 
which shows the relationship between the moisture content and the number of blows necessary to achieve the 
maximum dry density. Tlt.s figure also indicates that the number of blows increases with the decrease of 
moisture content 
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Figure (2): Relationship between Dry Density and Number of Blows 
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Relationship Between Laboratory Compaction Effort and Number of Compactor Passes 
The laboratory . compaction effort is determined as the compaction energy applied in the. modified Proctor test, 
computed using the following formula: 

Where: 
CL= laboratory compaction energy (kg.m/m3); 
W = weight of hammer (kg); 
H = height of hammer (m); 
L = number of layers; 
N 1 = number of blows; and 
V = volume of mould (m3). 

(I) 

Under the modified Proctor test conditions used (W = 4.536 kg, H = 0.4572 m, L = 5 and V = 9.46 x 10-4 m3
), 

Equation (1) reduces to: 

(2) 

To achieve the required lev~l of compaction, the laboratory compaction effort (CL) should be equivalent to the 
field compaction effort, which is . determined as the number of compactor passes (N2) multiplied by the field 
compaction effort due to one pass ( CF1 ). This can be expressed as: · 

(3) 

From Equation (3), the number of compactor passes required to achieve a certain laboratory compaction effort 
(CL) can be calculated using the formula: · 

(4) 

The field compaction was conducted using the compactor model "CA25D", with the following operating 
conditions: 

Medium frequency. 
Medium amplitude. 
Speed of 3 .0 km/hour. 
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For these conditions, the compaction effort (or energy/volume) of one pass is 87,603 kg.m/ml (6). Substituting 
this value into Equation (4), it reduces to: · 

(5) 

Compaction Capacity 
According to the Egyptian Code of Highway ( 7), the compaction capacity can be calculated sing the formula: 

Where: 

Q = e • (D • T • S • 1,000) / N2 

Q = compaction capacity (ml/hour); 
e = efficiency factor; 
D = drum width (m); 
T = layer thickness (m); and 
S = roller speed (km/hour). 

(6) 

Under the used operating conditions, the values of these variables were a,s follows: e = 75%, D = 2.13 m, T = 

0.5 m., and S = 3.0 km/hour. Applying these values into Equation (6), it reduces to: 

Q=2,396/-N2 (7) 

Table 1 presents the compaction capacity using different numbers of compactor passes. 

Table (1): Compaction Capacity at Different Number of Passes 

Laboratory 

Moisture No.of Compaction 

Content Blows• Effort** 

(%) (N1) CL (kg.m/ml) 

3.0 120 1,315~20 

4.5 80 876,880 

6.0 60 65_7,660 

7.5 35 383,635 

8.5 27 295,947 . 

• From Figure. (3). 

•• Using Equation. (2). 

Compaction Cost Calculations 

No.of 

Compactor 

Passes••• 

CN2) 

15 

, . 11 

8 

5 

4 

••~ Using Equation. (5). 

# Using Equation. (7). 

Compaction 

Capacity# 

Q (ml/hour) 

160 

218 

300 

479 

599 

Compaction cost, which include compactor· and water cost, can be varied between construction sites. The main 
factors affect this cost are the selected moisture content and the corresponding number of compactor passes 
required achieving the maximum dry density at that moisture content. The cost of compaction was calculated as 
follows: 

119 

(8) 

(9) 

(10) 



Proceedings of the 2007 IEMS Conference 

Where: 

Ci = total cost of compaction (LE. /m3
); 

Cw = cost of water (L.K /m3
); 

. Cc = cost of compactors (L.E. /m3
); 

c1 = unit cost of water, including operating cost (L.E. /m3 of water); 
ei = rental rate of compactor, including operator cost (L.E./hour); 
We= moisture content(%); and 
Yd max= maximum dry density (gm/cm3

). 

Table (2) presents the cost of compaction using different moisture contents (and correspondingly different 
numbers of compactor passes) based on the following cost elements: 

No.of 

Unit cost of water (including operating cost) = L.E. 1.0, L.E. 2.0, and L.E. 3 .0/m3
• 

Rental rate of compactor (including operator cost) = L.E. 40/hour. 

Table (2): Cost of Compaction at Different Moisture Contents 

Cost of Water Cost of 

(including operating cost)• Compactor 

Total Cost 

of Compaction ••• 

Moisture Compactor Compaction (L.E./m3
) x 10-2 (including (L.E./m3

) x 10-2 

Content Passes · Capacity C1 = c1= Ct= operator)•• c1= C1 = C1 = 

(%) CN2) · 0 (m3/hour) L.E. 1.0 L.E. 2.0 L.E.3.0 (L.E./m3
) x 10-2 L.E. 1.0 L.E. 2.0 L.E. 3.0 

3.0 15 160 5.79 11.58 17.37 25.04 30.83 36.62 42.41 

4:5 11 218 8.69 17.37 26.06 18.36 27.05 35.73 44.42 

6.0 8 300 11.58 23.16 34.74 13.36 24.94 36.52 48.10 

7.5 5 479 14.48 28.95 43.43 8.35 22.82 37.30 51.77 

8.5 4 599 16.41 32.8i 49.22 6.68 23.08 39.49 55.89 

• Using Equation (9) . •• Using Equation (10) ***' Using Equation (8) 

Evaluation of Results and Selection of Optimum Alternative 
The selection of optimum alternative (moisture content and number of compactor passes) will be based on the 
cost of compaction only, since all other cost elements of the embankment construction ( cost of material, cost of 
grading, etc.) are almost the same for all alternatives. -

· The cost of compaction at different moisture contents is plotted in Figure ( 4 )~ From this figure, the optimum_ 
alternative varies according to the availability of water. If water can be delivered at a fair cost (L.E. 1.0/m3 for · 
example), it is recommended to use high moisture content (7 .5% ), and correspondingly a small number of five 
compactor passes. On the other hand, if water can only be delivered at a much higher cost (L.E. 3 .0/m3 for 
example); it is recommended to use low moisture content (3.0%), and correspondingly a large number of 15 
compactor passes. 

CONCLUSION 
A proposed methodology for planning the compaction operations involved in the construction of embankments 
has been presented. This methodology, involving six main tasks, was illustrated through an application to the 
construction of embankment for a real highway project. Target density can be archived through different values 
of moisture content and number of compactor pass. The selection of optimum alternative (moisture content and 
number of compactor passes) varies according to the availability of water. In situations where water is available 
at reasonable costs, the trend is to use higher moisture contents and correspondingly smaller numbers of 
compactor passes. On the other hand, in situations where water is scarce and can only be delivered at much 
higher costs, the trend is to use lower moisture contents and correspondingly larger numbers of compactor 
passes. 
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Figure ( 4): Cost of Compaction at Different Moisture Contents 
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NOTATION 

The following symbols are used in this paper: 

. c1 = unit cost of water, including operating cost (L.EJm3 of water); 
. ~ = rental rate of compactor, including operator cost (L.E./hour); 

Cc = cost of compactors (L.EJm3
); 

CF1 = field compaction effort due to one pass; 
CL = laboratory compaction energy (kg.m/m3 ); 
Ci = total cost of compaction (L.EJm3

); 

Cw = cost of water (L.EJm3
); 

D = drum width (m); 
e = efficiency factor; 
H = h~ight of hammer (m); 
L = .number of layers; 
N 1 = D\lIIlber of blows; 

. N2 = number of compactor passes; 
Q = compaction capacity (m3/hour); 
S = roller speed (km/hour); and 
T = layer thickness (m); 
V = volume of mould (m3). 
W =: weight of hammer (kg); 
We= moisture content(%); and 
Yd max~ maximum dry density (gm/cm3

). 
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ABSTRACT 
The objective of this paper is to forecast the demand of automobile road test participants on weekly basis. The data 
collected for a period of 122 weeks were found to be nonstationary. The time series models ARIMA (1, l, 1) and 
IMA (1, 1) were found to fit the data at 95% confidence interval. The model parameters were estimated. Using the 
fitted models forecasts for 23 weeks in the future were estimated and found to be excellent. The forecasted demand 

. has helped the planning division of the department of transit to optimally schedule the required number of examiners 
to conduct the road tests on weekly basis. 

INTRODUCTION 
Adequate planning and optimal management is the base for success in the enterprise world. Therefore, in any 
organization, it is important to critically analyze. the past experiences. The statistical techniques such as the time 
series analysis, which is based on historical data of the process, is necessary to choose the most satisfactory strategy, 
either in terms of cost, resources, time, and/or another criterion [I, 8, 12]. The autoregressive integrated moving 
average (ARIMA) models are capable of describing satisfactorily the stationary and nonstationary time series data 
(9, 10]. When the time series is nonstationary, the common approach is to transform the homogeneously 
nonstationary time series data through successive differencing until the time series become stationary (8, 1 O]. The 
objective of this paper is to forecast the weekly demand of automobile road test participants in the State of the Rio 
Grande Do- Sul (RS), Brazil. The tests for driver license must be conducted by the Department of Transit 
(DETRAN), the agency responsible for the transit laws of the state of Rio Grande do Sul, where the candidate must 
take: a test on physical and mental condition, a written test on transit legislation and first aid notions as per the 
regulations of National Council of Transit (CONTRAN), and a road test conducted in public roads [7]. DETRAN 
coordinates and conducts the technical theory test and the road test for the people to obtain the first national driver 
license, addition or change of category, update for renewal, and recycling of traffic offenders (2, 5, 6]. This work 
was carried out by the Support Foundation of Science and Technology (FA TEC) together with the DETRAN-RS. 
Preliminary study on demand forecasting of road test participants was carried out by Santos et al (11]. This study 
will focus on analyzing the road test data and provide suggestions to DETRAN for their future planning to optimally 
schedule the required number of examiners to ~onduct the road test on weekly basis. 

METHODOWGY 
The data were collected from the reports generated by the Program "Working for the Life" of FA TEC/UFSM. The 
data correspond to the road test participants from July 1, 2003 to October 28, 2005, totaling 122 weekly , 
observations. The road tests were applied daily, Monday through Friday, except on holidays (national, state, and 
municipal), in the public roads of the city headquarters ofthe Center for Formation of Drivers (CFC). The data 
collected were analyzed using the statis~ical software pac~ge MINITAB Version 14.2 (3, 4]. 

The weekly average number of road test participants was 6,219, the lowest and the highest demands were 3,069 and 
10,728 respectively, with a standard deviation of 1,126.98, and a coefficient of variation of 18.12. Table 1 shows the 
weeks corresponding to each month of data collection. Data collection was not done during the first week, since the 
days of that week correspond to the days of holiday and/or week end. The behavior of the original time series, 
weekly data of the road test participants, is shown in Figure 1. 
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Table 1: Weeks corresponding to each month of data collection 

Weeks Month Weeks Month Weeks Month 

2-5 January 19-23 May 37-40 September 

6-10 February 23-27 June 40-44 October 

10-13 March 27-31 July 45-49 November 

14-18 April 31-36 August 49-53 December 

v- 2003 2003 2003 2004 ·2004 2004 2004 2005 2005 2005 2005 
Wlllk WQJ Wc38 Wl5() Wc10 Wc22 Wl34 V\M6 Wi06 Wt18 WOO Wt42 

Figure 1: Original time series data 

RESULTS AND DISCUSSIONS 
Figure 1 show that the time series is nons~tionary. The weeks 24-26, referring to the month of June 2005, presented 
an uncommon situation. Hence, Bartlett's normal distribution test was applied to confirm whether the data represent 
nonstationarity at 95% confidence level. The results were: t = 220.04 and p = 0.0000, indicating that there were 
significant differences between the variances of the weekly data and confirming that the process is nonstationary. 
To satisfy the stationary assumption, the original data were transformed using the method of differencing. The 
transformed series after the first difference ·is shown in Figure 2. 
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Figure-2: Transformed data after the first difference 

With the first difference, the time series data became stationary in the average, but not in the variance. Therefore, 
the type of transformation that can stabilize the variance was investigated. The autocorrelation function (ACF) and 
the partial autocorrelation function (P ACF) were used to transform the time series. The values for the coefficients of 
autocorrelation and partial autocorrelation, t-statistic, and Ljung and Box statistic were calculated (10, 11, 12]. 
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Figures 3 and 4 show the functions of autocorrelation, ( A ) and partial autocorrelation, ( t/Ju ), respectively, of the 

· transformed time series data. The 95% confidence intervals for the sample's autocorrelation and partial 
autocorrelation were found to be± 0.1818. 
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Figure 3: ~utocorrelation function (ACF) of the differenced series. 
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Figure 4: Partial Autocorrelation -function (PACF) of the differenced series. 

Considering the sequence of observations follow the ·white noise process, it is verified that the values of P1c and 

t/Ju are outside ofthe confidence interval, respectively, for lags ·1, 4, 15, 16 and 20, and for 1~ I, 2, 4, 5, 19 and 25, 

indicating that there is a process AR(p) or MA( q) linked to the data. It is also observed that the ACF presents 
decline in the first three lags and P ACF presents the first the two lags significant. This indicates that the models 
ARIMA{l, I, 1), ARIMA(l, I, 0)/ARI{l, 1), and ARIMA(0, I, 1)/IMA(l, 1) can be used to analyze the data, where 
p = I and q =I.After verifying the ACF and the PACF, the ARIMA(p, d, q) models were tested. The estimated 
parameters, their coefficients and standard deviations, t-stati~tic, and p-values are presented in Table 2. 

Table 2: Fitted models with respective parameters, coefficients, standard deviation of the 
coe ffi . 1 d c1ents, p-va ue an t-stat1st1cs. 

Model Parameter Coefficient 
Standard Deviation 

p-Value t 
of the Coefficients 

ARIMA(l, I, 1) 
p 0.2354 0.1072 0.0300 2.19 

Q 0.8910 0.0510 0.0000 17.47 

ARIMA(0, I, 1) Q 0.7940 0.0555 . 0.0000 14.32 

ARIMA(l, 1,0) p -0.3916 0.0840 0.0000 -4.66 

It-is observed that all the parameters are significantly different from zero. The values of Q(k) statistics indicated to 
reject of the hypothesis that the residuals follow the white noise process, for the values ofk = 24 (p = 0.3310) and k 
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= 36 (p = 0.0950). Table 3 presents the sum of squares (SS) and the mean square error (MSE) of the residuals, the 
number of parameters (k), the number ofobservations (N), the degrees of freedom (N-d), and the results of the 
Akaike Information Criterion, AIC and Schwarz-Bayesian Information Criterion, SBIC of the fitted models. 

Table .3: Fitted models with respective sum of squares of the residuals, mean square error of the 
. dual be f . d f fr d d It f AIC d SBIC ·t . rest s,num r o parameters, egrees o ee om, an resu so an cnena 

Model ss MSE k N N-d AIC SBIC 

ARIMA(l, l, 1) 119,116,942 1,000,983 2 122 121 2,273 "2,278 

ARIMA(0, l, 1) 123,134,988 1,026,125 1 122 121 2,275 2,278 

ARIMA(l, l, 0) 147,352,886 1,227,941 1 122 121 2,297 2,299 

The fitted models ARIMA(l, 1, 1) and IMA(l, 1) are found to be robust for the vehicle road test demand data. 

Forecasts Using the· Fitted Model ARIMA(l, 1, l} 
The autocorrelation ~d par_tial autocorrelation functions of the residuals with corresponding confidence intervals are 
shown in.Figures 5 and 6 respectively. The values of A and ;,Ide are outside the 95% confidence _interval,± 0.1818, 

respectively, for lags 4, .15, 19 and 20, and for lags 4, 16 and 23. In practice, in spite of the residuals in some lags 
· are outside the control limits, it can be concluded that these are statistically insignificant, accepting that they 
residuals follow the white nQise process. Although, these values adjust to the data, there is lack ·of inforination to 
model the time series. The values oft-statistics and Ljung and Box statistic for autocorrelations, p1 and partial 

autocorrelations, ;Ide of the residuals were calculated. Figure 7 presents the following graphs: normal probability 

. plot of residuals, residuals versus adjusted values, histogram of residuals, and residuals versus ordered observations. 
It is noted that the residuals are found to be normally distributed. 

1.0-.----------------~ 

0.8 

0.6 

0.4 

_; 0.2 
li fi o.o+-.__r--"-....,__.___.......,...-r---__._,......... ............................... ......,.. ..................... ....._. 

) --0.2 

--0.4 

--0.6 

--0.8 

2 4 6 8 w n « ~ u ~ ~ u ~ a ~ 

LAIi 

Figure 5: ARIMA(l, l, 1)-ACF of residuals and the confidence intervals 
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Figure 6: ARIMA(l, l, 1)- PACF of residuals and the confidence intervals 
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Figure 7: Residuals of the model ARIMA(l, 1, 1). 

Table 4 presents the parameters estimated, t-statistic, p-value, sum of squares (SS) of the residuals, and mean square 
error(MSE. 

Table 4-Estimated parameters using the model ARIMA(l,1,1) 

Parameter· Coefficient p-Value t ss MSE 

AR(p) 0.235379 0.0300 2.19 

MA(q) 0.890987 0.0000 17.47 
119,116,942 1,000,983 

The equation for the model ARIMA(l, 1, 1) is given by: 

(1) 

Substituting the parameters estimated from Table 4 in the equation (1), 

Z, = Z,_1 + 0.235379Z,_1 -0.235379Z,_2 - 0.89098a,_1 + a, (2) 

The residuals and the adjusted values using the model ARIMA(l, I, 1) were ·calculated. Using the fitted model, the 
forecasts for the horimn t + h were made. Figure 8 shows -the original series, and the forecast values for a horizon of 
23 weeks that is, for the remaining 9 weeks in 2005 and the first 14 weeks in 2006, as well as the 95% confidence 
intervals for the forecasted values. ·· 

The estimated demand with its confidence levels, the real demand, and the forecast error were calculated. The 
results showed that the estimated demands compared with th~ real demands are within the forecasted limits. It is 
observed that the majority of the weekly forecasts are very close to the real values (124, 126, 127, 128, 129 and 
130). Compared to the estimated demands, there were reductions in the real demands for the week 123 (8,020 vs 
4,679) and 125 (8,103 vs 4,925). It was raining during the test period and some candidates left without taking the 
test for insecurity or confidence, since in adverse situations there is greater-probability to commit errors during the 
road test. Also, it happens when the driving school vehicle was available for taking the test due to mechanical, 
equipment, inspection or other problems. The peak forecasted demand was in week 129. This is due to payment of 
13th salary and the vacation time. The analysis made by FATEC through the program "Working for the Life" 
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indicated that ARIMA{ 1, 1, 1) was adequate for the weekly series of vehicle road test participants in the state of the 
Rio Grande Do Sul. 
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Figure 8'. Forecasts using the model ARIMA(l, 1, l) for the vehicle road test demand 

Forecasts Using the Fitted Model IMAll, 1) 
The autocorrelation an4 partial autocorrelation functions of the residuals with the corresponding confidence intervals 
are represented in Figures 9 and 10. Again, the values oft-statistic and Ljung and Box statistic for the 
· autocorrelation and partial autocorrelation were respectjvely calculated. It is observed that the values of Pt and 'Pkk 
decay slowly, respectively, for lags 4 and 15, and for lags 4 and 23, these are found outside the 95% confidence 
interval± 0.1818·. Despite the residuals in two lags being outside the limits, it can be concluded that these are 
statistically insignificant, and in practice the residuals follow the white noise process. The values oft-statistics and 
Ljung and Box statistic for the autocorrelations, Pt and partial autocorrelations, 'Ptt of the residuals were calculated. 
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Figure 9: ACF of the.residuals with the confidence limits for the model IMA(l; 1). 
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Figure 10: P ACF of the residuals with the confidence limits for the model IMA(l, 1 ). 

128 



Proceedings of the 2007 IEMS Conference 

Figure 11 presents the following graphs: normal probability plot of the re~iduals, residuals versus adjusted values, 
· histogram of residuals, and residues versus ordered observations. It is noted that the residuals are found to be 
nonnally distributed. 
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Figure 11: Graphs of the residuals for the model IMA( 1, 1) 

Table 5 pre_sents the values obtained using the model IMA (I, 1): parameters, coefficients, p-value, t-statistic, sum of 
squares (SS) of the residuals, and mean square error (MSE). 

Table 5: Estimated parameters for Model IMA(l, 1) 

Parameter Coefficient p-Value t ss MSE .. 

. MA(q) 0.7940 0.0000 · 14.32 123,134,988 1,026,125 

The equation for the model IMA ( 1, 1) is given by: 

(3) 

Substituting the values from table 5: 

z, = z,_. + a, ..:_,o. 7940a,_. (4) 

The residuals and the adjusted values using the model IMA(l, 1) were calculated. Using the fitted model, forecasts 
for the horizon t + h were made. Figure 12 shows the original series and the forecast values for a horizon of 23 
weeks, as well as the 95% confidence intervals. 

The forecast estimates for the vehicle road test demand for a horizon of23 weeks, the real demand, and the forecast 
errors were calculated using the model IMA(l, 1). Comparing the real de~and with the estimated demand, it is 
verified that only weeks 123, 125 and 129 were not been close to the estimated values, however these are found to 
be within the lower and the upper forecast limits, indicatin~ that the model is adequate. 
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Figure 12: Forecasts and confidence intervals using the model IMA(l, 1)~ 

CONCLUSIONS 
Two adequate models have·been identified using Box-Jenkins methodology and appropriate statistical tests: 
ARIMA(l; 1, 1) and IMA(l; l ). In the case of weekly vehicle road test demand in Rio Grande do Sul, the best fitted 
models for criterion SBIC.were ARIMA(l, 1, 1) and IMA{l, l); for criterion AIC the most adequate model was 
ARIMA(l, 1, 1). However, considering the principle of parsimony simpler-the-model-the-better the mod~l opted 
was IMA(l, 1). Comparing these models, based on subjective analysis, the model with minimum.forecast error was 
ARIMA(l, 1, l ). 

The results indicate that the sample data analyzed did not provide definite conclusions with respect to the vehicle 
road test demand. It is possible that for a longer period, trends, periodic movements and/or situations out of 
common can be observed, that might influence in obtaining an adequate model. A significant increase in the 
demand could be related to the changes in the Transit Legislation. The forecasted demand could help the planning 
division to schedule the required number of examiners on weekly basis. The results obtained were considered as 
additional source of information to make decisions regarding the investments and the required size of internal as 
well as external teams. 
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EV ALU A TING SOLID WASTE MANAGEMENT SCENARIOS USING A FUZZY MULTI-CRITERIA 
DECISION MAKING APPROACH* 

E. Ertugrul Karsak and Mehtap Dursun 
Galatasaray University 

ABSTRACT 
As a result of the recent upsurge in environmental problems caused by the solid wastes, determining an efficient 
waste management system, which considers environmental, economic and social factors, is of outmost importance. 
This paper presents a hierarchical distance-based fuzzy multi-criteria decision making framework for evaluating 
alternative waste management scenarios in Istanbul, including recycling, landfill, incineration, and composting 
processes. Economic, technical, environmental, and social criteria and their related sub-criteria, which incorporate 
both quantitative and qualitative data, are employed to evaluate the alternative waste management scenarios. 

INTRODUCTION 
Recently, an increasing number of researchers have been focusing on working out realistic solutions to 
environmental problems. As environmental issues become increasingly important for organiz.ations, the management 
of environmental decisio~ becomes critical. Solid waste management (SWM) is considered as an important part of 
the environmental management problems. 

Solid wastes can be defined as all of the undesirable and unavailing materials arising from routine or business or 
industrial human activity and animal activity. It is possible to classify the solid wastes by their resource as in Table 
1. For a robust environment, these wastes should be effectively disposed both in economical and ecological terms 
within the context of waste hierarchy. 

Source 

Municipal 

· Commercial 

Industrial 

Open areas 

Treatment plant sites 

Agriculture 

Table I: Classification of solid wastes [I] 

Activities & location 

Single-family and multi-family dwellings, 
low, medium and high rise apartments 

Stores, restaurants, markets, office 
buildings, hotels, print shops, auto repair 
shops, medical facilities and institutions, 
etc. 

Types of solid wastes 

Food waste, rubbish, ashes, special 
wastes 

Food waste, rubbish, ashes, 
demolition and construction wastes, 
occasionally hazardous wastes 

Construction, fabrication, light and heavy Food waste, rubbish, ashes, 
manufacturing, refineries,· chemical plants, demolition and construction wastes, 
lumbering, min'ing, power plants, special wastes, hazardous wastes 
demolition, etc. 

Streets, alleys, parks, vacant lots, 
playgrounds, beaches, highways, 
recreational areas, etc. · 

Water, waste water and industrial 
treatment processes, etc. 

Field and row crops, orchards, vineyards, 
diaries, feedlots, farms, etc. 

Special wastes, rubbish 

Treatment plant wastes principally 
composed of residual sludge 

Spoiled food wastes, agricultural 
wastes, rubbish, hazardous wastes 

Modeling of waste management is not a recent issue [2]. The first waste management models were optimization 
models and dealt with specific aspects of the problem [3]. Most waste ma.Qagement models consider economic and 
environmental factors, but very few of them consider social aspects. For a waste management system to be 
sustainable, it needs to be environmentally effective, econ~mically affordable and socially acceptable [2]. To deal 

• This research has been financially supported by Galatasaray University Research Fund. 
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with quantitative and qualitative considerations of the waste management problems, multiple criteria decision 
making (MCDM) techniques can be used [4]. · 

For this reason, this paper focuses on the detailed multi-attribute evaluation of a number of solid waste management 
scenarios to determine the most suitable one for Istanbul, a metropolitan city with over 12 million inhabitants. In the 
literature, there are a number of papers that examine the different SWM alternatives,. Chang and Wang [5] employed 
multi-objective mixed integer programming techniques for addressing the potential conflict between environmental 
and economic-goals and for evaluating sustainable strategies for waste management in a metropolitan region. Chung 
and P~n [ 6] used multi-criteria decision analysis approach to determine the preferred waste management option for 
Hong Kong. Hokkanen and Salminen [7] employed ELECTRE III method for choosing a SWM system m·the Oulu 
region, Finland. Akin to [7], Karagiannidis and Moussiopoulos [8] ranked the municipal solid waste alternatives by 
using ELECTRE III. Sarkis and Weinrach [9] used data envelopment analysis (DEA) to evaluate environmentally 
conscious waste treatment technologies. Cheng et al. [4] applied different MCDM techniques to solve the landfill 
selection problem in Regina of Saskatchewan, Canada. Chang and Davila [10] applied a minimax regret optimiza
tion analysis for improving SWM strategies in the Lower Rio Grande Valley. These studies used only crisp data for · 
evaluating the alternatiyes. In most real-world solid waste management problems, uncertainty plays an important 
role [11]. Fuzzy set ~eory can be used in real-world decision making problems for quantifying the qualitative data. 
In our study, we have used both the crisp and fuzzy data. 

The rest of the paper is organized·as follows: In section 2, waste management strategies are analyzed. The third 
section presents the framework for the evaluation of the alternative waste management scenarios. Section 4 presents 
the application of the proposed.model to Istanbul's waste management problem. Finally, conclusions are provided in 
section 5. 

WASTE MANAGEMENT STRATEGIES 
Waste management is the collection, transport, processing, recycling or disposal of waste materials, usually ones 
produced by human activity, in an effort to reduce their effect on human health or local aesthetics or amenity. A 
sub.focus in recent decades has been to redu_ce waste materials' effect on the natural world and the environment and 
to recover resources from them [12]. The strategy defined to achieve sustainable waste management practice, named 
as "waste hierarchy", is denoted in Figure 1. 

Most 
favored 
option 

Least 
favored 
option 

prevention 

minimization 

reuse 

recycling 

energy recovery 

disposal 

Figure 1: Waste hierarchy [12] 

The waste hierarchy classifies waste management strategies according to their desirability. The aim of the waste 
hierarchy is to extract the maximum pradical benefits from products and to generate the minimum amount of waste 
[12]. 

According to the waste hierarchy, for more sustainable waste management, the first priority is the reduction of waste 
production. Then reuse, which is defined as putting used objects back into use without applying any process except 
cleaning so that they do not enter the waste stream, comes. The next level is the waste recovery category, · which 
incorporates materials recycling, composting and recovery of energy from waste. Waste disposal is placed at the 
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bottom of the waste hierarchy, as the least attractive waste management strcitegy. However, waste disposal has to be 
· accomplished at _high standards to make it as sustainable as possible [12]. 

Waste Reduction 
Waste reduction can be defined as an overall waste management strategy that seeks to reduce the amount of waste 
generated at each stage of a product's life span. The objective of waste reduction is to ensure efficient use of 
resources within existing processes through tighter management control and reduce the hazardousness of.materials 
or products that become waste [13]. The starting point for waste reduction is invariably the manufacturing process. 
Improved product design can reduce resource use, and thus, minimize waste. 

Waste Reuse 
In conventional reuse procedure, products are designed to be used a number of times before they are discarded. 
Reuse will usually represent an environmental gain. The households, like the supermarkets, have a big responsibility 
in helping reuse products as engaging with their customers in reuse of plastic carrier bags, plastic garment hangers, 

· etc. There are many other practical ways for householders to reuse waste. 

Waste Recovery 
Waste recovery represents the process by which waste is converted either into a usable form or energy that is 
derived out of the waste [13]. There exist three sub-categories of waste recovery: 

• Waste recycling: Waste recycling involves processing waste to produce a usable raw material or product. 
• Waste composting: Waste composting is defined as the aerobic processing of biologically degradable 

organic wastes, such as garden and kitchen waste, to produce a reasonably stable, granular material, usually 
also containing valuable plant nutrients [14]. Although composting can have the potential to pollute the 
environment, a good process control system should address the problem. 

• Energy from waste: Energy from waste is a process by which energy stored in the waste is extracted in the 
form of fuel or electric power, which can then be used as power source for various applications [14]. 

Two main ways ofrecovering energy from wastes have been employed in practice [14]: 

· • Waste incineration: Incineration is the controlled burning of waste at high temperatures. Once the waste has 
been burned and the energy· extracted for beneficial use, much of the residue can also be recycled. Metals 
can be reused and the ash utilized to J?fOduce construction materials and materials for use in the chemical 
industries. 

• Using biogas (landfill gas): The methane generated by biological processes in a landfill site must be 
controlled in order to minimize its eff~ct on the environment. Collecting it and using it as a fuel has two 
benefits as avoiding pollution and generating waste. However, the energy recovery from landfill is 
considerably less efficient per ton of waste than incineration with energy recovery. 

Waste Disposal 
Waste disposal is the last option in the waste hierarchy. Several disposal options have been used. Landfill and 
incineration can be listed among disposal strategies. Disposal options depend on the type of waste streams. Some 
wastes are not suitable for landfill. Likewise, some wastes are not suitable for incineration because of their low 
calorific value. · 

The major advantages associated with landfill of wastes are the low costs of landfill compared to other disposal 
options and the fact that a wide variety of wastes are suitable for landfill. It is worth noting that ultimately, many 
other waste treatment and disposal options require that the ~al disposal route for the residues require landfill [ 15]. 
Incineration is a waste disposal method that involves the combustion of waste at high temperatures. Incineration and 
other high temperature waste treatment systems are described as thermal treatment [12]. Due to issues such as 
emission of pollutant gases and high cost, incineration is not a favored disJ:><>sal method. 

HIERARCIDCAL FUZZY MCDM APPROACH 
Real-world decision problems such as the selection of the best SWM scenario for Istanbul often involve the 
consideration of numerous performance attributes, yielding in general a multi-level hierarchical structure. Further, in 
general, crisp data are inadequate to model real-life situations. Since human judgments regarding preferences are 
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often vague, one cannot estimate his/her preference with an exact numerical value. A more· realistic approach may 
be to use linguistic assessments instead of numerical values, that is, to suppose that the ratings and weights of the 
criteria in the problem are assessed by means oflinguistic variables [16]. This paper proposes a robust fuzzy MCDM 
approach, which can address decision _problems having multi-level hierarchical structure where a number of 
qualitative as well as quantitative performance attributes are present. 

Fuzzy set theory, which was introduced by Zadeh [17] to deal with problems in which a source of vagueness is 
involved, has been utilized for incorporating imprecise data into the decision framework. Karsak [18] introduced a 
distance-based fuzzy MCDM approach for technology selection that is based on the proximity to ideal solution 
concept and has the capability of incorporating both crisp and fuzzy data. The origins ofKarsak's approach can be 
found in the multi-criteria decision aid named TOPSIS (technique for order preference by similarity to ideal 
solution) [19]. 

. When a large number of performance attributes are to be considered in the evaluation process, it ~ay be preferred to 
structure them in a multi-level hierarchy in order to conduct a more effective analysis. In this paper, the hierarchical 
distance-based fuzzy MCDM algorithm proposed by Karsak and Ahiska [20] is employed for determining the best 
SWM scenario for Istanbul. · 

The proposed fuzzy MCDM approach can be described as follows: 

Step 1. Construct the decision matrix that denotes the fuzzy assessments corresponding to qualitative sub-critetja 
and the crisp values corresponding to quantitative sub-criteria for the considered alternatives. 
Step 2. Normalize th~ crisp data to obtain unit-free and ·comparable sub-criteria values. The_ normalized values for 
crisp data regarding benefit-related as well as cost-related quantitative sub-criteria are calculated via a linear scale 
transformation as · 

Yijk -Yjk 
• _ , k e CB j; i = 1, 2,K , m; j = 1, 2,K , n 

Yjk -Yjk 
Yijk = • 

(1) 

Y jk -Yijk 
• _ , keCCj;!=l,2,K ;m;j=l,2,K ,n 

Yjk -Yjk 

where y~k denotes the normalized value of y iJk , which is the crisp value assigned to alternative i with respect to 

the sub-criterion k of criterionj, m is the number of alternatives, n is the number of criteria, CB1 is the set ofbenefit
related crisp sub-criteria of criterionj and CC1 is the set of cost-related crisp sub-criteria of criterionj, 

y jk = m~ Yijk and y Jk = ~ Yijk . The normalized values for crisp data can be represe~ted as 
I I 

~ ( ' · ' ' ) . m· 1 fuzzy be &'. h ' ' . ' ' · Yijk = Yaijk, Ybijk, Ycijk ID angu ar num r iormat, w ere Yaijk = Ybijk = Ycijk = Yijk · 

Step 3. Aggregate the performance ratings of alternatives at the sub-criteria level to criteria level as follows: 

(2) 

where xij represents the aggregate performance rating of alternative i with respect to criterionj, w}k indicates the 

average importance weight assigned to sub-criterion k of criterionj, and ® is the fuzzy multiplication operator. 
Step 4. Normalize the aggregate performance ratings at criteria level using a linear normalization procedure, which 
results in the best value to be equal to 1 and the worst one to be equal to 0, as follows: 
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(3) 

where x;j = m~ Xcij , x; = ~ Xaij , and rij denotes the normalized aggregate performance rating of alternative i 
l l 

with respect to criterion j. 

Step 5. Define the ideal solution A* = (ri*, ri ,K ,r;) and the anti-ideal solution A- = (rf ,ri ,K ,r;), where . -
rj =(1,1,1) and rj =(0,0,0) for j=l,2,K ,n. 

Step 6. Calculate the weighted distances from ideal solution and anti-ideal solution ( v; and Di" , respectively) for 

each alternative as 

(4) 

, , - . J_ 1 1 · . nl I I nl I I It. . 
D; = Ljl/2-ptax(w0j raij - 1, wcj rcij -v

1
)+wbj 'bij -0 p = 1,2, ... ,m. (5) 

Step 1. Calculate the proximity of the altem~tives to the ideal solution, P;* , by considering the distances from ideal 

and anti-ideal solutions as 

-If= D;-j( Dt + n; ), ; = 1,2, ... ,m. (6) 

Step 8. Rank the alternatives according to P;* values in descending order. Identify the alternative with the ·highest 

Pt as the best alternative. 

APPLICATION OF THE MCDM FRAMEWORK TO SOLID WASTE MANAGEMENT 
PROBLEM IN 1ST ANBUL 

As a result of discussions with experts from Ministry of Environment and Forestry, ISTAC Co. (Istanbul 
Metropolitan Municipality Environmental Protection and Waste Materials Valuation Industry and Trade Co.) and 
Istanbul Metropolitan Municipality Directorate of Waste Management, we have defined seven possible scenarios for 
the management of solid wastes in Istanbul. The scenarios can be defined as follows: 

Scenario 1: 100% landfill. 
Scenario 2: 20% recycling, 80% landfill. 
Scenario 3: 20% recycling, 10% composting, 70% landfill. 
Scenario 4: 40% recycling, 50% composting, 10% landfill. 
Scenario 5: 20% recycling,-10% incineration, 70% landfill. 
Scenario 6: 70% incineration, 20% recycling, 10% landfill. 
Scenario 7: 75% incineration, 20% composting, 5% landfill. 

Benefiting from the literature on the evaluation of solid waste management alternatives, economic criteria, technical 
criteria, environmental criteria, and social criteria, and their related sub-criteria are identified as the selection 
attributes as in Figure 2. 

In this paper, the importance weights of various criteria and the ratings of qualitative criteria are considered as 
linguistic variables. These linguistic variables can be expressed by triangular fuzzy numbers as represented in Figure 
3. . 
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Determining the best SWM scenario 

Economic Technical Environmental 

Net cost per 
ton 

Revenue Process 
feasibility 

Operating 
experience 

Release with · 
health effects 

COi emission 
NOx emission SOi emission 

CH.t emission 

Land 
requirement Adaptability to 

environmental 
policy 

Public 
. acceptance 

Release to land 

Surface water 
disperses 
releases 

Aesthetic 
pollution and 

odor 

Figure 2: Hierarchical structure of the SWM scenario evaluation problem 

µ(x) /r. 

0 0.25 0.5 0.75 1.0 X 

Figure 3: A linguistic term set where VL = (0, 0, 0.25), L = (0, 0.25, 0.5), M = (0.25, 0.5, 0.75), 
H = (0.5, 0.75, 1), VH = (0.75, I, I) . 
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The expert used the linguistic variables "very low {VL)", "low (L)", "m~erate (M)", "high (H)" and "very high 
· (VH)" to evaluate the importance of the criteria and sub-criteria, and also the ratings of alternatives with respect to 

various subjective criteria and sub-criteria. The evaluations are represented in Table 2, Table 3 and Table 4, 
respectively. · 

Table 2: Fuzzy importance weights of criteria 

Criteria 
Economic 
Technical 
Environmental 
Social 

Importance weight 
M 
M 

VH 
H 

Table 3: Fuzzy importance weights of sub-criteria 

Sub-Criteria 
Net cost per ton 
Revenue· · 
Process feasibility 
Operating experience 
Release with health effects 
CO2 emission 
C"4 emission 
NOx emission 
S_0 2 emission 
Surface water disperses releases 
Aesthetic pollution and odor 
Release to land . 
Land requirement 
Adaptability to environmental 
policy 
Public acceptance 

The computational procedure is summarized as follows: 

Importance weight 
VH 
H 

VH 
M 
H 
H 

VH 
H 
H 

VH 
L 
H 

VH 

VH 
H 

By using equation (1), the crisp data is normalized .. Then, sub-criteria values are aggregated to criteria level using 
equation (2). The normalized values of these aggregate performance ratings are computed using equation (3) and are 
represented in Table 5, where O indicates the worst value and 1 indicates the.best value. 
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Table 4: Data related to SWM problem 

Sub-Criteria S1. S2 S3 S-1 SJ . s6 · S1 

Net cost per ton (25,30,40) (27,33,43) (30.5,37 .5,48) (46.5.,58.5,71) (49.5,60,72) (184.5,222,246) (200. 75,24 I-.65,267 .5) 

Revenue VL L L VH L H VH 

Process 
VH VH . VH VH VH VL VL 

feasibility 
Operating M H H H H H H 
experience 
Release with 

VL VL VL VL L H VH 
health effects 
C{h emission (65,90,120)_ (52,72,96) (45.5,63,84) (6.5,9,12) (45.5,63,84) (6.5,9,12) (3.25,4.5,6) 

CH. emission (80,120,150) (64,96,120) (56,84,105) (8,12,15) (56,84,105) (8,12,15) (4,6,7.5) 

NOx emission (0,0,0) (0,0,0) (0,0,0) (0,0,0) (15,27,40) (105,189,280) (112.5,202.5,300) 

S{h emission (0,0,0) (0,0,0) (0,0,0) (0,0,0) (20,55,80) (140,385,560) (150,412.5,600) 

Surface water 
disperses VH H H M H L L 

releases 
Aesthetic 
pollution and VH H H M H L L 
odor 
Release to land VH H H M H L L 

Land VH H H 
requirement 

L H M M 

Adaptability to 
environmental H H H VH M VH VH 
policy 
Public H H ·H 
acceetance 

H M M L 

Table 5: Normalized values of the aggregate performance ratings ofSWM scenarios with respect to criteria 

,Economic . (0.44,0.44,0.53) (0.43,0.58,0.70) (0.41,0.56,0.69) (0.76,0.95,1) 
Technical (0.57,0.81,0.88) (0.64,0.9,1) (0.64,0.9,1) (0.64,0.9,1) 
Environmental (0.25,0.61,0.86) (0.22,0.53,0.92) (0.29,0.59,0.95) (0.54,0.71,0.96) 
Social . (0.38,0.76,1) (0.24,0.62,1) (0.24,0.62,1) (0.1,0.48,0)5) 

(0.33,0.49,0.64) 
(0.64,0.9,1) 
(0.22,0.6,1) 

(0,0.38,0. 75) 

(0,0.25,0.59) (0.o7 ,0.34,0.55) 
(0,0.14,0.51) (0,0.14,0.51) 
(0,0.38,0.83) (0.07,0.45,0.83) 

(0.14,0.52,0. 75) (0.05,0.41,0.62) 

In order to determine the SWM alternatives' overall performance, the ideal and anti-ideal solutions are obtained as 
defined in step 5 of the hierarchical dis~ce-based fuzzy MCDM algorithm. Then, the weighted distances of each 

SWM alternative from ideal and anti-ideal solutions, n; and Di", are calculated using equations (4) and (5), 

respectively. Finally, the proximity to the ideal solution for each SWM scenario is computed employing equation 
~i . 

The results are illustrated in Table 6. Table 6 shows that the fourth scenario, S4, with the highest P;* value is the 

best SWM scenario due to higher percentages of recycling and composting compared with other scenarios. Since 
landfill is an economic alternative, the scenarios with high landfill percentages rank after scenario 4. As expected, 
the scenarios with high incineration percentages are found at the lowest ranks because of the high cost and advers~ 
environmental impacts of incineration. _ 
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Table 6: Ranking of the SWM scenarios 

S; p.• 
I Ranking 

S1 0.675 4 

S2 0.683 3 

S3 0.695 2 

S4 0.754 

Ss 0.635 5 

s6 0.481 6 

S1 0.472 7 

CONCLUSION 
Recently, due to the rise in the environmental problems caused by the solid wastes, it is necessary to construct an 
efficient waste management system, which considers numerous factors including environmental, economic and 
socjal aspects. Some of these factors can be quantified, while the others are qualitative at most. Thus, especially in 
metropolitans, choosing the adequate waste management system appears as a multi-criteria decision making 
problem with a hierarchical nature. In this paper, we employed the hierarchical distance-based fuzzy MCDM 

: algorithm proposed by Karsak and Ahiska [20] for solving the solid waste management problem in Istanbul. 

In classical MCDM methods, the ratings and the weights of the criteria are assumed to be known precisely. In 
general, crisp data are inadequate to model real-life situations. Besides having the capability of considering 
numerous attributes that are structured in a multi-level hierarchy, the proposed decision framework enables the 
decision-makers to use linguistic terms. In conclusion, the decision framework presented in this paper appears to be 
a robust decision tool due to its effectiveness of quantifying the imprecision inherent in decision-maker's 
assessments. For further study, extensions of the proposed methodology can be developed employing both 
subjective and objective weight assessments of the criteria and related sub-criteria. Moreover, the results can be 
compared with those of other fuzzy MCDM methods reported in the literature. 
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NECESSARY CONDITIONS FOR CONSTRAINED MULTIPLE RESPONSE SURFACE 
OPTIMIZATION METHODS 

Alicia L. Wilson and Robert L. Armacost 
University of Central Florida 

ABSTRACT 
There are many advantages to utilizing a constrained methodology when evaluating multiple obj.ectives. These 
advantages along with the necessary conditions and assumptions for constrained multiple response surface methods 
will be presented ·and.contrasted to those required for combined methods. Current constrained methods will be 
evaluated using these necessary conditions. 

INTRODUCTION 
Response Surface Methodology (RSM) was first introduced by Box and Wilson (1951) to address problems where 
the goal is.to determine optimum settings in an experimental environment. RSM is often used in the design ofnew 
pro4ucts and processes. Response surfac~ methodology utilizes experimental design, search methods, model 
fitting, and optimiz.ation to find the optimal levels of design factors that minimize or maximize one or more response 
variables utilizing the minimum number of experiments. When there are two or more responses, the procedure is 

: often referred to as Multiple Response Surface Methodology (MRSM). MRSM is a subset of the larger field of 
multi-criteria decision-making. The focus of this research is on response surface methodologies that are able to 
solve problems with two or more responses where a response objective is represented as y(x1 , ••• ,xn). 

The optimization of problems with multiple responses can be classified into one of two categories. The first, which 
will be defined as the "combined" approach, is an optimization of a single response which contains all of the 
response objectives. The second, which will be defined as the "constrained" approac~, optimizes a primary response 
while treating the other ·responses as constraints. 

The formulation of a typical combined model is as follows: 
m · . m 

min LW;,Y;(x1, ••• ,xn), where W; ~ 0 for all ; = l,K ,m responses and LW; = 1. 
i=l · i=l 

Subject to x e R , where R is the experimental region. 

The formulation of a typical constrained model is as follows: 
miny /x1 , ••• ,xn) 

Subjectto/; ~ ,Y; ~ u;, for all ; = l,K ,m,i -:t= j 

x e R , where j e {1,K m } , U; are upper bounds and /; are lower bounds for the responses 

i -:t= j and R is the experimental region. 

Wilson and Armacost (2006) provided a review of recent journal articles and seminal methods from the multiple 
~sponse surface optimiz.ation literature. Osborne, Armacost, and Malone ( 1996) described a partial set of necessary 
conditions for combined multiple response methods. Osborne (1997) found that independence between the factors, 
independence of the regression errors, independence between response functions, and uncorrelated response 
functions were not required for combined MRSM methodologies: It was found that monotonicity of preference and 
mutual preferential independence are required. Furthermore, in order to find the most preferred solution using 
combined methods, the methodology needed to generate non-dominated solutions, preserve convexity, generate 
solutions consistent with the underlying preference structure of the response objective, account for different 
magnitudes in the response objectives, and generate solutions consistent with decision-maker preferences. Osborne 
(1997) identified the need for parallel investigation into constrained methodologies. This paper discusses those 
conditions and assumptions necessary for constrained methods, compares them to those required for combined 
methods, and evaluates the current constrained methods. 
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DEVELOPMENT OF CONDITIONS AND ASSUMPTIONS FOR CONSTRAINED METHODS 
Within the constrained multiple response surface methodology literature, assumptions mentioned include all 
responses must be qW\dratic (Myers and Carter 1973; Vining and Myers 1990), all response functions are nonlinear 
(Del Castillo and Montgomery 1993), independence among the responses (Del Castillo 1996), -and independence 
between the noise factors and parameter estimates (Miro-Quesada and Del Castillo 2004). Concerns with some of . 
the constrained methods are that the method may lead to a stationary point that is not a local optima (Vining and 
Myers 1990), that although solutions are feasible they not be the global optimum (Del Castillo and Montgomery 
1993), or that in the case of confidence regions that there may be no feasible solutions for some values of a (Del 
Castillo 1996). This section will explore the conditions and assumptions required for constrained methods. 

Given the basic foundatiop of RSM, the following assumptions apply to all MRSM methods: 
I. Experimental designs are developed and conducted that contain the controllable factors and-the 

response variables to be studied. As such, the same factors and factor settings are used in the 
development of the response functions for each response variable. However, this does not mean 
that all factors will be significant and inciuded in all response functions. 

2. A region of interest is identified. In many methods an additional constraint is added to the 
problem formulation to identify this region. 

3. A model building technique, such as regression, is used to build the response functions. It is 
assumed that second-order response functions are sufficient" for describing the functions. 

4. It is assumed that at least one response function is to be optimized. This may require a 
trapsformation of the response functions (e.g., minimizing a set of over or un~er-achievements' to 
· targets for each response). 

Regression Assumptions 

Given that most MRSM techniques utilize regression to fit the second-order response model, Osborne ( 1997) 
evaluated _two of the underlying assumptions of regression: uncorrelated errors and independence among the factors. 
Uncorrelated errors are important in conducting inferential tests due to the potential of creating bias in standard error 
estimation and inaccuracy in the values of the parameters. However, Osborne indicated that since response s~ace 
methodology only requires accurate estimates of the response variables and not the parameter estimates, RSM can 

· be applied even when errors may be correlated. Independence among the factors, also known as multicollinearity, is 
also important in inferential testing and can cause regression coefficients to have a high standard error. Osborne 
indicated that since in most designed experiments used in RSM ( central composite design or factorial designs) 
multicollinearity is minimized or eliminated, independence among the factors is not an issue when applying RSM 
techniques. 

Non-dominated Solutions 

At the core of any multi-objective optimization problem is the ability to find non-dominated or Pareto-optimal 
solutions. Pareto-optimal solutions are those in which further improvement in one objective cannot be improved 
without detriment to at least one other objective. A decision vector x* € S is Pareto optimal if there does not exist 
another x € S such that ~(x) ~ ~(x*) for all i=l, ... ,m and fj(x) < fj(x*) for at least one indexj. An objective vector is 
Pareto optimal if the corresponding decision vector is Pareto optimal (Miettinen 2001 ). Pareto-optimal solutions 
may also be referred to as "noninferior, efficient, and non-dominated" interchangeably (Chankong and Haimes 
1983). Pareto-optimal or non-dominated solutions may also be classified as those alternatives that are not 
dominated by another alternative where dominated is defined as: x1 dominates x2 if and only ifv(f{x1)►-v(f{x2)), 
where v is the value function (Chankong and Haimes 1983 ). Decision-maker preferences, to be discussed later, · are 
required to find the "most preferred" solution among the set of non-dominated solutions. 

Multi-oriteria decision-making literature provides three common approaches to developing non-dominated solutions 
for a multi-objective programming problem using vector optimization theory (VOP) (Chankong and Haimes 1983). 
These approaches are known as the weighting problem, the kth-objective Lagrangian problem, and the k-th objective 
£-constraint problem. The formulation for each approach follows in standard format: 
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The weighting problem P(w): 
m 

Min Lw1f/x) 
j=l 

Subject to: x e R 
m 

where, w1 :?: 0 and LWJ = l 
j=l 

The kth-objective Lagrangian problem Pk(u): 
Min fk(x)+ L u1f/x) 

Ju 

Subject to: x e R , 
where, .u1 :?: 0 for all j * k 

The kth-objective £-constraint problem Pk(E): 

Min /k(x) 
Subject to: //x) -5. e1 ; j = l, ... ,n, j-:1: k 

xeR 

P(w) 

Osborne (1997) discussed the association of these three methods as described by Chankong and Haimes ( 1983) 
i,ncludjng the theorems that prove that under the convexity assumption, all three approaches are equivalent for some 
values ofw, u, and E. P(w) applies to the combined approaches for multi-objective optimization. For the purposes 
of exploring the conditions and assumptions associated with constrained problems, only the kth-objective Lagranian 
and kth-objective i-constraint approaches will be reviewed further. 

The ne~ssary conditions for noninferiority for the Lagrangian approach is summarized by Chankong and Haimes 
(1983) as: · 

Assuming convexity, ifx* e X* and, for any given k, 
i. Pk( e*) is stable; ' . . 

ii. all fj,j=l, ... ,m, and gi, i=l, ... ,m, are faithfully conve:x with X= ~ e Rnlg;(x) '5: O,i = l, ... ,m} ; 

iii. the constraint of Pk( e*) satisfies Karlin' s constraint qualification; or 
iv. the constraint of Pk(E*) satisfies the regularity assumption ofx*; 

then there exists u* e Uk such that x* solves Pk(u) . 

The sufficient conditions for noninferiority for the Lagrangian approach is summarized by Chankong and Haimes 
(1983) as: 

x* is a noninferior solution ofVOP if for some k there·exists u* e . Uk such that x* solves ·Pk(u), and if · 
either · 

i. u?() for all j * k, or 
ii. x* is the unique minimizer of Pk(u). 

·To test the sufficiency conditions it is easy to see if all uy>0. Furthermore, if the primary objective function is 
shown to be strictly convex then the solution is unique. 

The sufficient conditions for noninferiority for the £-constraint approach is summarized by Chankong and Haimes 
(1983) as: 

Let Yk be the set ofall E such that Pk(E) is feasible. Given~ E in Yk, let x* be an optimal solution of Pk(E). 
Then x* is a noninferior solution of VOP if 

i. x* solves Pk(E) for every k=l, ... ,m; 
ii. x* is the unique solution of Pk(E); or 
iii. The optimal value of Pk(Eo) is-strictly greater than fk(x*) for any Eo~ E*. 

The necessary conditions for noninferiority are (i) and (iii) above. However, if condition (ii) is true then it is 
sufficient to prove that x* is a noninferior solution ofVOP. This then implies that conditions (i) and (iii) are also 
true, proving the necessary conditions. Non-dominated solutions can be found by solving Pk(E) for some E and k and 
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then checking to see if one of the sufficiency conditions hold. A subset of non-dominated solutions can be acquired 
by varying E. However, testing the sufficiency conditions can be difficult. Condition (i) requires Pk{E) to be solved 
for every k to confirm. even one non-dominated solu~on. In other words, for the set of E found when s~lving . 
objective k as the primary objective including the objective value as E for k, when rotating each objective into the 
primary objective position, the same solution is found. In large problems with hundreds of constraints this problem 
could be intractable. However, in MRSM problems the relatively small number of constraints found in most ... 
problems make proving condition (i) possible. Condition (ii) only requires one Pk(E) to be solved but uniqueness 
may be difficult to prove. If the primary objective function is strictly convex then the solution is unique. If the 
primary objective is convex (but not strictly) and differentiable then the solution is unique if the second-order 
sufficiency conditions hold. Condition (iii) indicates that within a local region, that any ~ E* will result in a non
dominated solution. Although this condition is difficult to check numerically, Lin (1977) has established a 
procedure to do so. 

Only condition (ii) relies on the convexity of the primary objective function. Therefore, Pk(E) problems can be 
·solved for nonconvex functions using conditions (i) and (iii). This results in the ability to find every non-dominated 
solution for the constrained problem, regardless of convexity. · 

Lagrange and Karush-Kuhn-Tucker· Multipliers 

For the Lagrangian problem, the value ofuj for all j * k is a constant, known as Lagrange multipliers, that is 

"adjusted" to solve one or more equality constraints . . Lagrange multipliers are the shadow prices of the constraints 
and can be used for sensitivity analysis. For problems with both equality and inequality constraints, the result is 
Karush-Kuhn-Tucker (KKT) multipliers. Some sources use the Lagrange multipliers nomenclature for both types of 
problems. In both cases, the multipliers can be used to determine local trade-offs for the active constraints. The 
multiplier provides the rate of change of the value of the objective function per unit increase in the right-hand-side 
constant of a constraint (Reklaitis, Ravindran and Ragsdell 1983). 

Summary of Noninferior Solutions 

The chart below summarizes ~e method to use for finding noninferior solutions based on the types of response · 
. functions (i.e., convexity). Furthermore, it indicates the type of multipliers to use to conduct trade-offs among the 
objectives. · 

Are all 
objectives 
convex? 

No 

s the Primary 

Yes 

Yes 
Objective Strictly >------...i 

Convex? 

No 

Use Lagrangian Method 

Use £-Constraint Method 
Utilizing Second 

Sufficient Condition 

Use £-Constraint Method 
,..__ _____ ..._-+1Utilizing First and Third 

Sufficient Conditions 
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Transformation of the Response Functions 

In combined approaches to multi-objective optimization, Osborne (1997) showed that individual response functions 
must be transformed to commensurable units prior to their combination. With constrained methods, the form of the 
response function is not an issue because multiple functions are not combined. 

Linear Dependence Between Response Functions 

For linear programming problems, redundant constraints are usually removed (Nash and Sofer 1996). Miettinen 
(1999) defines an objective as redundant if"it is not in conflict with any other objective function." It is suggested 
that linear dependence be checked for linear problems. Miettinen suggests that removing redundant objectives may 
make it easier on the decision-maker. However, determining the redundant constraint to be removed is based on the 
value of the right hand side. As described above, to find all non-dominated solutions, the value of the right hand 
side if each constraint objective would be systematically changed. Thus, the constraint that could be considered 
redundant may change as the values of the right hand side changed. The trade-offs that the decision-maker would be 
required to make would be impacted. To demonstrate, a counter-example is provided. 

Minimize R1=x1+8x2 
Subject to: R2=2x1+2x2 ~ 4 

R3=4x1+4x2 ~-2 
Xi, X2 ~ 

_ Solution (Scenario 1 ): x1=2, x2=0; R1=2. In this scenario R2 is the binding constraint and R3 is the redundant 
· constraint that would have been removed .. 

Now, let the value of the right hand side change to R2~ 5 and R3~ 16. The solution to Scenario 2 is x1=4, x2=0; 
R1=4. Conversely, in this scenario, R3 is the binding constraint and R2 is the redundant constraint that would have 
been removed. The figure below illustrates the two scenarios. 

9 

8 

7 

6 

s 
~ 

3 

2 

2 3 4 s 
xi S:cnario 1 

_ Given the above information about decision-maker preferences and the fact that the binding constraint is dependent 
on the right hand values, it is not recommended to remove what may appear to be redundant responses. 

Correlation Between Response Functions 

Miettinen ( 1999) suggested the correlation of the objective functions be checked for nonlinear problems. If 
objectives are strongly positively correlated then they may be redundant and should be considered for removal from 
the problem. Negatively correlated responses would not be removed. Miettinen suggests that removing redundant 
objectives may make it easier on the decision-maker. However, as above, determining the redundant constraint to 
be removed would be based on the value of the right hand side. See the section above regarding linear dependency 
between response functions for a counter-example. The same arglUilent can be made for nonlinear problems. 
Further, Osborne ( 1997) demonstrated that correlation between pairs of response functions varies dependent on an 
arbitrary selection of design parameter values. Therefore, it is not recommended to remove what may appear to be 
redundant responses based on correlation values in nonlinear problems. 
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Scaling Factors 
Since response functions are not combined in constrained methods, the original objectives do not ne~d to be scaled 
into normalized units. · Utilizing the same example as in the section above, it is shown that multiplying_ an individual 
objective by 1000 has no impact on the solution. · 

Minimize R1=1000x1+8000x2 
Subject to: R2=2x1+2x2 ~ 4 

R3=4x1+4x2 ~ 2 
Xi, X2 ~0 

Solution: x1=2, x2=0; R1=2000. When the primary objective to be minimized is multiplied by 1000, the solution 
remains the same and only the value of the objective function changes. · 

· Minimize · R1=lx1+8x2 
Subject to: R2=2000x1+2000x2 ~ 4000 

R3=4000x1+4000x2 ~ 2000 
X1~ X2~ 

·solution: x1=2, x2=0; R1=2. When the constraint objectives are multiplied by 1000, the solution and the value of the 
primary objective function remains the same as in the original problem. 

Therefore; it is concluded that the objectives can remain in their original units. Further, it is easier for decision-· 
makers to make trade-offs when the ·objectives are in their original units. 

Decision-Maker Preferences 
In order to detelll)ine the most preferred solution, decision-maker preferences must be considered. In constrained 
multiple objective problems, the decision-maker has two types of decisions that are usually made prior to the start of 
the optimization procedure. First, the decision-maker chooses the primary objective or objective to be optimized (in 
some methods all objectives must be ranked in importance). Second, the decision-maker puts some targets or 
bounds on all of the secondary, or constraint, objectives. The additional effort required by the decision-maker 
depends on the method used to elicit the decision-maker's preferences. 

Somewhere in the process, the ·decision-maker's preferences must be taken into consideration to select one of the 
· solutions in the Pareto optimal solution set as "best." A priori methods capture the preferences of the decision

mak~r before beginning the optimization method. A posteriori methods generate a set of Pareto optimal solutions 
from which the decision-maker chooses a preferred solution. Interactive methods provide a platform for decision
makers to provide input throughout the optimization process. The methods differ in the optimization function and 
the amount of information required of the decision-maker (Miettinen 1999) . 

The advantage to a priori methods is that the process tends· to be simple because the problem is usually reduced to a 
single-objective problem using a combined approach. However, the disadvantage is that it is often difficult for the 
decision-maker to provide the necessary preference information. It has been argued in the literature that value 
functions and utility functions should not be used because the decision-maker is required to make hypothetical 
choices between alternatives. It is also difficult for the decision-maker to assess the interpretation of scaling 
constants. Furthermore, preferential independence and utility independence are required for the formulation of 
combined optimization functions (Mollaghasemi and Pet-Edwards 1997). 

The advantage to a posteriori methods is that the decision-maker does not need to be able to provide preference_ 
infonnation up front. However, the disadvantages are that most all or all of the non-dominated solutions should be 
found and then presented to the decision-maker to select the preferred solution, the algorithms are often complex for 
both the analyst and the decision-maker, many problems are too large for this method to be efficient, and problems 
with a large number of non-dominated solutions may be difficult for the decision-maker to choose the "best" 
alternative. A posteriori methods are considered to place the most cognitive burden on the decision-maker and is the 
least popular class of methods (Mollaghasemi and Pet-Edwards 1997). 

The advantages to interactive methods are that they require less information from the decision-maker, the decision
maker is involved throughout the problem, and the information can be obtained incrementally. These methods 

· require fewer assumptions than a priori methods. However, many of these procedures are more complicated and can 
be time consuming for the decision-maker (Mollaghasemi and Pet-Edwards 1997). . 
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Monotonicity is acquired if, for each response objective, an alternative having a smaller outcome is always preferred 
to a larger outcome (Osborne 1997). Preferential independence is acquired if the preference between outcomes is 
not dependent on the levels of the responses. For interactive or a posterori methods, as well as a priori methods such · 
as goal programming when lexicographic ordering is used, monotonicity of preference is not required. When 
utilizing a constrained approach, monotonicity of preference and preferential independence among the responses are 
not required since the response functions are not combined. 

Comparison of Conditions and Assumptions for- Constrained vs. Combined Methods 
The table below provides a summary of the conditions and assumptions necessary for constrained versus combined 
methods. The conditions and assumptions for combined methods were obtained from the work of Osborne ( 1997). 
It is easily seen that.constrained Jl\ethods require fewer conditions and assumptions. 

Constrained Methods Combined 
Methods 

Conditions/ Assumptions &-Constrained Lae:rane:ian Combined 
Independence between the factors No No No 
Independence of the re~ession errors No No No 
Independence between the response functions No No No 
Uncorrelated response functions No No No 
Monotonicity of preference No No Yes 
Mutual preferential independence No No Yes 
Generate non-dominated solutions Yes Yes Yes 
Preserve convexity No Yes Yes 
Account for different n:iamitudes in the response objectives No No Yes 
Generate solutions consistent with decision-maker Yes Yes Yes 
preferences among the response objectives 

Advantages and Disadvantages of a Constrained Approach 
Advantages to the constrained approach are that it can theoretically generate all of the non-dominated solutions and 
it can be easier for a decision-maker to rank order objectives and provide upper bounds or aspiration levels on the 
original objectives. With the constraint method it is possible to find every non-dominated solution by changing the 
value of the upper bounds (RHS) of the constraints and rotating in each of the objectives as the primary objective. 
The disadvantage to this approach is that it can be labor intensive to find the non-dominated solutions since you 
must either show that the solution holds for all objectives or show that the solution is unique. It may also be difficult 
to determine appropriate values for the upper bounds (Chankong and Haimes 1983; Miettinen 1999). However an 
interactive version of the method may reduce the cognitive burden on the decision-_maker. 

Conversely, the combined approach does not guarantee all of the non-dominated solutions, particularly if the 
. problem is nonconvex and it may be difficult for the decision-maker to assign appropriate and consistent weights or 

preferences. As the number of responses increases, it would become increasingly more difficult for the decision-
. maker to apply consistent weights and increases the burden on the decision-maker as to the number of pairwise 
comparisons that would need to be made. Furthermore, with the weighting approach, the objectives may have to be 
scaled or normalized before being combined. This can be difficult· for the decision-maker to interpret the results of a 
weighted and transformed objective, particularly when conducting trade-offs among the non-dominated solutions 
and as the number of responses increases, it would become even more difficult for the results of the weighting 
approach to be interpreted (Chankong and Haimes 1983; Miettinen 1999). 

EVALUATION OF CURRENT CONSTRAINED METHODOLOGIES 

Eight constrained methods are evaluated against the conditions and assumptions defmed above. Four of the current 
constrained methods utilize the Lagrangian constrained method: Dual Response, RPD Dual Response, Process 
Variance Dual Response, and Bias-Specified Robust Design while four utilize the £-Constraint method: Nonlinear 
Dual Response, Direct Function Minimization, Constrained Confidence Regions, and Goal Programming Satisficing 
Algorithm. A brief summary of the methodologies along with the evaluation ofthe methods follow. 
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Dual Response 
Dual response is a method introduced by Myers and Carter by which a set of optimal parameter se~ings are found 
by optimizing a primary response .subject to the constraint of a secondary response. A secondary con~traint may be 
applied to keep the solution within a region of interest. · Lagrangian multipliers are used to find the optimum values 
of the parameters (Myers and Carter 1973). Myers and Carter restrict this method to only quadratic functions of the 
responses. However, it is more appropriate to restrict the method to functions that are shown to be convex. Fprther, 
the region of interest must be selected appropriately, or the metliod may not generate non-dominated solutions. The 
method does allow for decision-maker preferences with the selection of the primary response and the target for the 
secondary response. However, the method provides for a single solution point and does not specify the use oftrade
offs between the responses that may lead to a "better" solution for the decision-maker. 

RPD Dual Response 
Vining and Myers ( 1990) utilized the dual response methodology to solve the three goals identified by Taguchi by 

. achieving the mean response objective and minimizing variance. For the target is best goal, the primary response is 
to minimize the variance and the mean target is the secQndary response. For the other two goals, the mean is the 
primary response while the variance is the secondary response. Similar to Myers and Carter, Vinings and Myers 
restrict this method to only quadratic functions of the responses. However, it is more appropriate to restrict the 
method to functions that are shown to be convex. Further, the region of interest must be selected appropriately: or · 
the method may not generate non-dominated solutions. The method does allow for decision-maker preferences with 
the selection of the primary response and the target for the secondary response. The authors suggest running the 
optimization for multiple targets to provide for a set of solutions from wnich the decision-maker can select the best 
compromise solution. However, the method generates only a subset of solutions and does not discuss utilizing 
trade-offs. Therefore, the decision-maker may not select the most preferred solution. 

Process Variance Dual Response 

Further, Miro Quesada and Del Castillo (2004) provided a revised form of the variance response for the dual 
response problem that takes into account both the variability created by the randomness of the noise factors and the 
uncertainty in the parameter e~timates. This method is subject to the convexity assumption. Furthermore, this· 
method is only used for problems where the primary response is to reduce the variance. The decision-maker only 
determines the bounds on the mean response and the bounds have to be normalized for this procedure. This makes it 
more difficult _for the decision-maker to understand the results. Only one solution is generated. 

Bias-Specified Robust Design 

Shin and Cho (2005) addressed the ''target-is-best" goal by developing a bias-specified robust design (BSPD) model 
that allows for some process bias. Similar to the Process Variance Dual Response Method, the BSPD method only 
addresses the problem where the primary objective is to minimize the response. The decision-maker does specify a 
target for the mean and the amount that the mean can vary from the target. The authors do discuss using Lagrangian 
multipliers to allow for further trade-offs among the response~, providing additional flexibility for the decision
maker to find the best compromise solution. However, since the Lagrangian method is used, the response functions 
must be convex. 

Nonlinear Dual Response 

Del Castillo and Montgomery (1993) developed a ,ionlinear programming approach to solve the sameTaguchi goals 
that Vining and Myers addressed as well as having the flexibility to solve other types of problems including mtxture 
experiments. Del Castillo and f\:1ontgomery suggested using the generalized reduced gradient (GRG) algorithm to 
solve the problems. This method is not restricted to the convexity condition and will generate non-dominated 
solutions. The decision-maker process includes determining the primary response and targets or bounds on the 
secondary responses. However, this method does not discuss utilizing trade-offs to find a potentially preferred 
solution to those generated based on the selections that the decision-maker defines a priori. 

Constrained Confidence Regions 

To address the problem of sampling error, Del Castillo (1996) presented the idea of finding confidence regions for. 
· quadratic responses or confidence ·cones for linear responses. For quadratic responses, the Lagrangian function is 

maximized for each response subject to the Karush-Kuhn-Tucker conditions utilizing the GRG algorithm. For linear 
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responses, Box and Draper's methodology of finding confidence cones is utiliz.ed. Then a primary response is 
optimiz.ed subject to the confidence regions and confidence cones found in the previous step. This method is not 
restricted to the convexity condition and will generate non-dominated solutions. The decision-maker determines the 
bounds on the secondary responses and can select the confidence level used to generate the solutions. The author 
suggests running the optimization at varying levels of confidence to generate multiple solutions that the decision
maker can chose among. However, this method only generates a subset of the solutions and does not guarantee the 
''most'' preferred solution. 

Direct Function Minimization 

Copeland and Nelson (1996) proposed a variation to the mean square error criterion, a direct function minimization, 
that places a restriction as to how far the mean can deviate from the target and recommended using the more familiar 
simplex procedure. This method is not restricted to the convexity condition and will generate non-dominated 
solutions. The decision-maker process includes determining the primary response and targets or bounds on the 
secondary responses. However, this method only generates one solution and does not discuss utilizing trade-offs to 
find a potentially preferred solution. · 

Goal Programming Satisficing Algorithm . 

Rees, Clayton, and Taylor (1985) combined the techniques of response surface methodology and goal programming 
by introducing the use of the satisficing algorithm. This methodology requires that the decision-maker rank the · 
priority of the responses and provide a target or minimum level of attainment required for each response or goal. 
The satisficing algorithm, utilizing the path of steepest ascent, first optimizes the highest ranking response. Then the 
algorithm systematically attempts to find the optimal solution for each of the other responses within the region of 
interest that satisfies all higher priority goals without violating a higher goal. This method is not restricted to the 
convexity. condition and will generate non-dominated solutions. The decision-maker is involved in ranking the 
priority of the responses and selecting target levels for the responses. This method does not provide for evaluating 
trade-offs among the responses. It is.assumed that the optimal solution generated by. high priority goals is the "best" 
solution~ · 

Summary 
The largest gap identified in the current set of constrained methods is the ability to find the decision-maker's 
preferred solution. All of the methods provide for decision-maker input. HQwever, most methods were limited to 
only a priori input and did not allow for evaluation of trade-offs among the responses. 

CONCLUSION . 
This paper discussed the development of conditions and assumptions associated with constrained multiple response 
surface optimization methodologies and the advantages of utilizing a constrained method versus combined method 
to solve multiple response surface optimization problems. Eight constrained multiple response surface methods 
were evaluated against the required conditions and assumptions. The largest gap existed in the ability to find the 
decision-maker's preferred solution. The authors are continuing the development of a new constrained multiple 
response surface methodology including determination of relevant performance measures, a method to generate 
solutions that improve the decision making process and addresses the preferences of the decision-maker, and the 

· evaluation of the new constrained methodology. This.approach seeks to integrate relevant approaches from decision 
. theory and constrained nonlinear optimization to generate a robust approach to MRSM that will truly capture the 
decision-maker preferences. 
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MATCHING RECORDS IN MULTIPLE DATABASES 
USING A HYBRIDIZATION OF SEVERAL TECHNOLOGIES 

Xiaoyi Wang, Suraj M. Alexander, Barry Griffin 
University of Louisville 

INTRODUCTION 
Many health cm:-e systems have multiple legacy and information systems that support their heal~ care professionals 
for tasks such as patient record keeping, patient monitoring, care planning diagnosis and health care administration 
for tasks such as billing [l, 2]. In order to facilitate data storage and retrieval, data is stored in large databases 
utilizing a variety of database man~gement system (DBMS). However, these systems contain a great deal of 
redundant, summarized, and overlapping data objects that are often interdependent [3, 4]. The lack of a common 
data model, errors in data ·flows, errors during data entry, or situations where updates are not reflected into the 
database cause inconsistencies to arise. Kukich [5] found that the average error rate is 1-3% in typed data, 1-6% in 
optical character recognition (OCR) processed data, and 5-6% in data obtained by voice communication, 
respectively. Today, these inconsistencies are common in systems and are the cause of significant revenue loss. 
Elmagarmid [ 6] reported that up to 25% of customer records are erroneous in a typical billing system. 

• One of these problems is that data objects can exist in multiple variations in different databases; for example, a 
patient record saved in databases as [Kate Simpson, Louisville, KY 40217] and [Kate Simson, Louisville, KY 
40217]. This may cause duplicates in database systems and significantly increase the costs in areas such as mailing. 
In addition, such inconsistencies may cause incorrect patient records linkage. Data quality problems block recording 
of real-world objects correctly. Typically available identifiers such as first name, last name, date of birth, gender and 
address components may not uniquely identify matches because of legitimate variations [7]. · 

This article presents a methodology that could be applied to match patient record in multiple resources or eliminate 
duplicates in a single database. In the following sections, a list of potential technologies ·that could be used to 
address the problem, a brief discussion of existing matching algorithms and a potential solution using a 
hybridization of several technologies is presented. 

BACKGROUND 
The problem of defining service recipients eligible for third party payments can be stated succinctly: given a service 
recipient's record from a hospital database which of several, possibly numerous, similar records in .an appropriate 
payer's database match the recipient? The fundamental questions to be answered include:-

1. Are some matches better than others? 
2. Which is the best match? 
3. Will drawing on several selected input sources increase the likelihood of matches? 
4. Can a preferred "identity" be constructed from the input sources; and if so, how? 

When the requirement is to link records at different times and in different places, in principle it would be possible to 
_link such records using a unique personal identification mnnber. In many cases, encountered in practice; the 
identification number is neither unique nor error-free.· In some of these cases, the evidence presented by the 
'identification codes, (i.e., primary key, object id, etc.), may point_out that the records correctly correspond or 
correspond to different or unknown identities [8]. Therefore other ~puts such as the use of last name, first name, 
data of birth, gender and address, have been necessary to identify different records relating to the same person. This 
paper addresses the issue of "approximate" matching of patients' records when there is no unique identification 
number. 

The two principle steps in the "approximate" record matching process are the searching of potential pairs of records, 
the searching step, and the decision whether a given pair is correctly matched, the matching step [8]. For the 
searching step, the goal is to reduce the number of failures to bring linkable records together for comparison. For the 
matching step, the goal is to let the computer score the closeness of matching when some attributes of records match 
exactly and others do not. There is also a speed issue in the matching process because the searching step is 
computing intensive, especially when there are millions of records located in several databases. 
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THE PATIENT RECORD MATCHING PROBLEM 
Patient data in a hospital can come from various sources. Most hospitals have a central admission ~d discharge 
office, but only for admitted patients. Outpatients are entered in the outpatient clinics [9]. Some data are 
electronically transferred, such as Health Care Financing Administration forms, laboratory results, or phannacy 
reports. There are a variety of input errors, including phonetic errors, incorrect data entry (added spaces, missing 
spaces, invalid characters), and reversal of first and last name (especially in Asian names) are common. Fields.31.re 
sometimes misused and addresses either run on or are broken at inappropriate places. Nicknames, abbreviations, 
encoded information (such as 1 = married, 2=single), and the use of Jr., Sr., III, and hyphenated names may lead to 
mismatches. Valid changes of address, marital status, in addition to name changes can cause matches to be missed. 
Fraud and missing data are also potential problems [10]. 

Databases frequently contain approximately duplicate fields and records that refer to the. same real-world entity, but 
are not identical, as illustrated by the following example: · 
A hospital has a database with thousands of patient records. Every year it receives new patient data from other 

· sources, such as the government or local organizations. It is important for the hospital to link the records in its own 
database with the data from other sources. However, usually the same information (e.g., name, SSN, address, · 
telephone number) can be represented in different formats. For instance, a patient name can be represented as "Dan 
Ford" or "Ford, D." or other forms. 1n·addition, there could be typographical errors in the data (11]. 

When information is provided orally, the phonetic characteristics of a name can be misheard, while errors with . 
written forms can occur because oflegibility problems or spelling mistakes [9]. Bell [12] found .that Minneapolis
based health system, like many large health systems across the country, used to receive hundreds of returned mails 
items per month,· most of which were patient bills that had not found their home. Sometimes, the address would be 
offby a single digit, whether in the street@.(idress or the patient's zip code. Other times, the address was so 
completely off base that it left financial services·employees wondering whether the patient had intentionally 
supplied.an incorrect address in hopes of eluding payment. 

It is so important to choose identifiers for record linkage. Weiner et al. [13] discuss that although social security 
number (SSN) might appear to represent a unique, nation-level identifier, inaccuracies occur in practice, due to 
patients' use of relatives' SSN for insurance-related or administrative purposes. In addition, errors, missing data, and 
other factors decrease the validity of this identifier. Medicare beneficiaries receive unique identifiers, but many 
patients are not Medicare beneficiaries, and the identifiers may not be easily memorized by patients or available in 
all databases. These numbers, too, may be used by dependents in some circumstances. In fact, whenever individuals 
use other individual's identifiers as their own - whether. intentionally, unintentionally, appropriately, or 
inappropriately - the identifier becomes potentially invalid, and this is generally the case without biometrics or secret, 
strong passwords or tokens as identifiers. 

POTENTiAL MATCHING METHODS 
Efforts to consolidate patient data coming from heterogeneous databases with different identification schemas have 
a long history. Automated methods for linking patient records have been described as early as the 1970's [9, 14]. A 
variety of algorithmic methods can be applied to the matching problem. String comparison methods use comparison 

-of individual letters to determine matching fields [10]. 

String comparison methods 
The p~blem of approximate string matching involves finding the text positions that match a pattern with up to K 

errors. Each application uses a different model, which defines the magnitude of difference between two strings, 
which is usually expressed as a ~'distance" between two strings [ 15]. 

The most commonly used distance functions in literature are: 

i. Hamming distance: Hamming distance is the number of positions with different characters between two 
words of the same length [10]. 

(1) Let a,b e L· Define 
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(2) Let X = X0 , X1 • • • X n-I and Y = Yo, Yi, · · y n-l be two strings over alphabet L then the hamming 

distance between X and Y ( ham( X, Y) is defined as 
def n-1 · 

ham(X,Y) = Lneq(x;,Y;). 
, i=O . . 

Hamming distance allows only substitutions. The distance is symmetric, and it is finite whenever I x I = I y I . In this 
case it holds 0 ~ d(xt y) ~ Ix I [Navarro 200 I]. 

ii. Levenshtein distance: or edit distance allows insertion, deletions, and substitutions [15). It measures the 
number of changes morphological changes required to make one string into the matching string (not 
necessarily of the same length) [Bell and Sethi 2001). The distance is symmetric,it holds O ~ d(x, y) ~ max 
(Ix I, IY I) [Navarro 2001).The edit distance of two strings can be denoted as ED (strl, str2). Levenshtein 
algorithm is often applied by its normalized variation [15), The most popular variation is to normalize the 
edit distance of two strings by their maximum length: 

iii. Episode distance: allows only insertions. In the literature the search problem is often referred to as 
"episode matching", since it model the case where a sequence of events is sought, where all of them must 
occur within a short period. This distance is not symmetric, and it QJ.ay not be possible to convert x into y in 
.this case. Hence, d(x, y) is I y I - Ix I or oo [15) · 

iv. Longest common subsequence di~tance: allows only insertions and deletions, The name of this measure 
refers to the fact that it measures the length of the longest pairing of characters that can be made between 
both strings,. so that the pairings respect the order of the letters. The distance is the number of unpaired 
characters. The distance is symmetric, and it holds d(x, y) is O ·~ IY I·+ I xi [15). 

v. Jaro [16) introduced a string comparator that accounts for insertions, deletions, and transpositions. The 
basic steps of this algorithm include computing the strings and the number of common characters in the two 
strings and the number of transpositions. The string comparator value is given by the following formula: 

1 N N · N - N -- ;,· · -• { ) __ * { common + common O 5 * common .,..,,..posuion) . Sim s1,s2 - --- . -i:" • 
3 LSI LS2 . . Ncommon 

Where S 1 and S 2 are the two strings to be compared, with lengths L st and L 32 , respectively. Ncommon and 

N,ransposition are the numbers of common characters and transpositions respectively. 

• Winkler [17] modified the original string comparator introduced by Jaro in the following three ways: 
1. A weight of0.3 is assigned to a 'similar' character when counting common characters. Winkler's model of 

similar characters includes those that may occur due to scanning errors (" 1" versus "I") or key punch errors 
("V'' versus "B"). 

2. More weight is given to agreement at the beginning of a string. This is based on the observation that the fewest 
typographical errors occurs at the beginning of a string and error rates increase with character position through 
the string. · 

3. The string comparison value is adjusted if the strings are longer than six characters and more than half the 
characters beyond the first four agree. 
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.Probability Methods . 
When pairs of records are brought together for comparison, decisions must be made as to whether these are to be 
regarded as linked, not linked, or possibly linked, depending on the various agreements and disagreements among 
identifying information fields. Once a field agreement (match) or field disagreement is determined, probabilities are 
used to define a level of confidence in the decision [IO]. The probabilistic method for record linkage was introduced 
by Fellegi and Sunder, 1969, and Newcombe et al., 1959. Fellegi and Sunter [18) gave a formal model for record 
linkage that involves optimal decision rules that divide a product space Ax B of pairs of records from two files A 
and B into matches and nonmatches, denoted by Mand U, respectively. For fixed bounds of the proportions of false 
matches and.false ·nonmatches, the size of the set of pairs on which no decision is made is minimized. The 
expectation-Maximiz.ation algorithm was used to obtain maximum likelihood estimates [7, 21). 

Fellegi and Sunter in [18), made the concepts introduced by Newcombe et al. in [19) rigorous by considering ratios 
of probabilities of the form: 

R = P(~ E XIM) IP(~ E XIU) 

where ~ is an arbitrary agreement pattern in the comparison space X. The theoretical decision rule is given by: 
( a) If R > UPPE~ then designate pair as link. 
(b) If LOWER~ R ~UPPE~ then designate the pair as a possible link and hold for clerical review. _ 
(c) If R <LOWE~ then designate the pair as non-link. · 
The UPPER and LOWER cutoff thresholds are determined by a priori error bounds on false matches and false 
nonmatches. Fellegi and Sunter showed that the decision rule is optimal in the sense that for any pair of fixed upper 
bounds on the rates of false matches and false non-matches, the manual/clerical review region is minimized over all 
decision rules on the same comparison space X. If now, one considers the costs of the various actions, that might be 
taken, and the utilities associated with their possible outcomes, it is desirable to choose decision rules that will 
minimize the costs of the operation [8]. With the Fe)legi-Sunter algorithm, the results are based on the input 
statistics regarding the probability of error (m value) that is not a known quantity and must be estimated for any 
given term [10). 

Existing Matching Algorithms 
Bell and Sethi [1 O] conducted a search of existing software for record matching. The ideal approach of comparing 
existing algorithms is to use ·a test database and test cases to measure type I and type II errors. A type I error occurs 
if an unmatched comparison is erroneously linked while A type II error occurs if a matched comparison is 
erroneously not linked [7, 20, 21, 22]. The speed of operation also needs to be considered in algorithms comparison. 
However an accepted set of test cases dose not exist, nor have all the developers agreed to participate in such a test. 
Thus, the best that can be done at this time is to compare the algorithms on a theoretical basis. 

The U.S. Bureau of the Census has an algorithm based on Fellegi-Sunter that only works with simple flat databases 
[10). 

The Language Analysis Systems company has a unique position in matching analysis in that it has the 
only ethnic detection algorithm but it focuses only on names. The Search Software America company does not use 
Fellegi-Sunter model, and has a multistep process with the ability to put in rules for heuristics [IO]. 

Match Ware is a commercial software product developed by Match Ware Technologies Inc. The capabilities of 
Match Ware were incorporated into the software product Integrity after Vality Technologies Inc acquired 
Match Ware in .July 1999. Match Ware uses Fellegi-Sunter model and rule based parsing, and provides two -services: 
standardization and matching. Match Ware provides standardization services by which name and address are broken 
into distinct components. These standardized components provide an efficient means of searching the database by 
using names and address information. In order to account for ''Name Standardization", Match Ware removes 
commonly used words in business names, like "The", "Of', "Inc", "Company", etc., that do not provide any . 
additional information to establish an identity by name. Match Ware then converts the first five significant words of 
the remaining words of the name to their root form to eliminate variations in spelling or usage. Words like Robert, 
Robbie, Bob, Rob would all be converted to the same root word by this process. Finally, Match Ware provides the 
capability of converting to SOUNDEX, REVERSE. SOUND EX and NYSIS forms, which are based on the way a 
word sounds. These can compensate for spelling errors in a query when searching. 
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The Oxford record linkage system (OX-LINK) which uses the Fellegi-Sunder model, with its use of the Oxford 
name comparison algorithm (ONCA), the calculation of the names weights, the use of orthogonal matrices to 
determine the threshold acceptance weights, and a suit of combinational and heuristic algebraic algorithms to select 
the potential links between pairs ofrecords.[23] 

. METHODOLOGY 
Matching service recipients to Medicare eligibility records is a major problem for health care providers. To alleviate 
this problem, this paper describes an approach to approximate matching utilizing several technologies. This method 
is designed to accept users repeated calls to third party payer databases on the basis of HIC number (Health 
Insurance Code), last name, first name, date of birth and gender, and to deliver a ranked list of candidate matches. 
As the search stage is executed, all resulting matches are included in the candidate pool. . . -( = 0 

i UHr 
Interface 

~~ 

-( =:. 0 
Fig. 1 Patient records matching application 

Candidates 
Pool 

During the matching process, the matching algorithm compares all the candidates to the presented record in the 
query ~d assigns each candidate a score. 

General System Architecture . 
After appropriate formatting transformations, a similarity score is determined for each contested pair of attribute 
fields. The similarity scores are "fuzzified" into linguistic terms, such as, "small", '~somewhat small", "large", etc . 

. for a given- contest pair. An inference system using syllogistic rules derives "fuzzy" conclusions that can be 
interpreted as ranking scores. 

Attribute Similarity Measurements , . 
For the record matching problem, each attribute, such as the RIC number, last name, and first name of a contested 
record is compared with its counterpart in the potential record and evaluated for similarity. In the literature, there are · 
several methods to measure the similarity of two attribute strings. These include, the Levenshtein String Distance 
Statistic [IS, 24], that determines the minimum number of"primitive" errors (insertions, deletions, and substitutions) 
to convert a presented string into a contested string, and that introduced by Jaro [25, 26], to take into account typical 
spelling deviations for measurement of closeness of two strings for comparison. Jaro's string distance metric 
accounts for insertions, deletions, and transpositions. After some evaluation, this is the method that is selected. As 
defined earlier, Jaro's method evaluates the similarity of two -strings by the follow formula: · 

1 N N . N -N .,. • ( ) = _ * ( common + common + 0 5 * common transpost ton ) Slm s1,s2 --- --- • 

3 Ls1 • Ls2 Ncommon 

Where S 1 and S 2 are the two strings to be compared, with lengths L st and L si respectively. Ncommon name, the 

users have more assurance of overall record match than if the .natne matches to a common name. and Ntranspostions 
are the numbers of common characters and transpositions. For example, "Taylor'' - "Tyalor'' and "Taylor'' -

"Sailor'', the values of similarity calculated by Jaro's string distance metric are sim1 = 0.7778 and sim2 = 0.6111, 

respectively, which means that "Tyalor'' is the better match. This result is identical with human judgment. Let's take 
a look another example of first name comparison. For two pairs: "Martha" -"Marhta", and "Jonathon" - "Jonathan". 

The values of similarity by Jaro's string distance metric are sim 1 = 0.7000 and sim 2 = 0.6750, respectively. The 

"Martha" - "Marhta" with value 0. 7000 in contrast to the "Jonathon" - "Jonathan" pair with value of 0.675 shows 
that transposition of two characters does not cause too much down weighting. 

155 



Proceedings of the 2007 IEMS Conference 

In addition to how well the value of similarity of two strings indicates a match, we will also consider whether the 
last name shown on the contested record is rare or not. Name rarity can be measured by the relative frequency of the 
name in the database consisting of all service and eligibility records. High relative frequency indicates a common· 
name and low frequency, a rare one. If a presented name matches to a rare contested name, then likelihood is high 
that this represents a true match. 

Linguistic Concept Measurements 
This system requires quantitative measures of linguistic concepts; quantizing a linguistic concept is a two-step 
process: 

1. Determining a quantitative measure of the similarity and 
2. Assigning a number between O and 1 to represent how strongly the comparison or attribute measure relates 

. to a linguistic concept. 
For example, Jaro's ·distance metric can be used to define a quantitative-measure of similarity. In the next section, 
we describe how to link this measurement to a linguistic concept via membership functions. For example, if x = 

· · sim(s1 ,s2 ) fora given presented-contested last name pair, and '~l" represents "large sim(s1 ,s2 ) m1 (x) defines 

how strongly a sim( s 1 , s 2) value of x relates to the lhlguistic concept "large sim( s 1 , s 2 ) ". Possible membership 

functions are listed below and illustrated in Figure 2: 

a) "large sim(s1 , s2 ) ", m 1 (x) 

b) "somewhat large sim(s1, s2 ) •:, m 2 (x), 

c) "smallsim(si,s2 ) ", m 3 (x), 

Membership Function Graph 
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l
-m1(x) 
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. Fig.2 Membership Function for last name pair 

-x+L0 0 ~ X < 0.1 

-8x+l.7 0.1 ~ X < 0.2 

- (1 / 8)x + 118 0.2 ~x~l.0· 

0 elsewhere 

10x 0 ~ X < 0.1 

-(8/3)x + 19/15 0.1 ~ X < 0.4 

- (1 I 3)x + 113 0.4 ~ X ~ 1.0 

0 elsewhere 
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0 ~ X < 0.4 

0.4~x<0.6 

0.6 ~ X ~ 1.0 

elsewhere 

In a similar fashion the degree of"largeness, somewhat largeness, and smallness" for the other attributes for a given 
presented - contested pair, can be defined. These membership functions represent the linguistic terms that go into 
the premises. The conclusions are represented with four membership functions for "favorable, somewhat favorable, 
somewhat unfavorable, and unfavorable". Once processed, the inference engine produces a priority from 0 to I 00 
that defines the strength of the overall match. 

Rotes· of Inference 
·If the last name, first name, HIC number, date of birth and gender are the attributes used for records matching. All 
possible levels of those attributes in rules are: · 

Last name: 3 ways, large sim( s 1 , s 2 ) , somewhat large, small sim( s 1 , s 2 ) 

First name: 3 ways, large sim( s 1 , s 2 ) , somewhat large sim( s 1 , s 2 ) , small sim( s 1 , s 2 ) 

IDCnumber: 3 ways, largesim(si,s2 ), somewhatlargesim(si,s2 ), small sim(si,s2 ) 

Last name rarity: 2 ways, rare or common 
Date of birth: 2 ways, adequate or in adequate 
Gender: 2 ways, matched or mis-matched 
We structure primitive inference rules using only the "and" operator in the premises. These rules represent all the 

. combinations of attribute measures. The sample primitive rules for match inference fs as shown in table 2 
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HIC Last Name Last Name Date of Birth Gender First Name 
Number sim Rarity sim 
Largesim Largesim Rare Adequate Matched Large sim . 
Largesim Large sim Rare Adequate Matched · Somewhat 

·large sim 
Largesim Largesim Common Inadequate Mis- Somewhat 

matched large sim 
Largesim Largesim Common Inadequate Mis- Smallsim 

matched 
Largesim Somewhat Rare Inadequate Matched Somewhat 

large sim largesim 
Somewhat Somewhat Rare Adequate Mis- Somewhat 
largesim large sim matched _ large sim 
Somewhat Somewhat · Common Inadequate Mis- Smallsim 
large sim large sim matched 
Smallsim Largesim Rare Adequate Mis- Smallsim 

.matched 
Smallsim Smallsim Rare Inadequate Matched Somewhat 

large sim 

Table 2 the sample of primitive rules for matching inference 

F - Favorable, SF- Somewhat Favorable; SU-. Somewhat Unfavorable, U - Unfavorable 

The syllogistic rules and inference engine•use membership functions of the inputs as 

Overall 
Match 
F 
F 

SF 

SU 

u 

SF 

u 

SU 

u 

premises to derive the membership function for the conclusion. An inference engine consists of two parts: 

.... 

1) A rule processor that evaluates the premises of each rule in the rule set and establishes the degree of 
overall match according to that rule, and 

2) An aggregation routine· that combines the individual judgments into a single conclusion set and defuzzifies 
this into a numerical priority index between O and 100. · 

Numerous methods are available for scoring the rules and aggregating results into a priority index. As an example, 
Mamdani [27] direct inference with centroid defuzzification can be used to derive a priority index. 

CONCLUSION 
This paper has presented a framework and methodology for alleviating the records matching problem among data 
bases. Jaro's string comparison method was selected to measure the difference between two attributes ofa record. 
Rules were developed for patient record matching among multiple databases. Fuzzy logic is applied to link to 
linguistic concepts and an inference system combines judgments into a single conclusion set and defuzzifies this into 
a numerical index~ defining a matching score. 

FUTURE WORK 
Using simple weights to assess a value for the "quality of match" of each attribute may yield efficieneies in 
processing and could be an alternative to ranking via fuzzy set theory. When matching candidates have been 
generated, the output includes the entire candidate matches along with the corresponding set of attribute similarity 
scores. The total object similarity score might be calculated as a weighted sum of the attributes similarity scores. 

Each attribute has a uniqueness weight that is a heuristic measure of the importance of that attribute. This is to 
reflect the idea that we are more likely to believe matching between unique attributes because the values are .rarer. 
The uniqueness weight of an attribute is measured by the total number of unique attribute values contained in the 
attribute set divided by the total number of values for that attribute set. 

Some type of learning algorithms, _such as decision tree learning, might be applied for improving the effectiveness·of 
matching rules. The purpose of learning the matching rules is to achieve the highest possible accuracy for object 
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matching. Matching rules contain information about which combination of attributes are important for determining 
the matching between two objects, as well as, the thresholds on the similarity scores for each attribute. Thresholds 
must be set to decide which linkages should be accepted as true without any human evaluation. If the threshold is set 
too low, the defined linkage groups may incorrectly join the medical records for different persons. But if the 
threshold is set too high, there will be undesired duplication of persons in the systems. Several matching rules may 
be. necessary to properly classify the objects for a specific domain application. Examples of matching rules in this 
domain are shown below: 
Rule I: Last name > 0.8 and Gender> 0.9 + Matched 
Rule 2: Last_name > 0.8 and HIC > 0.85 + matched 
These rules are obtained through decision tree learning [28; 29]. Decision tree is an inductive learning technique. A 
metric called information gain measure, which is how well an attribute divided the given set of training data by their 
classification (matched/not mat.ched). Creating the decision tree is an iterative process, where the attribute with the 
greatest information gain is chosen at each level. Once a decision tree is created, it can be converted into matching 
rule, like those defined above. 

I Last name> 0.8 I 
Result: - Result:+ 

( Not matched ) • Gender> 0.9 

Result:+ Result: -

HIC>}l.ss 
-. 

( ______ M_at_ch_ed_~) 

Result: Result:+ 

.. 
( Not matched ) ( 

' ... 
matched . ) 

Fig 3 Decision Tree Example 

Increasing the set of input attributes such as address, plac.e of birth might improve the quality of matching. 
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IMPROVING GROUND SPEED AND DIRECTION ESTIMATION FOR BIOLOGICAL TARGET 
DISCRIMINATION ON SURVEILLANCE RADAR 

Robert Diehl, Junfeng Gu and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
The current U.S. system of Doppler weather radars gives biologists the opportunity to monitor and study birds' 
movement patterns. Unfortunately, Biologists are faced with challenge of determining the identity of radar targets; 
in particular, to distinguish between radar echoes caused by birds from those caused by insects. The most 
commonly applied method for determining target identity calls for an analysis of target airspeed where insects fly 
considerably slower than birds~ Estimating ground speed and direction from radial velocity data is prerequisite to 
estimating airspeed. Unfortunately, methods used by biologists to estimate ground speed and direction from radial 
velocity data are often either tedious, hands-on, time consuming, qualitative, or lack precision. In this paper, we 
apply a known approach for estimating ground speed and direction from radial velocity data as a way of improving 
upon ·existing methods for target discrimination between birds and insects based on analyses of target airspeeds. 

· The approach has implications for radar biological studies beyond target discrimination. 

Biologists using data from NEXRAD (NEXt generation weather RADar) and other radar systems to study the 
movements of animals aloft face the continuing challenge of identifying their radar targets. Birds, insects, and bats 
exhibit migratory and non-migratory movements, and at one time or another, each can dominate the airspace. 
Analysis of target airspeeds is the most available method for discriminating between bird- and insect-dominated 
migrations on weather surveillance radar (Gauthreaux and Belser 1998, Gauthreaux et al. 2003,_ Diehl and Larkin 
2005, Larkin 2005). (Distinguishing birds from bats remains a dilemma.) Airspeeds are the speeds of targets with 
respect to the wind. Insects generally lack the power to fly at velocities that differ considerably from prevailing · 
winds, therefore after subtracting the contribution of wind, insect speeds.are usually <6 m·s-1 (Schaefer 1976, Larkin 
1991~ Gauthreaux and Belser 1998) and nearly always <10 m·s-1

• 

METHODS 
We determine airspeed by subtracting the wind velocity from the ground velocity - the speed and direction of 
targets with respect to the ground (Gauthreaux and Belser 1998, Diehl et al. 2003). Ground velocities are 
determined from radar radial velocity data ( e.g., Fig. I) collected about three hours after local civil twilight, when 
most bird migration begins. This allows time for migration to initiate and develop to a relatively stable, post-takeoff 
state before we attempt target discrimination through analysis ofairspeeds. 

Ground velocities are estimated directly from radar radial velocity data which provides information on both the 
ground speed and direction of targets. In a typical radial vel_ocity image of mid-nocturnal migration (Fig. I), only 
regions ofhighest positive (darkest red) and highest negative (darkest blue) velocity reflect the true ground speed of 
targets. In these regions, birds are moving either directly away from (red) or directly toward (blue) the radar. 
Outside these regions, a greater proportion of the birds' movement is tangential to the radar so velocities along those 
radials are lower or near zero (white; called the velocity null). 
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Figure 1. Doppler radial velocity around Brownsville, TX ( KBRO) - 17 May 2005 at 2336 CDT 

The radial velocity on figure 1 is scaled to the left in m·s-1
• The radar is located central to the image, and the antenna 

is tilted 0.48° above the horizon. Data were filtered to retain ranges between 9.5 and 100 km from the ra~. Shades 
of blue indicate some component of movement is toward the radar; shades of red, away from the radar; and white, 
movement perpendicular to the radar beam. The direction of movement is generally blue to red; here from nearly 
due south. Missing data to the east represents a real absence of targets over the Gulf of Mexico. 

Weather surveillance radars survey such large geographical areas that the earth curves out from beneath the radar's 
beam at long ranges from the radar. As a result, the beam travels ever higher into the atmosphere with increasing 

· range. In effect, moving out in range from the radar is akin to moving up in height above ground level. By 
estimating ground velocity at all ranges, we can construct vertical profiles of speed and direction and in tum 
estimate target airspeeds at multiple heights above ground level (AGL). 

We determine ground speed and direction using an approach which incorporates radial velocities from all azimuthal 
directions around the radar (Browning and Wexler 1968). In this method, we apply a moving window approach 
where ground speed and direction are estimated (as described below) for velocities at all azimuths for a target range 
(beginning with our closest range, here 9.5 km) using data from ±1 km range window about the target range. The 
target range and its associated window is then advanced one range gate (which is 0.25 m, so the next target range is · 
9.75 km) and speed and direction are again estimated. This process is repeated until MAX_RANGE is reached 
(here 100 km), leaving us with estimates of ground speed and direction for each range. 

Using data from a narrow window of ranges prevents overestimating or, more likely, underestimating ground speed 
due to wind shear which is often present in radial velocity data. By a process of least-squares minimization (SAS 
Institute 1990; PROC NUN), the kinematic properties of target motion captured by a given range window of radial 
velocity data are modeled as 

vr = ucos0sin~ +vcos0sin¢ + wsin0 (I) 

Following meteorological conventions, v, is the predicted radial velocity in m·s-1
, u and v are the northward and · 

eastward horizontal components of movement respectively in m·s-1
, w is the vertical component of movement, 0 is 
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the beam's angle of elevation above the horizon (here 0.48°), and <Pis the azimuth. The least-squares methods 
converge on an optimal fit of equation (1) to radial velocity data (Fig. 2), generating a set of parameter values for u, 
v, and w as well as predicted v,. 

Target horizontal ground speed is then determined using the Pythagorean theorem on u and v components, after 
adjusting for small bias due to beam elevation angle. Target direction is determined from the tangent of the ratio of 
adjusted u and v (Browning and Wexler 1968). For each minimization of equation (I) to a radial velocity window, 
we also compute an adjusted R2 as a measure of how well model fits explain variation in radial velocity data. 

Target airspeeds and headings were estimated by vector-subtracting wind speeds and directions ( obtained from 
archived radiosonde data [http://weather.uwyo.edu/upperair/sounding.html]) from the ground speeds and directions 
estimated by the~ approach des~ribed above. 
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Figure 2. The distribution of the velocity and azimuth data 

In figure 2, velocity-azimuth diagram (V AD) of data spanning the 34-35 km inclusive range window. 
Black squares represent individual radial velocities measures by the radar. The red line represen~ the least-square 
minimization of equation (1) to these data from which ground speed (17.24 m·s:.1

) and direction (from 174.38°) are 
determined. This represents a near best-case example where ·the function explains nearly all variation in the data 
(R.2=0.97). . · 

RESULTS 
The results of applying equation ( 1) to all ranges of data in Figure 1 are shown in Figures 3 and 4. Although local 
departures from the sinusoidal manner in which radial velocity varies with azimuth ( e.g., Fig. 2) are visible as lower 
radial velocity striations in Figure3A to the SSW and NNE, their presence has little influence on the algorithm's 
ability to accurately estimate overall variation in ground speed and direction (Figs.2 and 3B). While the algorithm is 
robust to such small scale variation, more widespread departures·from the sinusoidal trend (again, as in Fig. 2) will 
increase uncertainty in estimated ground speed and direction. 
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Figure 3. A) Original radial velocity data of bird-dominated migration 
B) Approximation ~f"A" based on equation (1) applied to a moving 2 km range window. . . 

The scale to the lefl is in m·s·1
: The radar is located central to the images, and the antenna is tilted 0.48° above the 

horizon. Data were filtered to retain ranges between 10 and 100 km from the radar. Shades of blue indicate some 
component of movement is toward the radar; shades of red, away from the radar; and white, movement 
perpendicular to the radar beam. The direction of movement is generally blue to red, here from nearly due south. 
Missing data to the east represents a real absence of targets over the Gulf of Mexico . 
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Figure 4. Target ground speed (left) and direction (right) from 85 to 1,400 m AGL (10 to 100 km range) 

estimated from radial velocity recorded at Brownsville, TX (KBRO) on 17 May 2005 at 2336 CDT. 

The resulting vertical profiles of ground speed and direction are shown in Figure 4. As Figure 1 would suggest to 
the experienced observer, direction of movement generally varied by less than 10°, although there is a notable 
direction shear at 175 m AGL. Estimated ground speeds increased considerably with height up to about 350 m 
AGL, then decreased gradually from 18 to 15 m·s·1

• 
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Ground Ground Wind Wind Air 

Height (m AGL) Range(m) Speed (m·s·1 ) Dir{°) Speed (m-s·1 ) Dir{°) Speed (m·s·1 ) Heading (0
) 

85 9,500 6.83 159 7.2 115 5.3 231 

307 30,250 16.85 175 9.3 125 13.0 208 

606 52,750 17.75 171 8.2 130 12.8 197 

757 62,750 17.23 173 7.7 135 12.1 196 

913 72,250 16.32 174 6.2 140 11.7 191 

1,012 78,000 16.13 175 5.7 142 11.8 191 

1,207 - 88,750 15.87 178 4.6 145 12.3 190 

1,217 89,250 15.84 178 4.6 145 12.2 190 

Table 1. Vector calculation of target air speed based on ground and wind velocity data. 

Table 1 shows estimated target airspeeds and headings. Radar samples ground velocities with much higher vertical 
resolution than radiosondes sample wind velocities. Therefore, we show only airspeed and heading estimates for 
radiosonde observations between 85 an 1,400 m AGL. In most cases, airspeeds exceed 10 ms-I, suggesting that 
radar echoes recorded this night at Brownville, TX are caused primarily by migrating birds. · 

DISCUSSIONS 
·. Because all data in range windows of radial velocities are incorporated into least-squares minimization, this 

approach - while robust - works best when targets are widespread and relatively uniform in their movements across 
the area under consideration. Although equation (1) was developed for meteorological purposes, it is particularly 
well suited for many biological applications because this requirement for large scale uniformity is more readily met 
with widely distributed biological targets. 

In cases where large regions of data are missing either due to data dropouts or obstruction of the radar's beam· by 
terrain (Fulton et aL 1998), seemingly critical velocity information often used in estimating ground speed and 

.. direction (i.e. peak velocities, null velocities) may be lost. However, because least-squares methods yield function 
parameter values based on available data, converged functions can still explain much variation in the available data 
despite massive data loss (unpub. data). In these cases, the converged model can effectively interpolate missing 
values with the assumption that the movement represented in available data is representative of that throughout the 
missing coverage area (generally, though not always, a safe assumption). 

The need among biologists to identify radar targets continues; but in many cases there are technical limits to how 
biologists not trained to analyze these data can perform these computations. Such algorithms need to be 
incorporated into existing software designed to handle NEXRAD or kinds of radar data ( e.g., NEXRAD 
Viewer/Exporter [http://www.ncdc.noaa.gov/oa/radar/jnx/]). This approach to estimating speed and direction from 
radial velocity data (Browning and Wexler 1968) has promising applications in biology beyond aiding target 
discrimination. In particular, residuals of fitted data highlight regions where radial velocities differ from the 
sinusoidal nature of the data. If these effects are local (that is, do not excessively bias the fit), resi~uals help reveal 
real biological phenomena such as responses to migratory barriers (Diehl et al. 2003) or spatial diversity of 
aerofauna such as bats emerging from a roost among a sea of migrating birds. In cases where residuals highlight 
noise, they may aid in pre-process filtering. · Furthermore, the potential bias to ground velocity estimates presented 
by shear can be eliminated and the extent of speed and direction shear itself and its biological consequences studied. 
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A COMPUTER-BASED SYSTEM FOR ROAD SAFETY ASSESSMENT 

D. J. Fonseca and M. McGaha 
The University of Alabama, Tuscaloosa 

ABSTRACT 
This paper presents the development of a computer system for effectively assessing the safety of different traveling 
routes in a medium-size city. A decision analysis technique based on Eigen values was incorporated to categoriz.e 
nine identified road factors that affect the overall safety index of a particular road segment. A simple prototype 
system was then peveloped to provide travelers with a quantitative measure of the traveling hai.ards posed by 
alternative routes connecting departing and destination points within the city limits. 

INTRODUCTION 
Several studies have shown that the complexity of road networks depends on the area size (population wide). Since 
the m~in purpose of this study was to create a prototype computer-based system for assessing the safety of traffic 
routes, the complexity of the transportation networks was limited to the analysis of seven origin-destination 
1ocations (O-D), thirteen roads, and nine significant factors. These chosen locations represent highly visited places 
such as schools, shopping centers, and highway interceptions, all of them located within the limits of a medium-size 

. city, i.e. the City of Tuscaloosa, Alabama, USA (see Figure l). 

The nine identified traffic factors were: travel distance, speed limits, number of lanes, number of stop sings, number 
of traffic lights, turning conditions, traffic volume at different times of day, road characteristics, and day/night 
visibility. 

THE KNOWLEDGE ENGINEERING PHAS~ 
Knowledge and expertise to be coded into the system was obtained from traffic engin~ers and transportation planers 
at the Tuscaloosa Department of Transportation (Toon. Moreover, computer and literature sources were also 

· utilized. However, most of the expertis~ was gathered through an approach known as the ''floating car survey". 
This approach consists of traveling across the road network at an average speed, while collecting data on different 
factors that affect the flow through the network. · 

While traveling from place to place, drivers are confronted with several factors that influence their movements. 
These factors are categorized into two major groups, deterministic, and stochastic. Examples of.deterministic factors 
are traffic signs, speed limits, and number of lanes. In fact, these factors can be known in advance through past 
driving experiences, however, they still affect the likelihood of encountering haz.ards that may precipitate a traffic 
accident. On the other hand, stochastic factors ( e.g. road accidents, weather conditions, and traffic volume) 
represent unpredictable situations. 

In this study, the effects of both deterministic and stochastic factors were accessed through the development of 
domain heuristics. These heuristics represent the expertise encapsulated into the computer program~ 
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Figure 1. Studied Urban Area: City of Tuscaloosa, Al. USA 

Road Evaluation Scheme 
Evaluation techniques have been adopted in many areas of the transportation systems. Two significant applications 
of these techniques are the selection of a course of action among multiple alternatives, as in the case of choosing a 
constructing project or retrofit option, and the assessment of the effects of previously implemented changes, as in the 
case of bus route changes. 

The Analytic Hierarchy Process (AHP) is a multi-objective decision-making approach, which is based on the 
mathematical ·properties of comparison metrics. This technique draws upon the innate capacity of humans to think 
logically and creatively, to identify events, and to establish relationship among them. This approach consists of 
three main steps: decomposition, comparative judgment, and synthesis of the problem. 

Nine transportation factors in this project were categorized into two groups, according to the impact of such factors 
on the overall safety of the road. The factor categories were labeled as most influential, and influential, respectively. 
The first group, the most influential factors, was composed by the road geography characteristics, speed limit, 
number of lanes, turning factors, and the road visibility at night. Travel distances, traffic volume at different 
traveling times of day, number of traffic lights, and the number of stop signs were classified into the second group. 

After the traffic flow factors were grouped, a preference scale was assigned to each group according to the Saaty's 
scale as shown in Table 1. Such a scale has been validated for effectiveness, not only through multiple real-life 
applications, but also through theoretical comparisons against a large number of scales (Saaty and Kearns 1985). 
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The pairwise comparisons require judging on a relative scale; therefore, the preference of X over Y is defined as the 
reciprocal of the preference of Y over X. These comparisons form a matrix of size n x n, when n alternatives are 
considered. The comparison matrix is then roughly symmetrical across the diagonal. That is, if the preference . 
relationship ofX versus Y is given by q, then, the corresponding relationship ofYversus Xis given by liq. Thus, 
the elicit judgments with positive reciprocal matrices always are n(n-1 )/2 (Saaty & Kearns 1985, Saaty & · 
Alexander 1989). 

Table 1. Saaty's Comparison Scale 

Intensity of 
Relative 
importance 

3 

5 

7 

9 

2,4,6,8 

Definition 
Eq~l importance. 

Moderate importance of 
one over another. . 

Essential or strong importance. 

Demonstrated importance. 

Extreme importance. 

Intermediate value , between the two 
adjacent judgments. 

Reciprocals of If an activity has one of the pared numbers 
·above non- (e.g. 3) compared with a second activity, 
zero numbers. then the second activity has the reciprocal 

value (i.e. I /3) when compared to the first. 

Explanation 
Two activities contribute equally to the 
objective. 

Experience and judgment slightly favor 
one activity over another. 

Experience and judgment strongly favor 
one activity over another. 

An activity is strongly favored and its 
dominance is demonstrated in practice. 

The evidence favoring one activity over 
another is of the l)ighest possible order of 
affirmation. 

When compromise is needed. 

Since in this project, the studied factors were divided into two groups, resulting the comparison inatrix, relevant to 
the problem, had a size of 2 x 2. In addition, the preference relationships between groups, given upon comparison 
against the Scale of Saaty, was specified as shown in the following· matrix: · 

Groupl [ 
Group2 

Groupl 
1 

1/3 

Group2 
3 
I J (2.1) 

Once the matrix· is elicited by the decision maker, AHP determines local priorities for each level by calculating the 
normalized principal eigenvector. It is here where the mathematical principles attain certain physical meaning. 

Then, the eigenvalue of the matrix is: 

Groupl 
Group2 
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The overall safety index for a specific road segment is then computed via a simple weighed average scheme which 
yields a standardized real number between zero and one. Figure 2 shows the details of such an evaluation scheme. 
For each road ~egment, the identified traveling factors were evaluated and quantified using a Oto 1 scale, being 1 the 
highest indicator of a potential unsafe situation emerging from such factors. · 

Univers·ity:Greensboro-Queen 
City 5:30 PM-7:00 PM (Winter) 

Road Geography 
Speed Limit 
Lanes 
Turning 
Road VisibUlty 

Distance · 
Traffic ·. Light 
Traffic Volume 
Stop Signs 

.500 

.545 

.500 

.667 

.500 
+ 2·.112 

.416 

.333 · 
,753 
1.00 

Eigenvalue Matrix 
Group1 0.75 
Group2 0.25 

Worst Possible Route 
= (1+1+1+1+1)*(.75) 

. + (1+1+1+1)*(.25) = ,4.75 

Road Segment Index 
= (2. 712)*(. 75) + (2.503)*(. 25) 

. 4.75 

= .5599 

Figure 2. Safety Assessment Scheme 

USE OF THE. SYSTEM 
System Inputs 
The computer-based system was designed to easily interface with the user via a mouse driven environment. The 
user selects which road segments to evaluate via a graphical map screen. Only a query screen on desired traveling 
times is provided to the use. The user must select a traveling time before proceeding further with the analysis. 
Figure 3 depicts the traveling time screen while Figure 4 shows the system's Main Screen. 

System Processing 
The computer-based system aims at assessing the safety of alternative routes at different traveling times in the City 
of Tuscaloosa. Hence, the system was designed to retrieve only relevant data. Once the traveling time is selected, 
the user must construct a route path by selecting consecutive road segments. When choosing each road section, the 
segment safety index value, stored in the database, is retrieved and use in the overall path's safety index. 

System Output 
For path comparisons, the user must click on the "Accept" button to shift the previously evaluated routes one niche 
up on the provided upper right comparison box (as depicted in Figure 4). The system can store up to four route 
safety indexes. · 
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r 7:00 A.M - 9:00 A.M . r 1:33 P.M. - 4:3'.l P.M. C 5:31 P.M. - 7:00 P.M: (Winter) 

t": 9:00 A.M. -11 :31 A.M. r- 4:31 P.M. - 5:3'.l P.M. C 7:00 P.M. - 10:00 P.M. 

C 11 :3:JA.t.1. -1 :3:JP.M r 5:3'.l P.M. - 7:00 P.M (Summer) (') 10:00 P.M. - 7:00 A.M. 

Figure 3. Traveling Time Screen 

Figure 4. System's Main Screen. 
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SUMMARY ,AND CONCLUSIONS 
This project represented an effort to develop_ an automated computer-based system that could effectively evaluate 
the safety of altemative route~ at different traveling times. The developed system was designed in a friendly and 
efficient window environment that allows users.with little or no computer training to effectively evaluate alternative 
routes. 

The developed sy~tem provides a number of benefits to the transportation arena. One of the most important 
breakthroughs from this study is the distribution of traffic safety expertise from domain experts to travelers. The 
system enables travelers to plan their trips avoiding roads identified by the program as unsafe, expertise that is only 
possessed by experts in the field. 
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AN ELEGANT DESIGN OF WEIGH-IN-MOTION TEST APPARATUS 

F. A. Moslehy, A. A. Oloufa, J. Bowie 
University of Central Florida 

ABSTRACT 
This paper presents an elegant design and construction of a test apparatus for weigh-in-motion (WIM). The 
motivation is.based on an inverse mechanism, where instead of considering a moving wheel (or vehicle) on a 
stationary road, we used a rotating road (concrete cylinder) and stationary wheel (rolling on the cylinder). The 
apparatus is instrumented with acoustic emission sensors that are connected to a data acquisition system and 
computer for analysis. The paper details the design and construction stages of the apparatus and presents results 
obtained from testing, which show the correlation between the applied load and the acoustic emission parameters. 
This apparatus allows conducting controlled parametric testing in a laboratory environment, and thus saves time and 
money as compared with the actual road test setup. When fully implemented, the innovative technique of WIM 
would result in development and commercialization of a low-cost and accurate system for measuring the weight of 
moving vehicles (at highway speed). 

INTRODUCTION . 
States around the country limit the weight of trucks that utilize the nation's highways for fiscal and safety reasons. 
For each one-pound increase in truck weight, there is a quadruple impact on asphalt deterioration of the roadway. 
Because of this, pavement maintenance costs increase with increasing truck weight. This also means that new roads 
must use more material initially to accommodate heavier vehicles. In addition to issues of pavement design, there 
are safety problems: heavier trucks are more difficult to maneuver and take more time to stop once the brakes are 
applied, leading to more severe accidents when heavier trucks are involved. [ 1] 

Truck ~eight limits are most often enforced through the use of traditional weigh stations where the trucks are 
directed to leave the highway, weighed on scales, and issued citations if the weight limits are exceeded. Trucks may 

· also pay a user fee at these locations, deI_>Cnding on the weight of the truck. The scales used at these weigh stations 
are very accurate. Traditional weigh stations do successfully encourage compliance along the highway where they 
are located (compliance rates at the weigh stations run above 98%); however, because of their fixed and known 
position it is simple for non-compliant trucks to avoid the weigh stations by using local roads to pass them by. The 
expense of building and maintaining these weigh stations as well as the expense to the trucking industry caused by 
the delay of the trucks at the weigh stations limits their usefulness. [2] 

Modem technologies allow weight to be measured while trucks are moving at highway speeds, weigh in motion or 
WIM [3-6]. These technologies use embedded sensors in the roadway surface that convert dynamic weight to static 
loads. A new type of weigh station, known as Remotely Operated Compliance Stations (ROCSTM_), attempts to 
overcome some of the problems associated with the traditional weigh stations. These stations use weigh-in-motion 
scales, where the scales are located in the pavement on the highway and trucks are weighed as they cross over the 
scales at speed. Overweight trucks are photographed at the remote station and can later be stopped by police, who 
can weigh the truck with a static scale, if necessary, and issue a citation. The scales used at the remote stations are 
still relatively accurate ( within 10 to 15% ), the remote station itself costs considerably less than a traditional weigh 
station, and compliant trucks are not delayed. However, the remote stations still have a fixed and known position, 
making it possible for non-compliant trucks to avoid them as well. 

There is therefore a need for a low-cost weigh-in-motion system that can weigh trucks on highways and on local 
roads unobtrusively. A major improvement can be realized through the identification and testing of technologies that 
allow for "non-intrusive" measurement of weight, i.e., requiring only minor and non-costly modifications to the 
roadway surface [7,8]. If the cost is low enough, the location of the weigh-in-motion system can be changed 
frequently, allowing enforcement to detect non-compliant trucks that might otherwise evade detection. 

CONCEPT FOR A LOW-COST WEIGH-IN-MOTION SYSTEM 
When a vehicle rolls over an object, it sets up a vibration within the object. It is possible to detect the acoustic 
emissions of the vibration using acoustic emission sensors. These acoustic emission responses are affected by the 
speed of the vehicle, the weight of the vehicle, and the distance of the tires from the acoustic emission sensors. 
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Determining the weight of the vehicle is then similar to the load identification problem, which belongs to the class 
of inverse problems. Numerous papers were published in determining the static force on elastic structures, e.g., [9]. 
Doyle [IO] presented a method for impact force identification for beams and plates using wavelet convo_lution~ The 
general inverse problem can be represented by ·eq~tion below in which the output (the acoustic emission signal), 
represented by u is known and the input (the weight of the vehicle), represented by Pis unknown. 

t ' 
u(t)= JG(t-i-)P(r)di-

o 
The proposed weigh-in-motion system consists of a metal strip that is laid across the roadway with two acoustic 
emission sensors attached, one on each end of the metal strip. The signal from the sensors is run through a 
preamplifier which sends the acoustic emission signal on to a computer where the signal is analyzed using acoustic 
emission software. To solve the inverse problem, an experiment must be run using a test vehicle driving over the 
metal strip. The weight of the vehicle, the speed of the vehicle, and the horizontal location along the metal strip 
where the tires strike the test strip should be known, but varied. Statistical analysis would then be performed on the 
output of this experiment (the acoustic emission signal), given the input variables (weight, speed, and tire location), 
to establish the correlation between the acoustic emission signal and the weight of the vehicle. 

An initial field experiment oftti,is sort was run in May 2006 using the proposed weigh-in-motion system. A pick-up 
truck and a passenger car were used as the test vehicles. In performing the initial experiment, it was found to be . 
difficult to apply different vehicle.weights, to control the vehicle spe~d, and to control the horizontal location at · 
which the vehicle tire strikes the metal test strip. Consequently, laboratory equipment was· developed to provide a 
controlled environment in whic~ to conduct the necessary experiments. 

CONSTRU:CTION OF THE TEST APPARATUS 
The researchers commissioned the help of four University of Central Florida (UCF) students in a senior design class 
to design and build the test apparatus. An inverse design where the roadway rotates and the axis of the tire does not 
move was chosen for the final design. Figure I shows a schematic of the test apparatus. 

Figure 1. Schematic of Test Apparatus 

174 



Proceedings of the 2007 IEMS Conference 

There are five main features of the test equipment, numbered one through five in Figure I: 

I. A rotating cylindrical "road" with the metal test strip attached. The concrete cylinder was constructed of 
concrete with a 20 inch outside diameter and a 12 inch inside diameter. Automobile rims were used as caps 
for each end of the cylinder. To attach the metal strip, the cylinder was filed down to make a flat surface. 
The two acoustic sensors are placed 40 inches apart (about4 inches from each end of the metal strip). For 
the purposes of lab testing, the sensors were attached using duct tape. Eventually, holes will be machined 
in the metal strip for attaching the sensors. The preamplifiers are attached to the wheel rims on either side 
of the cylinder. Connections from the preamplifiers to the computer run out through the center of the wheel 
and from there to the computer. 

2. A motorcycle wheel. The axis of the wheel does not move, however the wheel does rotate on its axis. 

3. A scissor jack which pushes the wheel against the cylindrical ''road" at variable weights up to 800 lbs. A 
weight on the motorcycle tire of approximately 650 lbs is equivalent to the weight on one tire of a fully 
loaded (but compliant) tractor trailer truck. 

4. A motor and reducer which can turn the concrete cylinder at speeds ranging from 0 to 4 mph. Not shown is 
a bicycle speedometer which measures the speed at which the cylinder turns. 

5. A slider and swing arm assembly which allows the location of the motorcycle wheel to be adjusted from 
side to side. 

The UCF mechanical engineering seniors designed and built the entire apparatus (see Fig. 2), including pouring and 
reinforcing the cement for the cylindrical road, cutting and welding the steel for the structural frame, constructing 
the tensioner, slider, and swing arm, and installing the motor, speedometer, acoustic emission sensors, etc. The 
testing apparatus went through various validation procedures to ensure it would work as designed. Tests were 
performed on the power on/off switch, the ability of the motor to drive the cylinder, the ability of the scissor jack to 
·vary the pressure of the tire against the cylinder, the ability to slide the tire from left to right, and the overall ability 
of the system to run for several minutes at various speeds and weights. The .testing apparatus was found to work as 
predicted in all instances. · 

Figure 2. Photograph of Test Apparatus 

175 



Proceedings of the 2007 IEMS Conference 

PRELIMINARY RESULTS 
Each time the concrete cylinder undergoes on~ revolution, the motorcycle tire rolls over the metal strip one time. 
When the tire strikes the metal strip, acoustic vibrations are formed and propagate through the nietal strip to the · 

· acoustic sensors. The sensors detect the acoustic ·waveforms and convert them into digital pulses that travel to the 
computer where the software (AEWin) analyzes them. Each strike of the tire against the metal strip will be her~after 
referred to as a tire strike. 

Each tire strike produces one or more hits in the acoustic emission software. A hit is defined as the waveform that 
exists when the acoustic sensor output exceeds some pre-determined amplitude, the output amplitude peaks, and 
then the acoustic sensor output goes back below the threshold amplitude. For more simple events (such as a pencil 
lead breaking against the metal strip), only one or two hits are produced per event. However, for the more complex 
event of a tire rolling across the metal strip, many hits are produced for each tire strike. 

The AEWin software provides seven measures of the acoustic emission hits: 

a. Counts· 
b. Energy 
C. Absolute energy · 
d. Risetime 
e. Counts to peak 
f. Duration 
g. Amplitude 

The first step of this research was to examine the outputs for each of these variables as the input variables were 
varied. Only data from one of the acoustic sensors was used for this analysis. · 
Forty-two separate experiments were run at 14 different levels of weight (from 100 to 750 lbs in 50 lb increments) 
and three different levels of speed (approximately 2, 3, and 4 mph). Each experiment involved collecting data for 
30 revolutions of the concrete cylinder at each combination of weight and speed. 

The values of the parameters of interest for all of the hits associated with one tire strike vary widely. In general, 
there are a small group of hits ·with large values and then a larger group of hits with very small values. Thus, 
averaging the parameters of interest over all of the hits hides the bi-modal nature of the acoustic emission 
distribution· and, it turns out, eliminates the correlation between the applied weight and the acoustic emission 

· parameters. This paper uses the maximum value of each parameter for each tire strike to show how the upper mode 
· is correlated with the vehicle weight. In future studies, the sum total of all of the hits per tire strike may be used 
instead. The following describes each of the paramete~ of interest and shows some of the more interesting results 
graphically. 

Count 
The count is the number of times the waveform rises above zero and returns below zero again over the length of the 
entire hit. Figure 2 shows the data averaged over the 30 tire strikes for each weight and speed combination. The 
diamonds are an average of all of the hits for the 30 tire strikes. There is no consistent tre~d with increasing weight. 
The triangles are an average for the peak hit over the 30 tire strikes. There is a distinct upward trend with incre~ing · 
weight up to around 400 lbs, after which the curve flattens off. 
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Figure 2. Correlation Between Count and Weight 

The second parameter of interest is the amount of energy associated with each hit. Figure 3 shows the data averaged 
over the 30 tire strikes for each-weight and speed combination. The diamonds are an average of all of the hits for the 
30 tire strikes. There is no consistent trend with increasing weight. The triangles are an average for the peak hit over 
the 30 tire strikes. There is a distinct upward trend with increasing weight. . 
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Figure 3. Correlation Between Energy and Weight 

The absolute energy is the absolute value of the energy in each hit. Figure 4 shows the data averaged over the 30 tire 
strikes for each weight and speed combination. The diamonds and triangles have the same meaning in this graph as 
in the ones previously. As with energy, there is a distinct upward trend with increasing weight. There appear to be 
some outliers at the 750 lbs and 800 lbs weights. These have not been examined closely for this paper; however they 
will be examined in the future. 
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Figure 4. Correlation_ Between Absolute Energy and Weight 

The risetime is the amount of time from the beginning of the hit until the peak amplitude is reached. There was no 
significant correlation found between risetim~ and weight or speed. 

Counts to peak 
The counts to peak is similar to counts, except it only includes the counts until the peak amplitude is reache4. There 
was no significant correlation found between counts to peak and weight or speed. 

Duration 

The d~tiou. is the time length of the hit. This variable does not seem to play an important role in determining the 
weight of a vehicle. 

·Amplitude 

The amplitude is the height of the highest peak in each hit. This variable does not seem to play an important role in 
determining the weight of a vehicle. 

FUTURE ·WORK 
The next step· of this research will be to combine acoustic information from the sensors on both sides of the metal 
test strip. This will be done at a variety of weights, speeds, and distances from the sensors. As mentioned previously, 
the response variables that are examined will be extended to include the sum of the values for all of the individual 
hits for each tire strike will be used to create one data point for each tire strike. A statistical analysis will be · 
performed in order to describe the role that weight, -speed, and distance plays in generating the acoustic emission 
output. 

Once this additional laboratory testing and analysis is-complete, it will be necessary to perform additional field 
testing using a longer metal strip ( one that could stretch across a full traffic lane), vehicles with multiple axles and 
various weights, and faster speeds. 

This technology may have another use that has not yet been considered. It may be possible to use this technology to 
get an idea of the weight on individual tires rather than on entire axles. If this can be done, then it may be possible to 
configure the equipment to indicate if the load on a truck is poorly balanced, for example if the load has shifted 
during travel. Alerting drivers to ·significant load shifts could help to decrease roll-over accidents on sharp turns. 
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CONCLUSION 
_ The low-cost weigh-in-motion scale proposed here has the potential to improve enforcement of vehicle weight 
requirements, thus saving money on pavement building and maintenance costs and increasing safety for the 
motoring public. A device for testing the concept in the laboratory has been developed and has proven useful in 
describing the relationship between vehicle weight and acoustic emission in the metal test strip; however, more 
experimentation is planned. As the research progresses, additional uses for this technology will be considered. 
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THE CONVERSION OF AN INTELLIGENT EXPERT SYSTEM 
ON MANAGEMENT TO A CDT SYSTEM FOR MBA STUDENTS 

Robert L. Mullen 
Southern Connecticut State University 

ABSTRACT 
This paper describes the conceptual development of a proposal to convert an intelligent-based expert system with 
the knowledge of a several well-known experts in the field of management into a self-paced computer-based training 
system for MBA stud~nts. Recent articles have discussed several graduate schools looking for ways to shorten the 
time to produce MBAs and this may be an appropriate tool to consider. This paper is the final step for a system 
developed for MBA students presented in it's initial stage by the author at the 2006 IEMS conference . . 

INTRODUCTION 
Since the early 1980s expert systems have been developed for the purpose of passing expertise from those with the 
knowledge to those who need the knowledge in a convenient and easily accessed manner. The idea is to tap the mind 
of the expert such that a less expertise person can solve problems normally handled by the expert without the -ex~rt 
having. to be present. In the early 1980s, expert systems were crude, self developed by only a few firms that saw 
value in them. By the late 1980s, special languages such as VP-Expert and CLIPS emerged and software shell~ 
developed to increase the ease of development of these systems. · 

In the 1990s with the focus on downsizing and need to cut costs in all area, managers of large corporations had 
turned to expert systems to provide advfoe when the cost of hiring an expert (consultant) or·access to a previous 
expert employee who has been downsized was gone. The recent interest in the first decade of the 21 st century on 
knowledge management has caused a renewed interest in expert systems as a means to manage knowledge for easier 
and wider distribution. The software industry has matured to build "intelligence" into software, sometimes known as 
"learning systems" which can adapt themselves based on how they are used. 

This paper addresses the next step for advising MBA students by convert an intelligent expert system presented at 
the 2006. IEMS Conference using "Machine Learning" concepts from artificial intelligence to build a CBT System 
for MBA students. The title of the paper presented in 2006 was· "An Intelligent Expert System for MBA Students on 
Management Principles". That paper described the design of an intelligent expert system for linking several 
.independently developed expert systems from the field of management with an intelligent front-end to consider the 
nature of the users interest and select only those experts whose advice is appropriate for that particular system user. 
This paper will describe the process needed to develop a CBT from that system. Basically, since an "Expert System" 
is a rule-based system based upon thousands of rules established by experts, a ''machine learning" system could be 
used to learn these rules from the 2006 system. A CBT shell would then be used to search what the machine learning 
software had absorbed from the expert system. Where commonness is found, the IF ... THEN format of a rule-based 
system would be converted to a WHEN ... ALWAYS ... format of a CBT system. · 

ADDITIONAL BACKGROUND TO PAPER 
Since early 1990s, I have taught an elective course in the MIS program at SCSU titled "Expert Systems". In MIS · 
work, expert systems have long been considered the most difficult and complex of all information system types. 
They .are included in the family of applications known as "artificial intelligence". They represent an application 
attempting to mimic the human brain. These applications capture the experience of an "expert" in a narrow area of 
expertise in computer fomi such that this vast "knowledge base" can be used to produce advice for a non-expert to 
solve a problem to which they have not gained appropriate experience as if they were equal to the expert. This is 
quite a challenge. Students. were not understanding the nature of these systems and how they differ from traditional 
information systems from a design standpoint. Figure l outlines the components of an expert system. · 

In support of this course, which was my most challenging to teach, I developed a model of an expert system to 
demonstrate to the students how such a system is developed using a language, CLIPS. ·The model involved picking 
two individuals a year who were ·experts in their field and who were living at the time so theoretically I could have 
interviewed personal to capture their expertise. However, these chosen individuals were well known enough in their 
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field to have had books and later Internet articles published about them. This was the source of information for these 
systems. I began presenting my work at various conferences for peer comments to improve the process. A list of 
organizations where these papers have been presented and published is shown as figure 2. 

I realized last year that I had reached a collection of experts handled individually that had been focused on two areas 
of expertise - management and the computer industry. This year rather than add to my list I am making an attempt to 
demonstrate how through the use of an intelligent front-end I could build two larger systems - one for general advice 
to potential managers in my MBA class I teach on information technology for managers and the other for my MIS 
undergraduate students on an application of intelligence to expert system technology. 

Figure 3 denotes .the changes required from an expert system component view to a view of the same system from the 
way a CBT system works. This would extend the value of this technology from a knowledge-based system into the 
use of the knowledge (or purposes of teaching others that for purposes of solving problems of less-expert users. 

FIGURE 1 
COMPONENTS OF A EXPERT SYSTEM 

Dialog Screen - Determine Nature of Problem 
Knowledge Base - A collection of "If ... Then" statements From Expert 

Inference Engine - Software to search knowledge base 
Presentation - Determine how to display advice to system user 

FIGURE2 
CONFERENCES WHERE EXPERT SYSTEM PAPER WERE PRESENTED 

Association of Management 
Decision Science Institute 

Industry, Engineering, and Management Systems 
Information Resource Management Association · 

FIGURE3 
COMPONENTS OF A CBT 

1. Dialog Screen - Determine the Nature of Learning Being Sought (this may start with a series of questions 
to determine what the user already knows to determine where to enter the learning process. 

2. Knowledge Base - a list of basics needed to be learned to be competent in the subject for which the CBT 
was developed. 

3. Inference Engine - An interactive exchange that measures progress of the learning user to present what the 
learner should be presented next based upon ability to prove certain aspects have been learned by the ability 
to correctly answer key questions 

FIGURE4.• 
LIST OF INDIVIDUAL EXPERT SYSTEMS INCORPORATED IN TIDS SYSTEM 

Jeff Bezos, Founder and CEO Amazon.com 
Warren Buffett, Financial Investor 
Michael Dell, CEO Dell Computers 

Peter Drucker, Management Consultant - Deceased 
Bill Gates, Past CEO Microsoft 

Lou Gerstner, former CEO IBM 
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Alan Greenspan, former ~hairman of Federal Reserve Board 
Joe Paterno,- Head Coach, Penn State University Football Team 

Ronald Reagan, former President of the United States - Deceased 
· Dave Thomas, former CEO Wendy's - Deceased 

Jack Welch, former CEO of GE 

CONCLUSION 
This paper suggests an approach for those academic institutions attempting to shorten the time for an MBA program 
by incorporating CBT for self-paced learning of the basics followed by a reduced set of on-ground courses for 
current specifics on strategic planning and issues necessary for attaining competitive advantage. The author hopes 
some faculty member .or doctoral student picks up on this idea to bring it to a useful conclusion. The author faces 
retirement in a year or two and no longer has incentive to pursue such ideas himself. · · · 
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AN INTELLIGENT EXPERT SYSTEM FOR A SINGLE-IDEA ST ART-UP BUSINESS 

Robert L. Mullen 
Southern Connecticut State University 

ABSTRACT 
This paper describes the conceptual development of an intelligent-based expert system applied to capture the 
knowledge of a several well-known experts who have developed successful businesses from a single-idea. The list of 
experts .includes the founder ofNetflix, founder ofKinko, founder of Microsoft, founder of Dell Computers, founder 
of Apple Computers, and founder of Amazon.com. By applying intelligence to the knowledge-base of these experts, 
common advice from the combined expertise is developed to advise those attempting to start their own businesses 
from a single-idea 

INTRODUCTION 
Since the early 1980s expert systems have been developed for the purpose of passing expertise from those with the 
knowledge to those who need the knowledge in a convenient and easily accessed manner. The idea is to tap the mind 
of the expert such that a less expertise person can solve problems normally handled by the expert without the expert 
having to be present. In the early 1980s, expert systems were crude, self developed by only a few firms that saw 
value in them. By the late 1980s, special languages such as VP-Expert and CLIPS emerged and software shells 
developed to increase the ease of development of these systems. 

In the 1990s with the focus on downsizing and need to cut costs in all area, managers of large corporations had 
turned to expert systems to provide advice when the cost of hiring an expert (consultant) or access to a previous 
expert employee who has been downsized was gone. The recent interest in the first decade of the 21 st century on 
knowledge management has caused a renewed interest in expert systems as a means to manage knowledge for easier 
and wider distribution. The software industry has matured to build "intelligence" into software, sometimes known as 

. "learning systems" which can adapt themselves based on how they are used. 

This paper addresses the area of advising non-experts who· may be considering starting their own business based 
upon a single-idea. It provides an opportunity for linking several independently developed expert systems all with the 
common thread of founding a successful business based upon a single-idea with an intelligent front-end to consider 
the nature of the users interest and select only those experts whose advice is appropriate for that particular system 
user. This paper will be used in an undergraduate course in Expert Systems to demonstrate the current focus of 
expert system development to support decision making in management and engineering thereby extending the value 
of expert systems to support such decision making as the technology of expert systems evolves from a class of 
information systems to a member of the new knowledge management systems. 

ADDITIONAL BACKGROUND TO PAPER 
Since early 1990s, I have taught an elective course in the MIS program at SCSU titled "Expert Systems". In MIS 
work, expert systems have long been considered the most difficult and complex of all information system types. 
They are included in the family of applications known as "artificial intelligence". They represent an application 
attempting to mimic the human brain. These applications capture the experience of an "expert'' in a narrow area of 
expertise in computer fonn such that this vast "knowledge base" can be used to produce advice for a non-expert to 
solve a problem to which they have not gained appropriate experience as if they were equal to the expert. This is 
quite a challenge. Students were having difficulty understanding the nature of these systems and how they differ from 
traditional information systems from a design standpoint. Figure 1 ·outlines the components of an expert system. 

In support of this course, which was my most challenging to teach, I developed a model of an expert system to 
demonstrate to the students how such a system is developed using a language, CLIPS. The model involved picking 
two individuals a year who were experts in their field and who were living at the time so theoretically I could have 
interviewed personal to capture their expertise. However, these chosen individuals were well known enough in their 
field to have had books and later Internet articles published about them. This was the source of information for these 
systems. I began presenting my work at various conferences for peer comments to improve the process. A list of 
organiz.ations where these papers have been presented and published is shown as figure 2. 
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I realized last year that I had reached a collection of experts handled individually that had been focused on two areas 
of expertise - management and the computer industry: This year I added to my list two individuals outside the 
computer industry who followed similar patterns of founding businesses based.on a single-idea. 1 will demonstrate 

. how through the use of an intelligent front-end I ·could build a larger system as an example of extending the 
generality of my 2006 system for my MIS undergraduate students on an application of intelligence to expert system 
technology. This system is modeled after the 2006 IEMS paper titled "An Intelligent Expert System for Those 
Entering the Computer Industry". ~--

Figure 3 denotes the changes required from the tradition single expert system development components to a 
development that would add front-end intelligence and the ability to combine a group of experts into a .single system. 
This would extend th~ value of this technology from providing information from a single expert to a knowledge
based system providing appropriate advice from an ever-growing number of experts ... 

FIGURE 1 
COMPONENTSOFANEXPERTSYSTEM 
Dialog Screen - Determine Nature of Problem 

Knowledge. Base-A collection of "If ... Then" statements From Expert 
· Inference Engine - Software to search kn~wledge base 

Presentation - Determine how to display advice to system user 

FIGURE 2 
CONFERENCES WHERE EXPERT SYSTEM PAPER WERE PRESENTED 

Association of Management 
Decision Science Institute 
Industry, Engineering, and Management Systems 
Information Resource Management Association 

FIGURE3 
COMPONENTS OF AN INTELLIGENT-BASED EXPERT SYSTEM 

Diafog Screen - Determine the Nature of Advice Being Sought 
Knowledge Base - of multiple experts in a focused field of expertise 

Inference Engine - Modified to select only those experts appropriate 
Presentation - modified to prioritize 

FIGURE4 
LIST OF IND MD UAL EXPERT SYSTEMS IN CORPORA TED IN TIDS SYSTEM 

Je'rr Bezos, Founder of Amazon.com 

Michael Dell, Founder of Dell Computers 

PaulOrfalea,FounderofKinko 

Reed Hastings, Founder of Netflix 

Bill Gates, Founder of Microsoft 

Steven Jobs, Founder of Apple Computers 
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CONCLUSION 
This paper describes the conceptual development of an intelligent-based expert system applied to capture the 
knowledge of a several well-known experts who founded a successful business based upon a single-idea .. A list of 
experts included is identified in figure 4. It provides a learning tool for use in a course on expert systems so that 
students in that course can select some other group experts in a narrow domain of interest and experience the 
development a mid-2000s version of expert system technology with intelligence added. 
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SIMULATION AND TESTING OF DISTRIBUTED HASH TABLES USING MONTE CARLO METHOD 

Paulus Wahjudi, Dia.Ali, Ras Pandey, Maria Cobb; Adel Ali 
University of Southern Mississippi 

ABSTRACT 
Wide area storage services, that requires low communication latency with high throughput access to durable data, 
benefits significantly from distributed hash tables. We propose the use of the Monte Carlo method to simulate 
different network conditions and test the hash table efficiency. The simulation phase begins with network and data 
generation, followed by network saturation by random data storage and retrieval operation. The testing phase 
monitors network traffic and resource utilization. Our approach provides a full simulation .and testing of the 
distributed hash tables before it is implemented on the system, allowing for adjustment ·and enhancement to the hash 
function. · 

INTRODUCTION 
A hash table is used for efficient lookup using a key to find a corresponding value. The lookup operation is done by 
processing the key using a hash function and generating the necessary address to locate the desired value. Hash . . 
tables provides an average lookup ofO{l) which is far better than other self-balancing binary trees data structure 
with lookup time ofO(log(n)), however hash table worst case lookup is O(n). On large distributed systems s1;1ch as 
peer-to-peer (P2P), information is stored in different location making it hard to search for spedfic information · 
without having to traverse several nodes. A different approach in P2P searching is to flood the entire network with 
request and the node(s) with the requested information will reply to the requesting node which is inefficient and 
utilizes large ainount of resources. Exi~ting P2P systems such as Napster, Gnutella and FreeNet incorporates 
different method to achieve optimal information retrieval and distribution. Napster had a central index server: where 
each ~ode, would send a list of files it held locally, and the server would perform searches and redirects the request 
into the corresponding node, making it efficient but creates high workload and vulnerability to the central index. 
Gnutella incorporates a flooding query model where each search would result in a message being broadcast to every 
other machine in the network, by doing so it avoids a single point failure, but significantly less efficient than 
Napster. Freenet was also fully distributed, but employed a heuristic key based routing in which .each file was 
associated with a key, and· files with similar keys tended to cluster on a similar set of nodes. However, Freenet did 
not guarantee that data would be found. Distributed Hash Tables {DHT) approach the problem by partitioning set of 
keys into several nodes and route messages to the unique owner of any given key. Mapping a key to the 

. corresponding location will involve the cooperation of many nodes, and hence the forwarding of messages between 
nodes. 

MONTE CARLO METHOD 
Monte Carlo (MC) methods are stochastic techniques, meaning they are based on the use of random numbers and 
probability statistics to investigate problems. y OU can find MC methods used in everything from economics to 
nuclear physics. The use of MC methods to model physical problems allows us to examine more complex systems 
than we otherwise can. Solving equations which describe the interactions between two computers is fairly simple; 
solving the same equations for hundreds or thousands of computers is impossible. With MC methods, a large system 
can be sampled in a number of random configurations, and that data can be used to describe the system as a whple. · 
Many simulations are then performed and the desired result is taken as an average over the number. of observations 
which may be a single observation or perhaps millions of observations .. In many practical applications, one can 
predict the statistical error/variance in this average result, and hence an estimate of the number of Monte Carlo trials 
that are needed to achieve a given error. For our purpose, we will simulate several variations of computer network 
and simulate the network traffic generated by the distributed hash table during information transfers. 

DISTRIBUTED HASH TABLES . . 
A distributed hash table (DHT) allows a group of distributed hosts to collectively manage a mapping from keys to 
data values, without any fixed hierarchy, and with very little human assistance. This building block can then be used . 
to ease the implementation of a diverse variety of peer-to-peer applications such as file sharing services, DNS 
replacements, web caches, etc. In these systems, which we will call DHTs, files are associated with a key (produced, 
for instance, by hashing the file name) and each node in the system is responsible for storing a certain range of keys. 
There is one basic operation in these DHT systems, lookup(key), which returns the identity (e.g., the IP address) of 
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the node storing the object with that key. This operation allows nodes to put and get files based on their key, thereby 
supporting the hash-table-like interface. This DHT functionality has proved to be a useful substrate for large 
distributed systems; a number of projects are proposing to build Internet-scale facilities layered above DHTs, 
including distributed file systems, application-layer multicast, event notification services, and chat services. With so 
many applications being developed in so short a time, we expect the DHT functionality to become an integral part of 
the.future P2P landscape. The core of these DHT systems is the routing algorithm. The DHT nodes form an overlay 
network with each node having several other nodes as neighbors. When a lookup(/cey) is issued, the lookup is routed 
through the overlay network to the node responsible for that key. The scalability of these DHT algorithms is tied 
directly to the efficiency of their routing algorithms. All DHTs receive as input, a key and, ~ response, route a 
message to the node responsible for that key. The keys are strings of digits of some length. Nodes have identifiers, 
taken from the same space as the keys (i.e., same number of digits). Each node maintains a routing table consisting 
of a small subset of nodes in the system. When a node receives a query for a key for which it is not responsible, the 
node routes the query to the neighbor node that makes the most progress towards resolving the query. The notion of 
progress differs from algorithm to algorithm, but in general is defined in terms of some distance between the 
identifier of the current node and the identifier of the queried key. The design of the DHT routing algorithm will 
determine its efficiency in resolving a lookup with the least amount of query. By simulating algorithm, an extensive 
testing· on the DHT routing algorithm can be done to ensure maximal efficiency. 

SIMULATION AND TESTING 
Our simulation consists of three main parts: network setup, simulation, and data collection. The·network is contained 

· within a specific .size grid with nodes represented by X and Y coordinates. For added flexibility, the grid can be set 
to utilize periodic boundary condition and specific scaling can be used to specify distance between nodes, allowing 
for simulation of geographical DHTs used in Sensomets. We are able to represent centralize, decentralize, and other 
variations such as the ones used in Peer-to-Peer networks depending upon how the nodes are connected to each 
other. · 

W=6 
M 

B H 

L=6 
D E J 

G L 
C F 

A K 

Figure 1. Network grid size 6 x 6 with nodes A to M_ 

A single node contains following information: . 
Node := { Node_ Name, (X _ Coordinate, Y _Coordinate), [Node_ Neighbours], [DHT] } 

Node_Name = Name to address the node (fix integer length). 
(X _ Coordinate, Y _Coordinate) = cartesian coordinate of the particular node in the grid ( fix integer length). 
[Node_Neighbours] = List of other nodes that are connected to this node (fix integer array). 
[DHT] = Distributed Hash Tables for the node (two-dimensional integer array). 
The node name is a unique number assigned to the node for identjfication purpose with a Cartesian coordinate 

. system to determine the location of a node in the network. A node will have a predetermined maximum number of 
neighbors listed in Node_ Neighbours by its unique name. This list can be used to represent the physical connection 
of the nodes in the network and important in determining the number of physical jump needed to find the correct 
destination. The· DHT will contain the information on which node to connect in order to obtain the needed 
information. The nodes listed on the DHT may or may not be connected directly to the current node. We believe that 
this approach allows for a more accurate simulation of the DHT in a real networking environment where the node 
physical connection is different with the hash tables nodes. A node can be classified as regular node or a super node 
depending on the information stored on the hash tables and the number of nodes it can connect to. The DHT requires 
three parameters: the requesting node, the final node on the hops and the key needed to be obtained. The procedure 
will return a true or false value depending whether or not the key is found using the Check_ KeyO function once the 
corresponding node is found. 
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Procedure DHT (Start_Node~ End_Node, DHT_Key) 
Begin· . . 

New_Node = DHT_Lookup (DHT_Key) 
New_Node = Start_Node 
Loop End_Node NEQ New_ Node 

Begin 
· End_Node = New_Node 

New_Node = DHT_Lookup (DHT_Key) 
End Loop 

Return Check_ Key(End _ Node, DHT _ Key) 
End Procedure 

Proceedings of the 2007 IEMS Conference 

Once the network is completed, we use MC to simulate query from nodes for specific information. A random 
number between I to total number of nodes in the network is generated to select the node that will request the 
information. A second random number between I to· the number of keys on the DHT will determine which key to 
retrieve. The pseud~ode implementation of the MC procedure is as follows: 

Procedure Monte_ Carlo 
Begin 

. Loop Total_Number_of_Simulation 
Begin 

Random_Node = randomO mod Total_Nodes 
Random_ Key = randomO mod Total_ Keys 
Key_Found·= DHT(Random_Node, Final_Node, Random_Key) 
IF Key_Found = False 

Begin 
Repeat with different Node and Key 

End If 
End Loop_ 

End Procedure · 

During simulation we record the number ofDHT hops executed on each key retrieval and total number of physical 
· connections required to retrieve the key. Once the simulation is completed, we can analyze the average hops and 
· communication needed over several simulations. Result from the analysis can then be use to further refine the DHT 

algorithm by balancing the number of hops necessary to obtain the key, the structure of the DHT, the size of the 
DHT. on each node and the key distribution among the nodes. Although it is impossible to say that there is one 
ultimate DHT algorithm for all conditions, our simulation proves that there is a way to adjust DHT algorithm 
according the situation and settings of a particular network to obtain an optimal implementation. 

We will incorporate four DHT protocol implementations: Bamboo, Bunshin, Chord and Leopard for the simulation 
and testing. The first adjustment made is increasing the DHT size to hold more keys. Th~ result is a reduced amount 
of hops necessary to obtain the key. Another adjustment done is to increase the number of connection per indivjdual 
nodes. Theoretically this will reduce the number of physical connection necessary to obtain the pertinent 
information. Our test results show that there is a reduction in the number of connection with only a minimal -
decrease in network traffic. We then combine both approaches by using supemode that can hold larger DHT and 
have more connections. Such combination proof to be an effective way to enhance the DHT performance, however 
the performance decrease after a certain point as the supemodes overhead becomes too large. 

SUMMARY AND CONCLUSION 
The ability to simulate DHT allows developers to detect possible errors and make adjustments to the algorithm in 
order to provide optimal performance. The use of DHT can be focused on several performance features with 
minimal sacrifice to other features. Our analysis found that reorganizing the distribution of keys allows for a more 
efficient key retrieval with no loss in performance. Another possible feature is to increase the size of the DHT or 
increase the number of connections per node, which leads to fewer hops to retrieve a key. In P2P settings, 
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performance increased as the number of replication increased which can be use on a regular DHT environment by 
. replicating the keys in several nodes and also to redistribute the grouping of nodes to cover the entire network. 

In conclusion, the ability to simulate the DHT algorithm is proven to be an effective and useful method to test DHT 
in a simulated network environment and activities. One of the primary advantages of is the ability to generate the 
necessary data to evaluate the performance of the DHT and use it as base to improve upon the current algorithm 
and/or adjust it to specific network settings. Another advantage is the small cost of time and money of simulation, 
where numerous amount of testing can be done to the DHT algorithm within a small timeframe. In the future, it is 
possible to have a self correcting DHT algorithm-that improves its own algorithm for better performance depending 
on the network behavior. Simulation will be very useful to train such learning algorithms in order to achieve a stable 
algorithm before eutting it into a production system. 
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GLOBAL WORLD NETWORK NODE MANAGEMENT. USING PERCOLATION METHOD 

Paulus Wahjudi, Ras Pandey, Dia Ali, Maria Cob}?, Adel Ali 
University of Southern Mississippi 

ABSTRACT 
In a global network, communication is expensive and plays a major role to ensure. We propose a global network 
management system using percolation theorem. However, network requirements vary depending on geographical 
location. In order to provide high performance with low response time, specific network nodes must be made 
available according to activity density in the region. Percolation allows selection of the optimal geographical 
location for the nodes while sustaining good connectivity between nodes. By maintaining a specific percolation 
threshold, we ensure global connectivity with efficient resource util~tion. 

INTRODUCTION 
Percolation is a process where a condition or substance moves through a system depending on the state of the points 
in that system. An intuiti-ve example is how a fire moves through a forest. At a given active point, i.e. a burning tree, 
the fire will only spread if the poin~ connected to the original is also trees. In the simplest model, the fire will 
always spread to adjacent trees and will never jump trees. At a certain density of reactive points, the array becomes 
almost completely interconnected in something called a second-order phase transition. In other words, after passing 
a certain density of trees in the forest, given any starting place for the fire almost all of the trees will burn. 
Alternatively, at-densities before the threshold value the percolation fite will be brief and will bum very little of the 
forest. With modifications, this relatively simple process has far reaching applications. Examples range from the 
fields of geology, biology and forest control all the way to describing access patterns to the internet. The process has 
also been robustly defined in physics and mathematics and has links to many other important topics. However, 
relatively few aspects of percolation are discussed in high school or even in some areas of college education. In 
some _ways this is justified because the mathematics used to define percolation is rather advanced, as are the physics. 
In other ways, though, percolation is a very visually intuitive process, and its importance suggests creating some 
other method of understanding besides advanced mathematics. The name "invasion percolation" implies a process 
where a condition or substance "invades," or moves thr,;>Ugh, a system. However, what is not described by the name 
is how the condition travels through the system, and also not determined are the characteristics of the system. In 
fact, percolation behaves very distinctly with different modes of movement and with different systems. This text 
outlines the basics of percolation modeling and the phenomenon that occur . 

. Network Management Systems is a program that helps a network administrator view and manages the conditions in 
a computer network. Using the Node Manager, an administrator can view the network in an easy-to-see graphical 
format. The appljcation "discovers" the devices that are in the network and shows their relative location and their 
_status. When a device fails, it can analyze events associated with the failure and help to recommend action. Another 
feature is the ability to provide some predictive information that helps identify potential failures before they occur. 
There are several different applications of network management systems. For example, Network Node Manager part 
of the Open View suite of enterprise system management applications from Hewlett-Packard (HP)~ SunNet Manager 
from Sun Microsystems, and IBM Tivoli: Netview Distribution Manager and NetView Performance Monitor. 
However, on a global setting the network is dependant on geographical location which governs the traffic, activities 
and number of primary nodes involved while maintaining good performance and response time. It must also deal 
with dynamic demand of resources allocation for high transaction activity and system downtime that varies from 
each location and time zone. · · · 

SIMULATION AND TESTING 
We are using percolation to provide an accurate model of the network to generate the necessary rules in the network. 
A global network relies heavily on strategically position nodes to provide service and efficient response time. The 
management involves several steps: the creation of the network grid, grid validation, populates the network, 
calculate percolation probability, select possible nodes location to maintain infinite cluster. The network grid is a 
bounding rectangle using specific width and length divided into grids with periodic boundary condition. In figure 1, 
we divided the world into 18 x 18 grid with each node is given a unique name consist of two letters according to 
Cartesian coordinate system. We are using the bottom left of a node area as the unique Cartesian coordinate and 
each area is of size 1. Via this rule, we are able to reduce the amount of information to keep in track within the grid. 
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In addition, because each node is now unique within the grid it can addressed directly according to the 
. corresponding Cartesian coordinate, hence there is no need for a naming convention. 

Figure 1. The world network grid 

-Each node corresponds as a single geographical location in the world. However, some locations are invalid node 
location i.e. inhabitable areas such as the' sea, the North Pole and South Pole, etc. Each node location will need to be 
validated before being occupied. We can further refine the · gnd size to provide a more accurate representation of the 
areas than the example in figure 1, for testing purpose we use a larger and more refined grid nodes. Once the grid is 
created and validated, we can begin populating the grid. This is done by correlating the geographical node location 
with a grid coordinate. In the event that more than one node occupies a node, we have two choices: to refine into a 
smaller grid or to increase the weight in the particular node. The first solution provides a more accurate 
representation of the global network node but requires more computational power and less efficient for quick 
lookups. The second solution allows for a quicker and more efficient decision to be made along with less 
housekeeping process needed. We can utilize both approache~ by dividing the grid into smaller nodes and grouping 
several nodes to be one larger node unit as shown in figure 2. A large node will consist of several· smaller nodes is 
also advantageous to remove the invalid node location in the grid while providing accuracy in areas whereas the 
land and water is in one location. The smaller nodes will be used when a node is added, removed and to calculate the 
percolation threshold. The larger nodes will be use to provide visual representation of the system in a given time. 
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Figure 2. NetwQrk Grid with Dual Node division 

However, we can further refine the accuracy by using several grids with varying size as shown in figure 3. This 
approach allows for a more accurate representation of the area and put more emphasis on habitable area that are too 
small to be represented but will be very useful as a connecting location. For example, small islands such as the· 
Hawaiian Islands and Solomon Islands which·are located strategically between continents. We are also able to 
represent areas with more activity but smaller land mass accordingly, such as Europeans countries that are small but 
have considerable amount of activity that needs to be considered when managing the global network. This approach 
allows for a more flexible representation of the global network with an added cost of housekeeping but still very 
efficient as it no longer waste any node location for invalid areas therefore eliminating the need to validate the node 
locations. 
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-Figure 3. World Grid Node with varying grid size 
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Once all the grids are populated, we can calculate the size of a cluster in the network grid and the density of the grid 
_ using the percolation formula: 

p _NA 
A- N 

N = Ld = Lattice of d dimensions 

NA = Number of node type A in the grid 

PA = Volume fraction of the network by node type A 

We then extend the formula to calculate the percolation threshold / probability ( Pc ): 

Pc = Percolation tlu:eshold 

NA = N 
00 

= Number of infinite spanning cluster nodes 

NA ( N) = N occupied = Number of available nodes 

· Using Pc , we can then select PA value that will create at least one infinite spanning cluster of nodes around the 

world. The rule to determine the value of PA is as follows: 

IF .PA < Pc then we will have a finite isolated cluster (no infinite cl~ter) 

IF PA = Pc then we will have at least one infinite spanning cluster 

IF PA > Pc then we will have more than one infinite spanning cluster 

Depending on the value of PA we will need to add or remove node(s) into the grid. The variation of grid size allows 

the calculation of Pc and PA within a smaller area and provides a more accurate positioning. The primary objective 

is to ensure that there is an infinite spanning cluster in the global network allowing for uninterrupted service with 
minimum amount of delay. The percolation threshold can be use to calculate the density of each grid and determine 
the best location to add a node in order to provide connectivity. In real life application, the ability to discern dense 
area and add new service node within the location is a crucial to ensure service and also to distribute workload 
evenly. 

SUMMARY AND CONCLUSION 
As a computer model, percolation is a powerful tool that creates meaning when applied to different topics using 
simple rules to traverse the array and generate it. The fundamental process itself is an intuitive, visual method of 
understanding that is easily accessible without complex mathematics or physics. However, as one's knowledge 
grows, more of percolation opens up and a highly complex process emerges. Its applications and abstractions are 
truly wide-ranging, and working with it can bring up many valuable new connections. 

The percolation global network node manager is advantageous to calculate and decide when and where a new node 
should be located in order to provide optimal service efficiency to the current network density. In addition, it also 
provides the ability to represent the global network in an organized manner that will be easy to understand for by the 
network administrator. Although computationally intensive, the computational power used is considerably smaller 
than what is required in most system at this scale due to the different type available to represent the system. In the 
future, it is possible to study the network pattern and feed it into a computational intelligence mechanism to add 
predictive capabilities to the system rather than the action-reaction system styling. 
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UTILIZING ADVANCED ROBOTICS LABORATORY FOR STUDENT INDEPENDENT STUDY 

Guanghsu A. Chang and William K. Hemphill 
East Tennessee State University 

ABSTRACT 
Industrial robots and motion control systems have made great strides in automating processing operations. In 
practice, industrial robots are suitable "for repetitive tasks, such as material loading and unloading. A robot is usually 
capable of performing the work cycle with greater consistency and repeatability than a human worker. This paper 
presents robotics design projects that were successfully implemented in student independent studies using the 
Advanced Robotics Laboratory '(ARL) at East Tennessee State University (ETSU). In these projects, students 
developed different robotic work cells based upon robotics in-class laboratories. In the robotic work-cell design 
stage, the realistic basis of the projects provided our graduate and undergraduate studen~ with opportunities to 
discuss current robotics and production quality issues in the independent study course. From the experimental results, 
it can be seen that students can learn from this real production case and hands-on experience. The course curriculum 
also meets significant parts of the ABET a~k criteria. For more extensive applications, on-going collaborative efforts 
with local industries provide students with chances to design robotic work cells. 

INTRODUCTION 
The ABET-accredited Manufacturing Engineering Technology {MET) program at ETSU provides educational 
opportunities for students in the areas of Engineering Technology. It provides students with modem laboratories and 
computing facilities with numerous engineering applications and Internet access. The program is committed to 
providing the environment and expertise to ensure that its graduates may make substantive contributions in their 
professional endeavors after graduation. In order to fulfill the mission and goals ofETSU, the MET faculty work to 
prepare our graduates for global service arid leadership in a technological ·field. The faculty also works to add to the 
body of knowledge in our disciplines and using our experience to bring benefits to the University's several publics . 

. The Manufacturing Engineering Technology program exists within the larger contexts of the University, the College 
of Business and Technology, and the Department of Technology. The curriculum includes, in addition to the major 
topics of study, courses work in science, mathematics, humanities, and the social sciences. Emphasis is placed on 
developing communication and problem-solving competencies; the development of interpersonal skills; and the 
ijpplication of basic scientific and technological concepts. A strong background in science and mathematics is 
recommended for entry into the programs. 

The MET program concentration provides students with experiences in the major elements of manufacturing. 
Graduates are able to apply their knowledge and understanding to manufacturing process, troubleshooting, problem 
solving, project management, and supervision. Two sequences of study have been developed within the 
manufacturing concentration: · 

1. Programming & Automation - a multi-disciplinary course of studies in manufacturing (primary) and electronics 
(secondary) that will prepare students for challengingjobs in the complex world of industrial automation design, 
installation, troubleshooting, and maintenance. . 

2. General Manufacturing -a study of the materials, processes, and analytical tools used in modem, world-class 
manufacturing environments. 

With approval of the instructor who will supervise the study, a student may solve an industrial problem by enrolling 
in an Independe~t Study course under direction of a faculty member. At the end of semester, each independent study 
student is required to demonstrate their learning progress and outcomes by submitting a technical report &/or 
presentation to interested members of the faculty and students. 

Independent Study at ETSU 
An Independent Study course is an individualized course taken under the guidance of a departmental faculty 
member. The faculty is required to provide guidance to the student on at least three occasions. They are: 
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Checkpoint 1: at the beginning to help layout the area _of study, expectations, time line, and grading criteria; 
Checkpoint 2: in the middle to evaluate ·direction ancl progress and to give feedback; and 
Checkpoint 3: at ~e end to critique and evaluate_the work for a grade. 

· MAT Independent Study students generally meet with the faculty mentors much more frequently, typically one hour 
per credit per week. Students are advised that an independent study is typically much more challenging than a 
traditional course and they should be prepared for a significant amount of self-motivated work. The following 
IDEFO diagram (see figure 1) shows how to process an independent study successfully. · 

Student/ 
Research 

MET Curriculums, farulty guidelines, and Deparbnental policy. 

Requests ______ ...., 

Develop 
Ind. Study 

ideas 

Student/ 
Research 
Requests 

Ind. Study 
Students 
METFaculty 

MET 
faculty 

And 
Supervising 

Farultv 

Ind. Study 
Proposal 
- Problem stat 
- Schedule 
- Ideas 

Deparbnental 
' Policy/Rules 
MET Curriculums 

Propose 
Ideas to Faculty 

Committee 
- Resources ' . -------------
- Expectations 
- etc. . 

Ind. Sludy 
Students 
MET Faculty 

Ind. Study Plan 
- Problem stat. 
- Schedule 
- Ideas 
-Resources 
-Expectations 
- etc. 

Ind. Study 
Students 
MFTMW"llltv 

Node: AO . Title: ENTC4900/5900 Independent Study Process 

Deparbnental 
Policy/Rules 
MET Curriculums 

Implement 
Ind. Study 

Ideas 

-Kl. Sludy 
Students 
MFT F.v,ilt 

Figure 1 - MET Independent study process 

1. Develop independent study ideas 
2. Find supervising faculty 
3. Propose ideas-to faculty committee 
4. Implement independent study ideas 
5. Evaluate independent study outcomes 

Departmental 
Policy/Rules 
MET Curric:ulums 

Published Ind. Study 
Report/Wortc 
- Problem stat 
- Methodology 
- Results 
- Discussion 

- c.onctuslon \ - etc. 

Evaluate 
Ind. Study 
outcomes 

Number: 0000-001 

Each independent study project is a one or two semester-long course in which a student works with a MET faculty 
supervisor to present work reflecting the student's independent research and learning on a particular topic. The 
design of the project and its schedule for completion, including deadlines and meetings with the faculty supervisor, 
are required for approval ofthe_project, and are the student's responsibility. The student is awarded credit based on 
(1) following the proposed schedule, (2) making and keeping appointments with the faculty supervisor, and (3) on 
the quality ofthe academic work submitted to the faculty supervisor. Neither approval nor credit may be given to a 
project retroactively. Regular per-credit tuition is assessed. The student must submit the independent study 
application with faculty supervisor, academic advisor, and department chair signatures by the deadline for 
Independent Study proposals. A student must be either a graduate student or be in the junior or senior year of his/her 
undergraduate program to apply-for an Independent Study. Independent Study credit is solely earned through · 
demonstration ofa student's learning through a particular academic project to a MET faculty supervisor over the 
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course of a semester. The primary form of assessment of this learning is through papers or presentations as pre
. approved in the Independent Study proposal by the supervisor and department chair. 

ROBOTICS EDUCATION AT ETSU 
A robot is an automatically controlled, reprogrammable system that can perform a wide range of human tasks (1, 2]. 
Reprogrammable has two meanings: (1) the robot's motion is recorded and controlled by a written program stored in 
the robot controller, and (2) the program can be changed according to task performance needs. The robotics 
education at ETSU seeks help MET and other Engineering Technology students build up their professional 
knowledge b~e and skill sets to meet .future challenges. Robotics is a multidisciplinary area that draws from such 
fields as electronics, mechanical design, manufacturing, engineering, and computer sciences. Robotic work-cell 
design can be related to many operational processes and development of professional skills. The potential situation 
for using robots to· solve manufa~turing problems is unlimited and desirable as industrial productivity standards 
continually drive the trend toward automation. Robotics education experiences at ETSU indicate five main effective 
directions (please see figure below): · 

1. to motivate MET program students through ETSU robotics competition (box 5), 
2. to use indepenµent study to learn how to solve real industrial design problems (box 4), 
3. to use robotics semester project as the foundation for team-based robotic design (box 3), 
4. to use independent study to fulfill self-realization challenges (box 2), and 
5. to use robotics education to satisfy TAC/ABET a-k objectives (box 1-5) 

ETSU students 

Robotics design 
Experience sharing 

Outreach/Recruit MET students 
Robot Demo Exhibition/twice/semester 

Technology Lobby/D Culp Center 

aduates 

MET Program/curriculum 
introduction 

Annual ETSU Robotics Competition 
SME Activitv + Ind. Studv oresentation 

ENTC4287 Introduction to Robotics (3) 
Lab 1-6. fall semester 

Design and manufacture 
challenges 

Independent Study/Student Research ( 1-6) 
Everv semester 

Self-realization challenges 

Team project development 

Robotics Semester Project 
Fall semester 

Figure 2 - Continuous Improvement Process for Robotics student recruitment 

Advanced Robotics Laboratory (ARL) in the MET program 
With the intent to continuously improve the existing MET curricula, Advanced Robotics Laboratory (ARL) was 
developed within the ETSU Department of Technology & Geomatics in June 2005. This laboratory has been 

· develop to provide an integrated laboratory environment with the program educational objectives of supporting 
manufacturing systems related teaching and research activities for .undergraduate and graduate level courses. The 
ARL is an advanced facility including (1) a 6 degree-of-freedom Denso robot, (2) a Mitsubishsi SCARA robot, (3) 
two Rhino robots, (4) two Microbots, and (5) several robotics peripherals including conveyors and rotary tables. As 
a result of the MET continuous improvement process, the ENTC4287 course has evolved since the last TAC/ABET 
accreditation review in 2005. Improvements in the following in-class labs related to curriculum and course 
development were implemented and documented such that at the completion of this course students should be 
familiar with the robotic concepts: 
1. Lab 1 - Pick and Place 

In this lab, students learn how to teach points, plan moves, and program the robot to pick one block and place it 
to the drop-off-point. 

2. Lab 2 - Stacking 
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In this lab, students learn how to use GOSUB and OFFSET commands and program the robot to stack three 
blocks and place them back to the pick-up point (Figure 3). 
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•·····••► Lowspeed (18,9) 
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I 
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Figure 3 - Robotics in-class laboratory 2 - Stacking 

3. Lab 3 - Input/Output programming 

Approaching 
Point 

D:111c~ 1 c,:i.r 

Gripper . 
Open 

In this lab, students learn how to connect robots to interact with other equipment. In robot program students use 
W AITFOR, IFIOSIG . . . THEN, and RESETIO commands and program robots to grasp the block from the 
conveyor and place it to the drop-off point. 

4. Lab 4 - Robotic Palletizing 
· In this lab, students learn hoe to develop a complex robot program for palletizing.application. The major task is to 

stack and palletize at least 12 aluminum blocks. Students are welcome to create their own program solutions. 
This palletizing program will use the commands and skills that they have learned in Lab I, 2, and 3. 

5. Lab 5-Automation Sensors 
In this lab, students learn how to use the following sensors: (I) inductive proximity sensor, (2) capacitive 
proximity sensor, (3) magnetic reed switch, (4) photoelectric switch, and (5) fiber optical switch._ · 

6. Lab 6 - Robotic Work-cell Integration 
In· the last lab, students learn how to integrate a complete work cell and develop a complex robot program that 
uses all the features they have · team from the above labs. When students finish this culminating experience lab 
they should have a good idea how to design and implement automated manufacturing applications using robot 
systems. At this time, the instructor will introduce current industrial problems to students, encourage them to take 
challenges, and solve these problems by taking a follow-on MET independent study course. 

Robotics lab enhancement is achieved through the Faculty Course Assessment Process (FCAP). This process • 
provides the foundation for reviewing and improving course content, ensuring continuity, promoting course 
enhancement, and identifying . areas of deficiency that need improvements [5]. The scope of the specific 
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improvements made under each of robotics in-class laboratories are presented in the following table. FCAP provides 
_ a teaching framework for sharing this information among faculty who teach the same course. 

Table I - Robotics In-class Laboratories for ENTC4287- Introduction to Robotics course 

Lab3 Lab4 
Problem-Solving Skill levels Lab 1 Lab2 

Input/Output Robotic 
and Scope Pick&Place Stacking 

Programming Palletizing 

Fundamental Skills Low Low Low Low 
Analysis and Synthesis Skills Low Low Medium High 
Integration Skill levels Low Low Medium High 
Process ~ Yes Yes Yes 
Product and Process , . Yes 
System 
ElectricaVElectronic No · No Yes Yes Background required 
AutoCAD drafting skills 

Problem-solving 

Integration 
Skills 

············•·..---------------
ENTC4287 ENTC4900 

Independent Study 

Analysis and • • • • • • • • • • ENTC4277 
Synthesis Skills 

Fundamental 
Skills 
(Mathematics & 
Science Foundation 
Skills) 

ENTC1200 
Manuf. Processes &. 
Specs. 

ENTC4357 
CM Applications 

plus lab experiences 
requred. 

ENTC3710 
Manual~C 
programming 

ENTC2200 
MachkleToolTech. 

Lab5 
Automation 

Sensors 

· Low 
Medium/high 

High 

Yes 

Yes 

Scope 

Process Product & Process System 

Figure 4 - ~T course scope and skills 

199 

.Lab6 
Robotic 

Work-cell 
Intee;ration 

Low 
High 
High 

Yes 

Yes 

Yes 



Proceedings of the 2007 IEMS Conference 

Figure 5_- Advanced Robotics Lab in Technology Department Figure 6 - Robotics in-class Lab 6 

Independent Study Support - Rapid Prototyping Technologies 
In support of the MET, Industrial Technology, and the new Product Development concentrations, ETSU has made 
significant investments in new Rapid Prototyping (RP) technologies. One 2003 acquisition was an AXYZ CNC 
router with a 5 foot by 12 foot (1.2m x 3.7m) working surface and a proprietary CAM module, ToolPath, that allows 
a user to quickly develop 2½ CNC cutter paths from AutoCAD or other 2D or 3D CADD data. The other important 
acquisition of 2003 was a Dimension BST fused deposition modeler (FDM). The entry-level Dimension BST FDM 
is a 3D printer that creates part from a extruded ABS polymer with a resolution of 0.010 inches (0.25mm). The 
Dimension BST machine was chosen over other cost-competitive technologies primarily because the ABS as-built 
parts possessed significant strength with no post-processing required. 

A number of students have used the Dimension BST to construct end-effectors for different robotics projects (see 
figure 7 and 8). The student first meets with a faculty .member to present the functional requirements and present 
proposed concept sketches of the desired end effectors. After being introduced to the RP machine's intrinsic 
limitations----especially the 0.01 inch (0.25mm) resolution iss:ue-the students then create 2D CADD drawings of 
orie or more solutions. In another meeting with the faculty mentor, the design(s) is critiqued and a first generation 
3D model is proposed for further development. Using Rhinoceros 3D, an easy to learn and use surface modeling 
program, a 3D model of the end effectors and associated tooling, objects, etc. is created by the student. Figures 7 & 
8 d~monstrate one recent robotic deburring project where a hand-held, high speed rotary device ( e.g., a Dremel tool) 
is being adapted for the Denso robot. In this example; the student created an angled support arm with a mounting 
flange sized for the metric robot at one end and a standard imperial pipe support strap securing the tool at the other. 
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Once a 3D model is created, the solid model is saved in a faceted STL format. The STL model is then processed by 
the Catalyst slicing software which automatically creates the model and support paths; this path information is then 

· sent to the modeler and the part is fabricated. Once the parts are completed, students often discover that despite 
their best intentions and efforts, their models have at least on "fatal" flaw in fit &/or function that requires an 
analysis of the problem, a redesign, and a rebuild. This design/build/test/redesign process is one of the more 
powerful aspects of educating students in work cell design where failures turn into successes ... eventually. 
Typically, students achieve a working part within two or three design/build/test iterations. While the cost of 
materials is high (averaging about $20 per build), allowing students to participate in this iterative problem-solving 
process is pri~eless. 

ARL SUPPORT ABET A-K CRITERIA 
Several researchers have reported that robotics labs are highly effective tools for realizing TAC/ ABET outcomes a-k 
[3, 4]. In their reports, the strongest response areas for MET juniors and seniors were for: (criterion b) ability to 
apply current knowledge and adapt to emerging applications of mathematics, science, engineering and technology, 
( criterion c) an ability to conduct, analyze and interpret experiments and apply experimental results to improve 
processes, (Criterion d) an ability to apply creativity in the design of systems, components or processes appropriate 
to program objectives, (criterion e) an ability to function effectively on teams, (criterion t) an ability to identify, 
analyze and solve technical problems, and (criterion g) an ability to communicate effectively. Table 2 indicates that 
ETSU robotics labs meet most ABET a-k criteria elements. 

T bl 2 Ad a e - vance d Rb . Labo o otics ratory an dABET k . r a- cntena mappmg 1st 

Robotics Laboratory Lab3 Lab4 Lab5 
Lab I Lab2 

Pick& Place Stacking 
Input/Output Robotic Automation 

ABET a-k criteria Programming Palletizing Sensors 

Criterion a. ✓ ✓ ✓ ✓ ✓ 

Criterion b. ✓ ✓ ✓ ✓ ✓ 

Criterion c. ✓ ✓ ✓ ✓ ✓ 

Criterion d. ✓ ✓ ✓ ✓ 

Criterion e. ✓ ✓ ✓ ✓ ✓ 

Criterion f. ✓ ✓ ✓ ✓ ✓ 

Criterion g. ✓ ✓ ✓ ✓ ✓ 

Criterion h. 
Criterion i. 
Criterion j. 
Criterion k. ✓ ✓ ✓ ✓ ✓ 

ABET Cntena a-k mcludes: 
a. an appropriate mastery of the knowledge, techniques, skills and modem tools of their disciplines, 
b. an ability to apply current knowledge and adapt to emerging applications of mathematics; science, engineering and technology, 
c. an ability to conduct, analyze and interpret experiments and apply experimental results to improve processes, 
d. an ability to apply creativity in the design of systems, components or processes appropriate to program objectives, 
e. an ability to function effectively on teams, 

. f. an ability to identify, analyze and solve technical problems, 
g. an ability to communicate effectively, 

- h. a recognition of the need for, and an ability to engage in lifelong learning, 
i. an ability to understand professional, ethical and social responsibilities, 
j. a respect for diversity and a knowledge of contemporary professional, societal and global issues, and 
le. a commitment to quality, timeliness, and continuous improvement. 

DISCUSSION · 

Lab6 
Robotic 

Work-cell 
Integration 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

✓ 

In this paper, we have presented successful factors between advanced robotics laboratory and student independent 
study projects. Our experiences led us to infer that student learning from independent study could be influenced by 
MET advanced robotics laboratory. One of our most successful (and profitable) examples was Mr. Sheldon Davis, 
an independent study student in the ETSU Department of Technology & Geomatics, who was selected to receive the 
Society of Manufacturing Engineers' (SME) Platinum Poster A ward at the SME Professional Development 
Conference held October, 15, 2005, in Memphis Tennessee (see figures 9 &10). Mr. Davis won the $200 award with 
his poster entitled "Using Industrial Robots for Medical Test Applicationst In his study, Mr. Davis used both the 
CNC router and a set of forth-generation grippers built on the Dimension BST 3D printer to showcase how ETSU 
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Department of Technology and Geomatics' new rapid prototyping technologies and ARL can be combined to 
quickly develop an optimiz.ed solution. for robotically handling test tubes. 

Figure 9 - SME student poster competition Figure IO - Dr. Chang and SME poster·competition 
winner, Mr. Davis 

The MET faculty members seek to identify best practices taken from personal experiences focusing on (I) student 
experiences in the ETSU robotics competition, (2) integrating robotics labs into independent studies, robotics team 
projects, and student research projects, ~d (3) connecting robotics education to ABET a-k criteria outcomes . . 

CONCLUSION 
This paper has presented a new model for simulating the effect of advanced robotics laboratory on student 
independent study. We conclude that well-directed MET independent studies can be extremely effectively ~eans of 
introducing design and manufacturing concepts, cross-disciplinary learning, team-based projects, and problem
solving skills. Effective robotjcs labs can provide students opportunities or challenges that allow the students to 
freely cr~ate and investigate design and manufacture problems in the robotics domain. Our MET robotics course has 
been shoWQ its benefits to encourage our students to apply their knowledge of mathematics, sciences, and 
engineering and also to give our students practice tools for future independent study competence. 
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MENTORING OF HIGH-SCHOOL STUDENTS IN MECHANICAL DESIGN BY 
UNDERGRADUATE ENGINEERING STUDENTS 

Richelle Atienza, Jesse Parkhurst, Anthony Barletta, and Daniel Cox 
University of North Florida 

ABSTRACT 

In a summer mentoring project, University of North Florida engineering students mentored three local high school 
students on a project supported by industry. This scope of the project required the high school students and their 
mentors to redesign a Break-Free Bore Brush, a product used for artillery gun cleaning. 

INTRODUCTION 

The Manufacturing Innovation Partnership 

Florida!s First Coast Manufacturing Innovation Partnership (MIP) program engages future engineers with real-world 
problems and requirements of regional -industry [ 1-3 ]. The MIP program facilitates a relationship between the 
engineering students, faculty at UNF, and the local companies throughout Florida's First Coast region. The students 
work in conjunction with the companies on projects driven by industrial requirements. The projects incorporate 
research, design, prototyping, implementation and manufacturing, project management, and mentoring components. 
The MIP program has three goals: first, to stimulate transformation of knowledge in design and manufacturing 

. occurring in the academic domain to applied research and development; second, to create high-technology jobs in 
the engineering manufacturing and design professions; and third, to develop partnerships with the local public 
academic institutions with the common goal of producing students whose education satisfies the Jieeds of the 
regional workforce. One component of this, the mentorship component, enables UNF engineering students to mentor 
local K12 high-school students in engineering disciplines. During the 2006 summer~ a mentorship project occurred 
with requirements originating from one of the MIP program partners, Armor Holdings, Inc. [4]. In this mentorship 
project, three local high school students worked on projects at UNF under the supervision of the MIP university
level engineering students. This paper addresses the background of the students, their tasks, and the outcome of the 
summer mentorship project. 

Background of students 

The First Coast region includes Jacksonville and surrounding counties which have a number of high schools that 
contain engineering academies. Three students selected for a summer mentorship program each came from a 
different high school: Orange Park High School, Robert E. Lee High School, and Bishop Kenny High School. Each 
of the high school students has an interest in engineering and all excel in the subjects of math and science. Two of 
the students had previous hands-on experience and all of the students were on the same grade and academic level. 
The three MIP engineering student mentors were all mechanical engineering majors either in their junior or senior 
year. 

. Background on company 

Armor Holdings, Inc. [4] is a diversified manufacturer of branded products for the military, law enforcement, and 
· personnel safety markets. The company encompasses 21 divisions, producing a wide product range including 

Kevlar helmets and body armor for police and military personnel to narcotics identification kits and tactical vehicle 
armor. In the Jacksonville plant alone four different product lines are manufactured. One of the products 
manufactured is the Break-free Bore Brush. 

BREAK-FREE BORE BRUSH 

Current Product 

The Break-free Bore Brushes, along with Break-free cleaning fluid, comprise a cleaning system used in cleaning the 
barrels of various guns and artillery. Figure 1 shows large bore brushes used for cleaning guns of calibers 105 mm, 
120 mm, and 155 mm used on tanks and armored vehicles. An example of the type of gun the bore brushes are used 
on is the 155 mm gun on the M109 Paladin, shown in Figure 2. 
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Figure 1: Current Break Free Bore Brushes 

Figure 2: M109 Paladin in action 

To clean a gun barrel, the bore brush is first wrapped in a cloth which is coated in Break-free fluid, w~ch performs 
as a general cleaner, lubricant, and protectant. This assembly is then mounted to the end of a special ram rod, which 
is rammed down the barrel of the gun. The brush removes any carbon buildup inside the barrel resulting from the 
gun's rifling. The brush is free to rotate about the ram rod so as to follow and clean the gun's rifling. 

Currently, there is a separate brush, and therefore a separate part number for every caliber of gun. As shown in 
Figure 1, the brushes contain seven to eight rows of short stiff plastic bristles around the circumference of the . 
cylindrical portion of the plastic housing. The purpose of bristles is to physically scrub out rifling in the barrels. The 
bristles must spiral down the barrel to run along and in the rifling to clean out the buildup. The housing narrows 
down at one end towards the ramrod mounting point. An eye-bolt is mounted on the other end of the housing to 
provide an extra gripping point if needed. The whole assembly is held together by three ¼" bolts running through . 
the length of the brush. 
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Product Redesign and Problem Statement 

-The company desires a single bore brush design that effectively cleans any gun with a caliber between 105 and 155 
mm. This eliminates the need to have a separate bore brush for each type of gun and therefore comprise a single part 
number. Such a design would greatly simplify logistics for the military. The design must be adjustable to fit any · 
caliber between 105 and 155 mm. In addition, the new design needs to operate as effectively and efficiently-as the 
current design and be compatible with the existing ramrod. The cost of the new brush should commensurate with the 
current brush, and the new brush's design should be relatively simple in terms of complexity and manufacturing. 
The new brush must also function in harsh conditions such as extremes of temperature, high humidity, sandy, or 
other harsh conditions. 

DESIGN CONCEPTS 

Once the design requirements and specifications were defined and documented, the process of generating design 
concepts commenced. S.everal brainstorming sessions were conducted in order to generate new concepts and/or 
improve on previously suggested ones. 

Brainstorming 
After the high-school students were introduced to the project, the next step was to begin brainstorming ideas and 
concepts on how to construct the barrel cleaning device. The brainstorming occurred by the team consisting of the 
high-school students and the MIP engineering students. The group limited the investigation to barrel diameters of 
105 mm to 155 mm to simplify the project and to best support the requirements of the partnering company. The 
students were encouraged to look for new and innovative solutions to the problem from simple devices found in the 

· home and hardware store. The students came up with a number of ideas to solve the project including the Umbrella, 
Radially Expandable Linearly Locked (RELL), Balloon, Ribbed Balloon, Diagonally Deformable Brush (DDBD), 
and Linearly Adjustable Spring Tensioned {LAST) designs. The umbrella design was inspired by· a pipe cleaner, 
modifying the design to be more robust for cleaning a larger diameter design. The RELL used a series of brushes 
mounted to springs. The springs adjusting the diameter by a lock ring at the base of the device. The balloon idea 
was to use a heavy dtity rubber balloon with bristles mounted on the surface. The diameter was changed by altering 
~e volume of air in the device. The Ribbed balloon was based on balloon design, contained a cage around the 
balloon to mount the brushes to. The DDBD was also based on a pipe cleaner, with stiff bristles running diagonally 
down from the top of the device. The LAST design was a modification to the RELL design, using linked plates to 
maintain a parallel orientation to the barrel over all diameters with the. springs located inside the device to protect 
them from wear. After the brainstorming sessions down selecting was needed to find the concepts to develop 
further. Several of the concepts are illustrated by sketches in Figure 3 through Figure 7. 

Figure 3: Balloon Concept Figure 4: Diagonally Deformable Brush 
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Figure 7: Umbrella Concept 

DESIGN SELECTION, PROTOTYPE, AND REVIEW 

Evaluation 
For the evaluation oftbe designs, a down-select approach was taken with the goal of designing and building a 
,prototype by the end of the project. A spreadsheet was created that included a list of important criteria. Each of the 
members of the design team, both.high school students and the MIP engineering student mentors, evaluated the 
design based on the criteria on a scale ofone to th:e. Then the results were tabulated by taking the average of all the 
scores of each criterion. The criteria included manufacturability, cost, adjustability, cleaning-performance, 
durability, tolerance to the operating environment, weight, setup time, simplicity, materials, corrosion resistance, 
and similarity of existing procedures. Table I is an example of an evaluation spreadsheet, in this case for the RELL 
design. 

Table L Evaluation table used by the design team _ 
RadiaU Ex andable Linear! Locked · E Wei ht Heather !Trevor !Steven !RicheUe ;Anthon ;Jesse ;Avera · e !Total · :Percenta e ; 

After the evaluation of all designs had been completed, it was found that the RELL Design had the highest score of 
80.18%. It was this design that was chosen for detail design; prototyping, and ultimately presentation to the 
company for possible future development. · 

Drafting 
After the final down selecting of the project the detailed design was drafted in AutoCAD (5). AutoCAD was 
initially used to create a series of variations on the geometry of the device, so as to maximize features believe_ to be 
favorable. The design team decided to standardize on the 105mm bore brush mounting, since this would give the 
most flexibility in components. The length of the brush support bar was chosen to be equal to that of the current 
length used in the bore brushes (40mm). The support arms were varied from 40 to 80mm. The brushes were 
rendered in the positions expected for the I 05 mm, 120 mm, and 155 mm bore diameters. The length that the 
support legs moved when changing from each position was measured and used as a criterion to judge the 
performance of each configuration. After analyzing the brush geometry 60mm was found to be a good balance of 
length and variation. 

Construction of the Prototype 

The prototype construction was the last portion of the project before the submission of the project to Armor 
Holdings. The group wanted a physical representation of the design to show the function and design of the project. 
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The first method of construction was to build the part out of aluminum as the part was believed to be designed. For 
a first attempted to construct the part this was not the most successful. The student group had problems cutting and 
machining the constituent parts to fit. This was treated as an introduction to manufacturability as an important 
design constraint. The student group then went and rethought the construction of the prototype and decided to 
utilize the facilities the Manufacturing Industry Partnership laboratory had to offer. The students considered 
automating the construction with the use of a CNC machine. The students then decided to use the RPM machine to 
make a plastic prototype of the device. This introduced the students to 3-dimentional solid modeling with 
Pro/Engineer Wildfire. The constituent parts were modeled and then converted to stereo lithography files for the use 
of the RPM ~achine. The RPM functions by laying down layers of extruded plastic to form the model, using two 
different materials, the structural and support structure. After removing the prototyped pieces, the quality was found 
to be superior to ~y of the aluminum components. Hinges and mounting hardware were then added to complete the 
project. 

Documentation 

Documentation was important in keeping the project on task. There were two papers and a presentation compiled by 
the design team. The first paper was the requirements document. The requirements document summarized the initial 
considerations to be taken with the design, stating the assumptions the team has made, goals for the project and a 
history of the product line. The history was done to acquaint the students with the project and the importance of the 
final product to the lives of soldiers. The team had the good fortune to have a veteran among the student body who 
had served on the Ml09 Paladin. He spoke with the students on the use of the barrel cleaning device, commenting 
on the desirable characteristics of the current model and emphasizing the importance of durability in the combat 
environment. 

Following the brainstorming session, the ideas were categorized into the High Level Design document. This 
document cataloged the ideas and acted as an even field for the evaluation of the designs. Each concept was 
described with a schematic, a written description and a list of pros and cons. At th~ end of the document, a 
description of the down selecting process was featured. 

· The final part of the documentation was,the preparation of a presentation for review by Armor Holdings. The 
presentation encompassed a description of the over-all project, the selection of the final design and the construction 
of the prototype. 

Presentation 

The presentation was conducted at Armor Holdings' facility in Jacksonville by the MIP undergraduate engineering 
and high school students. One of the high school students began by presenting an overview of the entire project 
including the project requirements, brainstorming of ideas for the projects, the selection process. At this point, the 
presentation was turned over to one of the undergraduate research students to preset the more detailed design. The 
model of the RELL was presented, and the presentation concluded with an overview of future avenues of design on 
the project. After the presentation, the design team went on a tour of the facility and _saw the production of the 
current line of barrel cleaning devices along with other product lines. 

CONCLUSION 

The summer mentoring project was successful in generating an alternative design for the gun cleaning bore brush 
that satisfied the industry-driven design requirements. A down selection of various alternatives led to selection of a 
design that underwent detail design and prototype over the project period. The new bore brush design can be 
expanded to fit any barrel with a caliber ranging from I 05 to 155 mm. The design is conceptually simple and Armor 
Holdings is considering the design for further development. 

The project was also successful in achieving its educational objectives. During the project, the high school students 
learned about the engineering design process and how to evaluate competing designs. Drafting skills were applied to 
a detail design and manufacturing principles were applied in the creation of a prototype. In addition, the high school 
students further developed their oral and written communication skills and interacted with professionals from 
industry. The UNF engineering student mentors also benefited in that they developed their leadership and tutoring 
skills. 
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INTEGRATING MANAGEMENT AND ENGINEERING WITH TWO MINOR PROGRAMS 

Ralph E. Janaro 
Clarkson University 

ABSTRACT 
Engineering school graduates who become employed in an environment that values innovation, technology 
commercialization, the ability to scan the market for opportunities, the ability to manage risk and intellectual 
property, etc:, are often unprepared. On the other hand, business school graduates who take jobs that require them to 
manage engineers frequently do so without much awareness of what engineers do and how they do it. In order to 
address these shortcomings, Clarkson University's School of Business and School of Engineering have proposed 
two minor programs. The Innovation and Entrepreneurship minor is being created for engineering students while 
the Engineering Perspectives minor is being created for management/business students. This paper discusses these 
two minor program proposals. 

INTRODUCTION 
Clarkson University has a rich tradition in engineering education and research. The university was founded in 1896, 
by the family of Thomas S. Clarkson, a successful businessman who was killed in 1894, while trying to save one of 
his workers in his sandstone quarry. In the early years of Clarkson School of Technology- as _it was known then -
areas of study included electrical engineering, domestic science, art, woodwork, and manual training. In 1913, the 
name was changed to Clarkson College of Technology and early in 1984, the school was recognized for its diversity 
of programs as well as its PhD offerings and granted university status by the State of New Yorlc, thus becoming 
Clarkson University. 

Today, Clarkson University offers comprehensive programs in three schools: the Coulter School of Engineering, the 
School of Business, and the School of Arts and Sciences. Housed within these schools are a number of 
undergraduate and graduate degree offerings in engineering, business, the sciences, liberal arts, and health sciences, 

• as well as interdisciplinary programs in environmental science and engineering, and engineering and management. 
The one common thread that has been historically woven through all ofClarkson's programs has been an emphasis 
on providing a technology-rich environment for every discipline. 

As with most colleges and universities, each ofClarkson's schools has its own leadership or advisory council. 
During the past academic year the Business Leadership Council has mandated that a program component be put in 
place that would prepare School of Business (CUSB) students.to work successfully with engineers in the workplace. 
At the same time, the Engineering Advisory Council has mandated that a program component focusing on topics in 
innovation and entrepreneurship be put in place for School of Engineering (SOE) students. The result of these 
mandates will be the creation of two new minors: Engineering Perspectives for CUSB students ~d Innovation 
and Entrepreneurship for SOE students. This paper discusses the need for these two minors, their proposed content 
and desired outcomes, and the rationale for their structure. · 

INNOVATION, ENTREPRENEURSHIP AND TECHNOLOGY 
The CUSB traces its beginnings to 1924, when Clarkson College of Technology founded the Department of 
Business Administration. In 1931, an interdisciplinary engineering and business program named Industrial 
Engineering, was introduced. Later, in 1952, the School of Arts, _ Science, and Business Administration was formed, 
and two years later the Industrial Distribution Degree (marketing and engineering) was offered. In 1960, Business 
Administration became an independent school, and it was renamed the School of Management in 1964. 
Entrepreneurship came to Clarkson in 1976, and in 1995, the School of Management became the School of 
Business. Today, the CUSB offers undergraduate degrees in Business and Technology Management (B&TM), e
Business, Financial Information and Analysis, and Information Systems and Business Processes. By the end of this 
academic year, e-Business will be restructured and renamed Supply Chain Management, and B&TM will undergo 
changes and be renamed Innovation and Entrepreneurship. The Interdisciplinary Engineering and Management 
degree program is also housed in the CUSB. 

The SOE can trace its roots to the day Clarkson opened in September of 1896, with courses in electrical engineering, 
machine work and smithing, and woodwork and patternmaking, among others. By 1907, undergraduate degrees in 
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mechanical, chemical and civil engineering were added to the electrical engineering degree. Today, the SOE offers 
degrees in Aeronautical Engineering, Chemical Engineering, Civil Engineering, Computer Engineering, Electrical 
Engineering, Environmental Engineering, Mechanical Engineering, and Software Engineering, which is 

. interdisciplinary in nature. 

In order to encourage cross-disciplinary learning by both engineering and business students two minors have been 
proposed. A minor in Innovatwn and Entrepreneurship wilJ be available for engineering students to better prepare 
them for working in environments that value innovation, technology commercialization, understanding market 
opportunities, risk management, and effective management of intellectual property. To better prepare business 
students for working in manufacturing and/or research and development environments, a minor in Engineering 
Perspectives is being developed. Students who elect to pursue either of these minors will graduate with a program 
of study (major and minor) that will provide them with a blend of innovation, entrepreneurship and technology 
concepts and experiences that will allow them to excel in their caree~. · · 

INNOVATION AND ENTREPRENEURSHIP MINOR 
Engineering students tak~ courses and indulge in experiences that provide them with the tools to enter the workplace 
as problem solvers in the various engineering disciplines. The purpose of this proposed minor program is to add 
another dimension to. their knowledge base; namely the concepts and experiences that will form the foundation for 
bringing innovative products to the market place. The proposal for the Innovation and Entrepreneurship minor 
contains 16 credit hours of coursework and is structured as shown below. 

Required Courses (10 credit hours) 
1S200 - ERP Fundamentals ( I credit hour) 
MK320 - Principles of Marketing . 
MK332 - Market Analysis and Research 
MK.436 - Creating and Developing Innovation and New Products 

Elective Courses (6 credit hours - choose any two) 
MK321 - Consumer and Buyer Behavior 
SB313 - Experiential Entrepreneurship 
SB43 7 - Commercializing Innovation 
8B420 -· Designing and Leading Innovative Ventures 

. There are four required courses for this minor. The first course, ERP Fundamentals, serves as the pre- or co
requisite for the Principles of Marketing course. This course introduces students to business processes and 
enterprise resource planning. Further, it provides an overview of the functional areas of a business and the business 
processes that support them. The students perform some of the processes and tasks in SAP R/3 required to create, 
track, and communicate enterprise information. The focus is on planning tools, real-time tools, and performance 
evaluation tools and applying them to each functional area and business processes. This is very much a hands-on 
course. 

Principles of Marketing is aimed at familiarizing students with various marketing terms, concepts, principles, 
institutions and practices. The course topics include buyer behavior, market research, product planning, pricing, 
distribution, personal selling and advertising. These topics are then explored in more detail in subsequent courses. 
The course also looks at the changing nature of marketing and the trends in both domestic and international . 
marketing. SAP-based exercises are an integral part of this course. 

Market Analysis and Research provides an introductory coverage of a number of concepts and tools relevant to 
market information acquisition, . analysis, and interpretation. The primary focus is on decision making in marketing 
research. Students are required to complete a marketing research term project. 

Creating and Developing Innovation and New Products will cover topics related to the creative and process 
elements of new product development, as well as teach students how to price new products. This course is currently 
under development. 
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The first elective course is Consumer and Buyer Behavior. This course provides coverage of selected consumer 
behavior theories and models. Further, emphasis is given to the most recent research along with marketing mix 

· applications. The topics include classic and operant conditioning, motivation and attribution theories and the 
elaboration likelihood model. The students are also required to complete a term project. 

Experiential Entrepreneurship is a course in which the strategic and tactical planning of an actual business 
enterprise takes place. Students are introduced to entrepreneurship, the planning process, and frameworks for 
strategic and financial planning in addition to other topics. Students also review the strategic and tactical plans of an 
ongoing bus~ess and make appropriate changes as necessary. 

Commercializing Innovation is a new course designed to show students how to successfully commercialize 
innovation. The course will provide an exposure to various product design approaches and strategies. A major 
component of the course will be 'exposing students to commercialization activities such as pre-product launch 
planning, market testing, actual product launch, and post-launch follow-up. 

Designing and Leading Innovative Ventures will provide students with opportunities to understand how the 
shifting business environment requires innovative ventures to adapt, change.and respond to ensure competitiveness. 
The students enrolled in this course will explore traditional organizational structures as well as cross-functional and 
virtual teams and networks. Students will also gain an understanding of the value of rewards and incentives in 
helping to influence innovation and structural/organizational evolution. 

Students who complete this minor will have a strong understanding of: 

0 Market behavior, 

0 How to measure market response to a new product, 

0 How to protect intellectual property, 

0 Creativity and new product development, and 

0 Designing organizational structµres for innovative ventures, among other topics. 

ENGINEERING PERSPECTIVES MINOR 
One of the more significant problems in companies is that non-engineers neither appreciate nor understand the role 
of engineers and the processes they use to create products, structures, and objects. Students who successfully 
complete this minor will gain a better understanding of the engineering process, some of the different engineering 
disciplines and tools, and appreciation of both engineering triumphs and failures. 

The proposed minor in Engineering Perspectives will be a 15-hour program with the following structure. 

Required Courses (12 credit hours) 
ESXXX - The Engineering Process: From Idea to Reality 
ESXXX - Triumph and Failure in the Engineering World 
ESXXX - The Building Blocks of Our World 
ES305 - Virtual Tools in Engineering 

Elective Courses (3 credit hours - choose any one) 
·HIST 330 - Science, Technology & Society in the Ancient World 
ANTH 270 - Environment, Technology and Society 
SOC 470/POL 470 - Environmental Policy 
Any 3-credit SPEED team (Student Projects for Engineering Experience & Design) 

The Engineering Process: From Idea to Reality is being designed to help students develop a broad overview of 
engineering. This includes exploring the role of engineers in our economy, the fundamental principles of 
engineering, some of the tools that engineers use, and some of the challenges engineers face in accomplishing their 
work. The students will learn about basic engineering design approaches while investigating the engineering of real- · 
world products, structures, and objects. Students who successfully complete this course will acquire a working 
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knowledge of the role of an engineer and become comfortable with topical awareness of engineering terminology, 
tools, and approaches. 

Triumph and Failure in the Engineering World is being designed to help students identify the problems and 
· benefits stemming from engineering activity within our world from multiple perspectives: human, environmental, 
economic~ and political. They will learn how engineering has made the world better and worse, and investigate ·what 
the future might hold. Students who successfully complete this course will understand both the potential and 
limitatio~s of engineering as well as the potential impact of engineering on future innovation. 

The Building Blocks of Our World is being designed to provide students with an overview of the similarities and 
differences of some of the major engineering disciplines, including the methods used to design and build products, 
build structures, and design systems. The course will include hands-on learning in measuring, testing, building, and 
destroying. Students will also become conversant in essential engineering principles an~ boundary conditions that 
will help them work with engineers to improve the innovation, desi~ and building processes. 

Virtual Tools in Engineering introduces students to the engineering design process including determining a market 
need, creating design specifications, concept generation, and evaluation of concepts and final specifications of a 
particular design. Emphasis is on t~e virtual tools engineers use in this process, such as developing CAD models, 
simulating the operation of the design, developing a virtual environment including a human-computer interface, and 
presentation of the resulting design. Appropriate software is used throughout the course, including CAD software 
such as AutoCADt> and Solid Edge'>, modeling software such as 3D Studio Maxt> and Mayat>~ analysis software . · 
such as a FEM package, virtual environment software such as Virtoolst>, and computer graphics/video production 
and presentation software such as Adobe Photoshopt> and Premieret> and/or Macromedia Flasht>. 

The purpose of the elective courses is t~ put the technology learned through the required courses into perspective. 
The first elective is Science, Technology & Society in the Ancient World. From earliest times, technological 
developments have been inextricably l~ed to social change. Although ancient 'scientists', inventors and thinkers 
were often hindered by limited materials, lack of underlying theory, and intellectual isolation, they produced some 
of mankind's most ingenious and important inventions: writing, chronography, astronomy, irrigation, engineering, 
and city planning, to name only a few. This course ex~ines both the mechanics of man's great inventions, and the 
ways in which political, economic and social factors provided the impetus for technological developments, which 
often proved t9 be the catalysts for social change. Students participate in hands-on demonstrations as well as a 
culminating.project. · 

The environments people live in and the technologies. they use to exploit those environments profoundly influence 
other aspects of their lives. At the same time, the ways people live and the technologies they employ often lead to 
sigriificant transf~rmations of the natural environment. In Environment, Technology and Society students explore 
the reciprocal relationships of environment, technology, and culture by examining variation in that relationship 
among a number of societies whose technologies range from foraging to factories occurring in environments as 
different as tropical rainforests and arctic tundra. 

Environmental Policy introduces students to the distinctive features or characteristics of environmental policy 
development and implementation. The course primarily focuses on the United States but includes international 
environmental issues and policies. The course helps students understand how environmental policy fits within the 
large-scale social and economic changes in the U.S. and elsewhere that have resulted in greater environmental 
awareness. Students also consider how scientific evidence is created and marshaled in support of competing ·· 
interpretations of environmental problems, and the appropriate policies to address such problems. Case studies of 
particular environmental policies, such as regulation of transgenic crop development and commercialization, are 
used to help students grasp the complexities of, and driving forces behind, environmental policy. 
The SPEED courses are project teams that are run by students and advised by faculty. The projects include the 
Concrete Canoe in which a canoe is designed and then built out of cement. Yes, the canoe can actually float ·
usually! Another project is called Destination Imagination. In this course students design and construct structures, 
solve complex problems, write and perform plays, and design the sets, costumes, props and special effects. 
Environmental Design is another SPEED project. In this course teams design treatment processes to remediate 
hazardous waste sites. Probably the two most popular projects are the Mini Baja and the Solar Car. Students in the 
Mini Baja project design and build an amphibious vehicle that goes through mud, navigates through water and 
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negotiates steep hills. The vehicle is raced periodically against teams from all over the world! Students transform a 
. production car into a solar car in the other project and race it in the Tour de Sol, which is held in Saratoga Spa, NY. 
Last year they converted a Honda CRX into the SEVRX. 

The goal of this minor is for non-engineering students, more specifically, CUSB students, to gain an unders.tanding 
of fundamental engineering concepts and processes through lectures, demonstrations, readings, hands-on learning, 
and other activities. Additionally, through the elective courses, students can gain a perspective of the historical 
development of engineering thought throughout the ages. The most important benefit students will achieve can be 
realized once they leave school and join the workforce. That benefit is an understanding of what the engineer 
working beside him or her brings to the workplace each day, and how they can work together to create value for 
their company and society. 

DISCUSSION 
The plan when I submitted my abstract for the conference was to have these two minor ·programs completed and 
approved. However, as the old saying goes, "Anything that can go wrong will go wrong.!" Probably the greatest 
contribution from this endeavor will be the collaboration that is taking place between the associate deans and 
faculties of the two schools. It is more commonplace that a school or department will create a minor program for its 
own students. For example, the CUSB"has ·created minors in Law Studies and Economics for CUSB students as 
well as others at the university. This effort, on the other hand, requires that CUSB and SOE faculties offer not only 
a selection of existing courses, but develop additional courses that are tailor-made for students outside of their 
schools! Moreover, this will require considerable effort to schedule courses and faculty to maximize the opportunity 
for students to add these courses to their schedules, in addition to the schools providing additional resources as more 

· staffing is needed. The Business Leadership Committee and the Engineering Advisory Council offered practitioner
oriented perspectives to insist that graduates needed this knowledge and skill combination, driving this process from 
the demand-side, and there is evidence of significant student interest on the supply.;.side. 

The benefits, however, seem to considerably outweigh the costs. The exposure to the insights of different disciples 
that students pursuing these minors will receive will be of significant benefit. It is the ·hope of both schools that 
these minors come on line next September and that a large number of students will avail themselves of this 
wonderful opportunity. ' 

ENDNOTES 
Course descriptions, program goals, and the historical background come from five primary sources: 

l. Clarkson University catalog of courses, Fall 2006-Spring 2007. 

2. Proposal for a minor in Innovation and Entrepreneurship (Mike Wasserman, CUSB Associate Dean for 
Undergraduate Studies, Amy Zander, SOE Associate De~, and Ralph Janaro, CUSB Undergraduate 
Policy Committee Chair). · 

3. Proposal for a minor in Engineering Perspectives (Mike Wasserman, CUSB Associate Dean for · 
Undergraduate Studies, Amy Zander, SOE Associate Dean, and Ralph Janaro, CUSB Undergraduate 
Policy Committee Chair). 

4. Broughton, B. (1995),A Clarkson Mosaic, BookCrafters, Che~sea. 

5. The Clarkson University Web Site (www.clarkson.edu) 
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WHAT IS AFTER COMMUNITY COLLEGE FOR INFORMATION 
AND NETWORK TECHNOLOGY PROFESSIONALS? 

Hilmi Lahoud, David Batts and Sam Khoury 
East Carolina University 

ABSTRACT 
As Information Technology (IT) evolves, more network technology professionals are needed to meet the needs of 
industry. As forecasted by the United States Department of Labor, network administration is one of~e fastest 
growing jobs in the United States. Community colleges throughout the US are preparing students to enter the IT 
field and giving them ·the opportunity to further their education at four-year institutions. Furthermore, colleges and 
universities are allowing individuals to maintain their jobs while giviqg them the opportunity to further their 
education and advance their careers. This article discusses the initiatives that some North Carolina universities are 
taking to provide education and training for working adults and ~ose interested in furthering their education. 

INTRODUCTION 
This .paper discusses .the growing ·demands for the IT profession, higher education's response to this deman~ and 
how universities may employ distance education to fulfill the needs of the work place in partnership with the 
community college system. Demand for Information Technology (IT) workers has increased throughout the United 
States over the past decade. The rise in the demai,d parallels the growth and expansion in technology, Internet, and 
distance education. Concurrently, distance education has been growing as a means ofundetgraduate education over 
the last decade. For example, according to the United States Department of Education, National Center for 
Education Statistics (2003), for the 2000-2001 academic year there were 2,876,000 students enrolled in distance 
education college level courses. Eighty-two percent of these students were taking undergraduate level courses~ This 
represents a 111% growth of total student enrollment from the 1997-1998 (1,363,670) academic year as detailed by 
the National Center for Education Statistics, (1999). 

This substantial growth in enrollment is fueled by the demand for skilled IT professionals. According to Prabhakar, 
Litecky, and Arnett (2005)~ the demand for skilled IT workers has continued to grow by 50% since April 2002. IT 
professionals are expected.to have skills that allow them to achieve results within a short time on the job. They are 
expected to have certifications and hands-on skills that allow them to take off running. Colleges and universities 
need to prepare students for these highly skilled positions. Achieving an associate degree is no longer enough. IT 

. professionals have to return to school to further their education by earning a Bachelor of Science in Information 
. Technology or similar degree and earn some industry certifications in the process. Prabhakar et al. point out 
industry certifications put students in a better position in a tight job market. Institutions that offer technical degree 
programs that prepare student for industry certifications add value to students' future success as IT professionals. 

GROWTH IN INFORMATION TECHNOWGY (NETWORK ADMINISTRATION) CAREERS 
The United States Department of Labor, Bureau of Labor Statistics, defines Network and Computer Systems 
Administrators as" ... [Individuals who] ... Install, configure, and support an organization's local area network 
(LAN), wide area network (WAN), and Internet system or a segment of a network system. Maintain network 
hardware and software. Monitor network to ensure network availability to all system usets and perform necessary 
maintenance to support network availability. May supervise other network support and client server specialists ·and 
plan, coordinate, and implement network security measures ... " (USDL, 2005). According to state and local .career 
agencies, similar definitions were given to network administrators (CLMI, 2005; NCSOICC, 05-06). California and 
North Carolina Career job documents indicate a Bachelor's degree is required for such jobs (CLMI, 2005; 
NCSOICC, 05-06). . 

Per the United States Department of Labor, careers in Information Technology are expected to continue to rise in the 
future as they have been in the past years. The following statistics are associated with the increase in the nwnber of 
network administrators between 2001 and 2005 (USDL, 2001, 2002, 2003, 2004, and 2005): 

• 2001, the number ofNetwork and Computer Systems Administrators was estimated to be 227,840 
jobs in the United States. 

• . 2002, the number increased by 2.07 percent to reach 232,560. 
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• 2003, the number of network administrators increased by 2.33 percent to reach 237,980. 
• 2004, the number of network administrators increased by 8.97 percent to reach 259,320. 
• 2005, the number of network Administrators increased by 4.25 percent to reach 270,330. 

Job numbers for Network Administrators are presented in a progression diagram in Figure I. 

Yearly Increase in Network Administrators in the US 
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Figure I. Yearly Increase in Network Administrators in the United States 

Furthe~ore, network administration jobs have been increasing in numbers, while the salary of network 
administrators has been increasing as well. Based on the United States Department of Labor, Bureau of Labor 
Statistics, the salary of network adminis~tors has been increasing as follows (USDL, 200 I, 2002, 2003, 2004, 
2005): . 

• 2001 network administrator's salary was ·56,440 dol_lars per year. 
• 2002 network administrator's salary was 57,620 dollars per year with an increase of2.09 percent 

form the previous year. 
• 2003 network administrator's salary was 59,140 dollars per year with an increase of2.64 percent 

from the previous year. 
• 2004 network administrator's salary was 61,470 dollars per year with an increase of3.94 percent 

from the previous year. 
• 2005 network administrator's salary was 63,210 dollars_ per month with an increase of2.83 

percent from the previous year. · 

The following figure shows the increase of salary based on year 2001 through year 2005. 
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Salary Increase for Network Administraors in the US 
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Figure 2. Increase in Salary Over Time 
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While the need for network administrators continues to grow, educational institutions are working hard to add new 
programs to meet the unfilled needs (Prabhakar et al, 2005). The shortage of network administrators and other IT. • 
professionals bas .been a problem for state governments, as well (Pawlowski, Datta, & Houston, 2005). Pawlowski 
et al. argue that competition for skilled IT workers has forced state governments to find new ways of attracting and 
retaining skill IT professional. In 2006, a survey conducted by Robert Half Technology concluded that 13% of the 
1,400 Chief Information Technology Officers surveyed indicated that they planned to hire more IT workers in the 
fourth quarter of 2006 (Katz, 2006). The increase in hiring and the difficulty in finding skilled workers are leading 
to more shortages that are likely to continue in coming years. To help meet these unfilled needs, educational 
institutions need to develop programs that prepare students for fast moving careers as network administrators. 
College graduates that seek careers as network administrators need to have some of the technical skills and industry 
certifications (Prabhakar et al). Degree programs that provide both of these requirements are likely to benefit 
graduates more than those that don't. · 

. BACHELOR OF SCIENCE IN INDUSTRIAL TECHNOLOGY (BSIT) 
The institutions comprising the North Carolina Community College System (NCCCS) offer a wide range of 
Associate in Applied Science (AAS) programs in technology driven fields. Together, these programs represent a 
inajor element of the state's workforce development capability. A significant issue in developing the potential of 
students in these programs is that there is a general lack of coordination and communication on·how the AAS 
degrees lead to completion of a baccalaureate degree. The top students in these AAS programs do not have a clear 
pathway to continue their career development to include a baccalaureate degree and studies beyond this level. The 
number and variety of these AAS programs, the different approaches taken by each college, and the individual 
nature of each·student have combined to produce a situation that limits opportunities for these programs. This, in 
turn, limits the market appeal for these programs and a reduction in recruitment and student numbers. The net result 
is reduction in work force capability that, among other things, is detrimental to the North Carolina economy. 

An approach is needed to alleviate this road block. Distance education has been used to meet these needs by . 
offering courses online. Online education gives the student the flexibility to take the course at a time and place that 
is convenient to their lifestyle. The Division of Continuing Education at ECU has been a leader in this area: "East 
Carolina University has been a leader in distance education in North Carolina for more than fifty years. ECU 
recognized the potential of online learning early and was among the first schools in the nation to develop and offer a 
degree completely over the Internet. Since then, the university has created more than 50 degree and certificate 
programs in health, education, technology and other areas" (Division of Continuing Education, 2006). As a result of 
this vision, East Carolina University's distance education enrollment far surpasses the other 15 universities in the 
University ofNorth Carolina System (McGillicuddy, 2004). A recent report described the financial impact of this 
major program by indicating that of the $14 million in allocation by the UNC system to state higher education 
institutions for distance education this year, ECU received $11 million of it for the university's 4000 distance 
education students. The Department of Technology Systems has helped East Carolina University lead the way with 
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over 710 distance education students in 2005. The Department of Technology Systems offers five graduate 
programs fully online and also one undergraduate degree and continues to develop more online courses to meet the 

· needs of the students and workforce development. 

East Carolina University's Department of Technology Systems has a degree completion program, Bachelor of 
Science in Industrial Technology, for graduates of an Associate in Applied Science degree. The Bachelor of Science 
in Industrial Technology (BSIT) has seven concentrations; one of those concentrations is Information and Computer 
Technology (ICT). This concentration aligns with three community college degree programs (Information Systems 
Security, Information Systems Security/Security H_ardware, and Networking Technology) an~ two degree programs 
(Computer Information Technology and Web Technologies) with the addition ofa few extra prerequisite courses. 
This degree can be finished on campus or completely online. The community college degrees and the BSIT 
Information and Computer Technology concentration helps to meet the industry needs of providing educated 
professionals in the Information Technology field. 

BSIT INFORMATION AND COMPUTER TECHNOLOGY (ICT) CONCENTRATION 
As more and more students are discovering the advantages of obtaining an undergraduate degree, there has been a 
great demand for the BSIT (lcn program. This demand is further impacted by the need to having an undergraduate 
degree to obtaining a job as a network administrator. The BSIT with concentration in ICT focuses on the design, 
implementation, troubleshooting, and maintenance of computer systems and computer networks. In addition, 
students are prepared for upward mobility with basic management courses. 

Students may receive up to 37 technical credits for completion ofa qualifying AAS degree from a computer 
· networking related field and 26 for general education credits which is half the degree. Graduates are qualified for 

career advancement opportunities both in technology and managerial fields. Those credits are determined by the 
articulation agreements between the university and the community colleges. Students at the community colleges are 
advised to follow a certain track, if they are planning to attend the BSIT ICT program at East Carolina University. 
By following such a track students will meet the requirements of an AAS degree as·well as the maximum possible 
number of credit hours they are allowed to transfer. 

The degree is designed to educate student's knowledge and theories for management positions. Some of the 
managerial courses required of the students are: Technical Writing, Technology Project Management, Cost and 
Capital Project Analysis, Industrial Supervision, and Introduction to Statistic Process Control. The program is 
designed for students to take 24 hours of upper level technical content. The student has a designated number of 
courses to choose from thus giving the student the opportunity to take courses that will enhance their career and 
concentrate on certain areas of technical knowledge. For instarice, student may choose to further their network 
administration skills and take advanced level network administration courses to lead them for industry based 
certificates such as the Red Hat Certified Technician (RHCT), the Red Hat Certified Engineer (RHCE), advanced 
computer and network security, regulations and policies, web services management, and courses.that lead to the 
Cisco Certified network Professional (CCNP). · · 

GROWTH OF THE BSIT 
As stated previously, there has been growth nationally in online education. There has also been an increase in 
students transferring from a community college to a four year institution (De La Torre, 2007). Normally, these 

- students largely consist of students from Associates in Applied Science or Applied Arts degrees. The Associated in 
Applied Science has typically been viewed as a terminal degree but at East Carolina University, growth in the BSIT 
program has been dramatic. The enrollment in the program grew 45% from summer 2006 to fall 2007, 226 to 314 
respectively. Out of these numbers, the Information and Computer Technology concentrations went from 66 
students in the summer of 2006, to 133 in the fall of 2006. Finally, .the enrollment for spring 2007 was at an all time 
high with 338 students enrolled in the BSIT. 

PARTNERS WITH COMMUNITY COLLEGES 
The growth in the Bachelor of Science in Industrial Technology occurred due to a dedicated effort for marketing and 
partnering with the community colleges. The Technology Systems Department led new efforts in marketing by 
developing new brochures and posters. The department also had faculty members and staff visit with the community 
colleges either one-on-one with the head administration, in the classrooms with the students, or at conferences held 
for the community colleges' faculty and staff. Department faculty members also gave professional presentations on 
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the degree completion program, course developments in the field, and innovative teaching strategies, all of which 
brings attention to the degree completion program at East Carolina University . 

. The department used a marketing firm to assist with the development of a colored brochure and color poster. The 
brochures used actual photographs of students at East Carolina University along with stock photos. The marketing 
material intended to highlight the diversity of the students in the program and also the diversity in the delivery · 
method (face-to-face and online). The figure below was used as a poster. · 

Our BS In fldustrial technology Pf09l'IITI intagrates 
with over OM t.Jndred MS degreH In the community college system. 

Turn your AAS degree into a BS 
degree at East carolina University. 
Conti~e your education and 
YOtX career through our program 
where you can receive up to 
63 transfer credits toward your 
four-year degree. The degree can 
be completed fully online withrut 
ever coming to our campus. . 

CONCENTRATIONS 
Industrial supervi,Sion 
Information iWld computer technology 
Ma'lufactunng systems 
lndustrial distribution and logistics 
Mech.Ylical technology' 
A!'Ctlitecrurai technOlogy' 

Bioprocess mMUfactmno-<¥: 

lndustrial Technology Progr.am 
College of Tedlnology and Compullf Selene. 
www.tea.ecu.eduftsys/transflr 
l~pt~ 

Figure 3. BSIT Poster 

From the personal visits to the community colleges, the program coordinator has developed agreements with over 15 
community colleges and over 48 degree programs. Of these degree programs, almost half are Information and. 
Computer Technology related. The agreements are designed to help guide the community college advisors and 
counselors in regards to the courses that will transfer into East Carolina University. These agreements in tum help 
the community college market their programs to students who wish to earn a technical degree, but also want to 
pursue a four year degree. 

Finally, the department partners with community colleges to assist in the instruction at the university. The 
department has hired four community college instructors to teach full time at East Carolina University. The 
department has also used community college instructors to teach on a part time basis as adjunct faculty. This close 
relationship helps to build the bonds with the community college faculty and staff. In addition, faculty are involved 
in providing workshops and seminars in most of the North Carolina Community Colleges (NCCC) sponsored 
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conferences and events covering the latest in technologies and to provide updates on how the 2+ 2 programs are 
progressing. Another advantage of such involvement is to maintain the open channels of communications between 

· our faculty and the community college system faculty by sharing information, concerns, and feedback. This in turn 
helps with the recruitment of their students. The students at the community college know that they might have the · 
same professor at both institutions and the faculty member is also the most knowledgeable advocate of the program. 

CONCLUSION 
As the need for trained and skilled Information Technology {IT) increases, collaboration between 2-year institutions 
and 4-year institutions becomes essential to local,. state, national, and even global economies .. Providing the option to 
pursue a higher level of education is crucial to the well-being of students, as well as the economy. As technology 
changes, continuing education becomes more important to IT professionals that will need to update their skill. In 
order to maintain their jobs and increase their earnings, IT professionals must commit themselves to lifelong 
learning. Universities and community colleges need to work together to find new ways to bridge the gaps that exist 
and to provide more opportunities for an ever changing workforce. Offering an undergraduate degree in both 
traditional and distance learning, gives students the flexibility of taking classes regardless of distance and time and is 
just one step toward this goal. The examples of the different initiatives presented here have resulted in an increase 
in enrollment and further preparation of students for the challenges that lay ahead. Students that are prepared for 
challenges are more likely to be successful and to significantly contribute to their occupation. 
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AN ASSESSMENT APPROACH FOR ABET 

Michael E. Opar and Thomas W. Hill, Jr. 
St. Ambrose University . 

ABSTRACT 
Developing the proper program assessment measures and collecting data, as well as analyzing and storing that 
information f~r ABET accreditation can be a formidable task. Professors in the Industrial Engineering department 
have classified courses to simplify the task and have created a tool to make assessment more objective and 
manageable. 

INTRODUCTION 
Outcomes based assessment has tremendous value in developing and maintaining a strong engineering program. 
The Accreditation Board for Engineering and Technology (ABET) requires this outcomes based approach for 
engineering programs accredited since 2000. Although St. Ambrose had been preparing for the change in criteria 
prior to ·2000, we chose to be evaluated under the "old" criteria when we were reviewed in 1999. to see how ABET 
was going to use the ''new'' criteria in reviewing the Self Study report, and site visit. In 2005, St. Ambrose was 
prepared to be evaluated under the new criteria, but approached documentation in a simplified approach. 

The most problematic criterion according to ABET is: 

Criterion 3. Program Outcomes and Assessment Each program must define program outcome statements 
that describe what students are expected to know and be able to do by the time of graduatjon. These relate 
to the skills, knowledge, and behaviors that students acquire in their matriculation through the program. 
Each program must have processes to produce these outcomes and an assessment process with documented 
results, that demonstrate that these program outcomes are being measured and indicates the degree to which 
outcomes are achieved. This assessment process must be applied to further qevelop the program. 

Many institutions will have weaknesses, or deficiencies in their ability to show successful program assessment. 

FOUNDATION 
The St. Ambrose Industrial Engineering program is comprised of two full time faculty and one adjunct faculty. This 
closeness as well as some prior planning led to a successful definition of the program. First, we laid the foundation 
of our program through our program's mission statement. This can be a daunting task, in itself, but we kept it 
simple: 17 words or less, no qualifiers, just what we did and who we did it for. The mission of the St. Ambrose 
Industrial Engineering program is to develop graduates who design, communicate and implement engineering 
solutions satisfying the needs of all concerned. Our goals at:"e generally accepted, though we re~ed them to 
reflect our philosophy of what an industrial engineer from St. Ambrose would be taught. 

BUILDING BLOCKS 
Developing our Program Educational Objectives proved to be challenging. These were the first building blocks on 
the foundation which was set by the mission. These ·defined what our graduates will be able to accomplish. The 

· faculty met each week to define what these were, but spent many hours simply differentiating what our graduates 
will be doing from what we are teaching them to do. As such, the ,Program Educational Objectives require 
significant thought, as they can best be assessed through alumni surveys and employer surveys. No program has 
control over how our engineers perform once they have received their degree. 

Program Outcomes was next in building the assessment plan for our program and reflect what we require our 
students to learn prior to graduating. This task was more straight forward, as ABET defines these, we simply edited 
them to reflect our institution. Furthermore, Program Outcomes are what we have best control over, as they reflect 
what our current students are learning. The first step for us was to link each of the Program Outcomes to one or 
more of the Program Educational Objectives. Each program Outcome, what we are teaching students, must have a 
direct link to what our graduates will be doing. The next step was to look at the curriculum itself including all 
general education requirements. 
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The syllabus from each course was examined, primarily n the course objectives. We mapped the individual course 
objectives to the list of Program Outcomes to see what we outcomes were focused and in which course. We also 
examined how the Program Educational Objectives were being represented by _course. 

Program Outcomes 
Skills 

Knowledge _ 
Behavior 

Program Educational Objectives 

What graduates 
will be able to accomplish. 

Mission 

Figure -1: Mission as foundation. 

. ANALYZING THE CURRICULUM 
The current curriculum was completely mapped by Program Outcome, and by Program Educational Objective. 
Many engineering programs assess each of th~ courses by Program Outcome fro assessment. Given the size of our 
program (two faculty members), and reflecting· on our course/Program Outcome matrix, we quickly determined that 
the amount of data would be insurmountable, even with less than 50 students. Using the building analogy, we 
categorized and color coded all courses in the curriculum (including general education and electives) into seven 
categories: 

General Education (grey): university requirements, 
· Engineering Core (blue): Foundation, Math, Engineering Sciences, 
Basic Tools (green): Statistics, general engineering/introductory courses, 
Intermediate Tools (yellow): Courses which use basic tools, quality control, methods, etc., 
Advanced Tools (orange): Courses which integrate skills developed in prior courses, 
Application (red): Capstone course, internship_, 
Feedback/Sharing (purple): seminar courses and survey collection. 

ASSESSMENT PLAN 
Based on the. principle that students build their education from fundamentals to application, we focused on the 
orange and red courses. Although blue and green courses address some of the Program Outcomes, the level of 
student output is limited to their experience. The depth of which a student fulfills a Program Outcome in a first year, 
or core (blue) course is much different than the student fulfills a Program Outcome in an advanced tools (orange) or· 
application (red) course. By ensuring that the all program outcomes are addressed in orange and re9 courses, we 
increased the depth of students' education in those areas. We also could then restrict our assessment to just the 
orange and red courses ( eight in total) and go into greater detail. In other words, the orange and red courses offer 
significantly better assessment data, as students are using knowledge as opposed to creating their knowledge. We 
also reduced the number of data points from a total of337 per student (each Program Outcome for all courses in the 
curriculum) to 42 per student. 
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Proe:ram Outcome Dimensions s 4 3 2 1 
a. An ability to apply • Performance: Appropriate use of Appropriate use of Appropriate use Methods No 

· knowledge of Quantitative advanced methods intermediate of basic methods used. methods 
mathematics, science, methods leading to directly linked to methods linked to linked to results minimal or used. 
and engineering. a result results results no link to 

• Formulation and results 
Solution: Methods 

• Use of analytical 
tools: results 

Figure 2: Rubric of Program Outcome a. and evaluation criteria. 

The most significant instrument we developed for assessment is a Program Outcome Rubric in which the faculty 
fully defined five levels of achievement for each of the Program Outcomes. This enabled the faculty to self assess 
outcomes and defend those assessments in a department meeting. The rubric ensures a common understanding of 
what is meant by a score of2 out of5 on a particular Program Outcome. Developing tbe rubric also helped the 
faculty better understand what we should expect from ourselves and students for each of the Program Outcomes and 
in each of our courses. Figure 2 represents program outcome a. and how it should be evaluated. 

There are sufficient data points to assess how well our students and faculty are meeting the Program Outcomes as 
we review this data annually. Furthermore, tying the program outcomes to exit surveys as well as, alumni and 
employer surveys we can see objectively how our program is meeting the Program Outcomes (and subsequently 
Program Educational Objectives) . 

. Ifwe find we are deficient in meeting a Program Outcome, we can then examine the causes. If necessary, we can go 
down a level in our assessment and look at the yellow courses to ensure students are receiving the foundation and 
knowledge required to successful in the orange and red courses. 

RESULTS 
We have found the rubric to be incredibly useful in minimizing bias and being able.to _compare courses and Program 
Outcomes on a more standard scale. The results of the assessment are now easier communicated to the Industrial 
·engineering Advisory Board and also helps us focus on constructive adjustments to the curriculum. The interaction 
required by the assessment process engages the faculty leading to more collaboration in course design and assurance 
that we are educating our students based on our defined philosophy. We are very comfortable with the process from 
an assessment standpoint. We are currently working with the Associate Vice President of Academic Research and 
Assessment to use this assessment approach in other areas of the university. Although we complained about the 
long hours, the seemingly endless definitions and mappings, the end result is truly a powerful instrument. This 
approach would be ideal when designing a new undergraduate or graduate program, regardless of discipline. 
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STRATEGIES FOR DEVELOPING CAMPUS-WIDE PROGRAMS IN ENTREPRENEURSHIP 

Colin 0. Benjamin, Dwayne Cole, and Alvin Hicks 
Florida A&M University 

ABSTRACT 
We review the strategies adopted by several universities in developing successful programs in Entrepreneurship and 
identify critical success factors. We propose a planning framework to facilitate the incorporation of inputs from all 
stakeholders- administrators, faculty, students and the community, in developing winning programs ~d illustrate 
the application of this framework . .. 

INTRODUCTION 
Entrepreneurship is the process of seeing opportunities, acting passionately, and using limited resources to create 
new value for others. This process results in innovative discoveries, products, services, and sustainable activities that 
satisfy individuals while benefiting mankind. (Bhuiyan, 2006). Although Katz (2003), in chronicling the evolution 
of entrepreneurship education in the USA from 1876-1999, suggested that the field had reached maturity and 
expected growth to occur outside business schools and outside the USA. However, Schramm (2006) has ass~rted 
that US colleges, universities, and business schools, should be at the very heart of entrepreneurial capitalism and· 
should be making bigger contributions to the changing economic landscape. He argues that higher education should 
graduate intellec~lly curious students prepared to make innovative c~ntributions to socie~ and the economy 

In this paper, we review the strategies adopted by several universities and funding agencies in initiating campus
wide programs in entrepreneurship education and identify critical success factors. We propose a framework for use 
by planners in academia to facilitate the-incorporation of inputs from all stakeholders - administrators, faculty; 
students and community, in developing winning programs. Finally, we illustrate the application of this framework 
using data from a university in North Florida. 

LITERATURE REVIEW 

Entrepreneurship Education 
Entrepreneurship educatio~ has been described as "the process of providing individuals with the ability to recognize 
commercial opportunities and the insight, self-esteem, knowle<;lge and skills to act on them" (Jones and English, 
2004). There has been growing interest in Entrepreneurship in academia with the concomitant development of new 
_ curricula, infrastructure and research centers (Bowers et al, 2006). Kuratko (2005) suggests that entrepreneurship 
.has emerged over the last two decades as the most potent economic force the world has ever experienced and 
recognizes the remarkable expansion of entrepreneurship education and the ongoing struggle for academic 
legitimacy. Heinonen and Poikkijoki (2006) explore the application of a range of teaching techniques to help 
university students inculcate entrepreneurial skills and behaviors. Hynes (1996) proposes a model to introduce 
entrepreneurship education into non-business disciplines while Jones and English (2004) describe a case study 
which adopts a process of student-centered learning in introducing a new entrepreneurship program in Tasmania. 
Other researchers have examined the contribution of Entrepreneurship Centers (Finkle et al, 2006; Bowers et al, 
2006). 

University Programs - Opportunities and Challenges . 
US News and World Report {www.usnews.com) provides annual rankings of undergraduate and graduate programs 
in Entrepreneurship. As shown in the profiles presented in Table 1 of five universities included in the 2006 
rankings, entrepreneurship education is being embraced by both public and private universities throughout the USA 
with very different missions. Schramm (2006) concludes that for entrepreneurial capitalism to succeed, universities 
must become the most entrepreneurial of all institutions. He proposes that colleges get out of the business of 
teaching specific skills such as fraud detection and focus on providing students with insights and skills that permit 
them to constantly adapt to the challenges and opportunities of life. He also advocates making entrepreneurship 
courses widely available to every undergraduate and delivering content with an increased emphasis on science and 
math that will allow entrepreneurship to flourish. 
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Florida Howard U niversitt of 
t Wake Forest Washin&ton 
I Universtt? Univeni9'. School International Universitt Rochester i 

mabcock} in St. Louis 
lUniversttI lFL) DC {Simon VNY) 

~ {Olin}{MO} 
; 

Public/Private! Public Private Private Private Private '---l 

Size (FT/PT)! 66 / 252 80/ 31 272 / 176 193 / 261 260 / 349 
U.S. News rankj N/A N/A 26 N/A 26 

Location 1 
i 

Oty/Statej Miami, Washington, Rochester, I Winston-Salem, i St. Louis, 
i FL DC NY l NC . ; MO 

~dmissions I 

Acceptance rate! 75.5% 29.7% 36.7% 72.2% 55.7% 
Numoer of applicants! 159 215 620 302 576 

Number enrolled( 66 40 85 88 119 
Average undergraquate GPA! 3.16 3.09 3.45 3.2 3.3 

Average GMAT score! 525 510 659 630 636 
Percent with prior work! 

100.0% 80.0% 80.0% 87.5% 92.4% experlencej_ 
Average months of worki 

67 44 54 49 l 53 experience! 
Min. paper TOEFL score: 550 550 600 600 590 

Min. computer TOEFL score1 215 213 250 250 I . 243 

Cost 1 

Private tuition! N/A ! $14,065 /yr $34,710 /yr $29,500 /yr $34,500 /yr 
Public in-state tultlon1 $27,500 N/A N/A N/A N/A 

Public out-of-state tuition\ $31,500 N/A N/A N/A N/A 
Required feesl $262 /yr $805 /yr $375 /yr $150 /yr $705 /yr 

Room/board, books, misc. ! 
expenses\ $15,000 $15,200 $17,451 $13,228 $30,064 

Average Indebtedness! $37,385 $38,142 $31,248 _$50,065 N/A 

~~era~ 8-0CtY: . .i l \ 

: Average age of entering class! 27 28 28 . 28 28 
! Percent male/female! 60.6%/3_9.3% !43.7%/56.2% I 68.7%/31.2% ; 78. 7%/21.2% ; 74.2%/25. 7% i 

Percent mlnorityj 43.9% 68.7% l 12.1% 11.9% 16.1% 
i Percent International! 30.3% 28.7% · i 51.4% 20.7% 34.6% 

Career,ProsNCts l l 
l. 

Percent employed within Jl 36.3 (FT) 89.2 (FT) j 88.2 (FT) 85.9 (FT) 90.7 (FT) 
months/ 

Average starting salary! $60,333 $75,770 l $81,734 $74,546 $80,204 j 

Average signing bonus1 $11,000 $11,286 $16,132 $13,279 $14,062 
Average other compensation! $5,000 i $11,073 $26,292 $1_5,594 $12,958 

employed In Northeastj 0 7 61 8 10 
employed In Middle Atlantlcl 1 10 7 12 3 

employed In Southl 10 3 3 43 2 
employed In Midwest; 1 0 10 s . 42 

employed In Southwest! 0 3 0 3 7 
employed In West! 0 1 9 3 1_0 

employed Internationally! 3 1 12 1 14 

Source: US News and World Report (http://www.~news.com), December 2006 

Table 1: Comparison of Top-ranked Entrepreneurship University Programs 

Bowers et al (2006), in their empirical study of the structure and function of academically based entrepreneurship 
centers, suggest that these centers are increasing in_ popularity and· represent important innovations in improving 
entrepreneurial theory and practice. However, their success would require Center directors to secure sustainable 
funding and develop strategic alliances with its stakeholders -the university administrators, faculty, students, and 
the entrepreneurship community. 
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KAUFFMAN CAMPUSES 
Kauffman Initiative 
The vision of the Kauffman Foundation, the leader in forging entrepreneurial iiµtiatives on university campuses in 

. the USA, is to foster "a society· of economically independent individuals who are engaged citizens,. contributing to 
the improvement of their communities", (www.kauf/man.org). The Kauffman Foundation works with educators, 
researchers, and other partners to further understanding of the powerful economic impact of entrepreneurship, to 
train the nation's next generation of entrepreneurial leaders, tQ develop and disseminate proven programs that 
enhance entrepreneurial skills and abilities, and to improve the environment in which entrepreneurs start and grow 
businesses. 

In recent years, one of the major initiatives of the Kauffman Foundation is its Kauffman Campuses Program which 
aims to transform the way colleges and universities prepare students for success in the American economy. In 2003, 
the program made awards totaling approximately $25 million to eight universities to make entrepreneurship 
education available across their campuses, enabling any student, regardless of field of study, to access 
entrepreneurial training. In a second round of the Kauffman Campuses Initiative, grants totaling $25 .5 million were 
given to nine U.S. universities that pledged to make entrepreneurship education a campus-wide opportunity. Table 2 
summarizes these awards~ all of which required significant matching funds from the institutions selected and a clear 
commitment from the campus lea~ership. 

2003 Awards 2006 Awards 
University Award University Award. 

Florida International University $3.0 million Arizona State University $5 million 

Howard University $3.1 million Brown University $2 million 

Univ. of Illinois at Urbana-Champaign $4.5 million Carnegie Mellon University $3 million 

Univ. of North Carolina at Chapel Hill $3.5 million Georgetown University $3 million 

University of Rochester $3.5 million New York University $1 million 

University of Texas at El Paso $2.2 million Purdue University . $1.5 million 
Wake Forest University $2 million Syracuse University $3 million 

Washington University- St. Louis $3 million University of Wisconsin-Madison $5 million · 

Univ. of Maryland-Baltimore County $2 million 

Total $24.8 million Total $25.S million .. 

Table 2: Summary of Funding provided under Kauffman Campuses Initiative 

Campus Profiles 
As shown in Table 3, the eight inaugural Kauffman Campuses (www.entrepreneurship.fiu.edu/) selected in 2003 are 
a diverse group, including both private and public universities, small and large universities, and universities with 
predoininantly minority enrollments .. As part of the initiative's matching funds requirement, the Kauffman 
Campuses schools have pledged a three-to-one match, which, combined with the Kauffman grants, is directing a 
minimum of $100 million for the creation of new interdisciplinary entrepreneurship education programs in 
American higher education. 

Best Practices 
A critical examination of the profiles of the Kauffmann campuses can offer some insights on best practices in 
entrepreneurship education. Through the grant funds provided to the various types of universities throughout the 
United States, the Kauffman Foundation has shown that there is no one correct method of teaching and encouraging 
entrepreneurship in education and that building an increasingly strong entrepreneurial culture on university 
camp1:15es across America is of great importance to the growth in the US economy. Success requires inter alia: 

• Clear commitment from campus leadership and a strong campus champion for the initiative 
• Experimentation with novel strategies 
• Willingness to assign leadership for the initiative outside of the business school 
• Selection of entrepreneurship strategies consistent with the university's mission 

University leaders interested in launching campus-wide programs in Entrepreneurship can benefit from a structured 
approach that would assist in designing a strategy consistent with the university's strategic objectives and resource 
constraints. 
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School Leadership Pro2ram Objectives 
Florida Plans include faculty training, community outreach to assist emerging businesses in South 
International Dr. Alan Carsrud, Clinical Florida and a new Entrepreneurial Academy. A Global Entrepreneurship Center 
University Professor of Management, established early in 2003 will integrate campus-wide entrepreneurship activities for Professor of Industrial 
Miami,FL Engineering, and Executive 

undergraduate and graduate students as well as the South Florida community. The school 
$3 million Director of the Global 

will add faculty in a variety of disciplines and train them for teaching and research. A 

Entrepreneurship Center Entrepreneurial Academy to coordinate faculty training, entrepreneurship courses and 
four interrelated institutes. 

HU will develop an Institute for Entrepreneurship, Leadership ~d Innovation (ELI). This 

Howard ELI will develop academic programs, a center for research, business and community 

University development programs, and a center for entrepreneurial thought The new program will 

Washington, 
Dt. Barron Harvey, Dean create and expand course work, offer an entrepreneurial module during freshman 
of the School of Business orientation, create an entrepreneurial minor for undergraduates and a full degree program 

DC$3.1 for graduates, and develop an online certificate program. A research arm will focus on 
million black entrepreneurship, business development and African-American/urban market 

demoeraohics. 
University of An Academy for Entrepreneurial Leadership Development will be formed on the campus 
Illinois .at of the University of Illinois, one of the top three doctoral granting universities in the 

Urbana- Anthony Mendes, Executive. world. Among its ambitious programs, the Academy will develop entrepreneurial 

Champaign Director of the Academy for efficiency in students, faculty and staff through hosting academic programs; support new 

Champaign. Entrepreneurial Leadership and existing activities across campus; and engage public partners outside the university 
such as alumni, state of Illinois agencies and a new alliance with two other universities 

IL$4.5 (Howard University and the University of Texas-El Paso). 
million 
University of Dr. Jack D. Kasarda, Kenan UNC-Chapel Hill will create the Carolina Entrepreneurial Initiative led by its Kenan 

North Distinguished Professor of Institute of Private Enterprise, a campus hub and outreach arm for collaboration among 

Carolina at Entrepreneurship, Director academia, government, business and civil society. Long experienced in entrepreneurship 

Chapel Hill 
of the Carolina programs, UNC has been a catalyst for the Research Triangle Park, a successful 
Entrepreneurial Initiative, & public/private start-up. The initiative will focus on creating traditional business 

Chapel Hill, Director, Center for entrepreneurs as well as social, civic and academic entrepreneurs. 
NC International Business 
$3.5 million Education and Research 

U. of Rochester (UR) will establish the Rochester Center for Entrepreneurship that will 
identify and create new partnerships with alumni, local businesses and non-profit 

Univ. of 
organizations; advance best practices in entrepreneurship education; and disseminate 
results. UR will focus on all aspects of the university, from undergraduates to professional 

Rochester students in music, education, business, nursing, and medicine. UR will develop 
Rochester, undergraduate programs in entrepreneurship including internships, mentoring, and 
NY networking opportunities and will encourage students to apply their interest in 

$3.5 million entrepreneurship to the broader University community and beyond. ln the graduate and 
professional realms we have elaborated a set of field-specific proposals-from institutes 
to venture capital funds-that will allow entrepreneurship to drive change and growth in 
culture and the arts, health care, education, and business. 
(UTEP) will create innovative programs to study and support business formation in the 

Dr. Frank Hoy, Professor of Hispanic community. Students in the Center for Hispanic Entrepreneurship will research 

Univ. of Management and the special needs of minority business_owners, and an Urban Student Entrepreneur Corps 

Texas at El Entrepreneurship and will give students hands-on experience with business creation. Both programs will work 

Paso 
Director of the Centers for closely with local chambers of.commerce and other business organi7.ations. UTEP's 

El Paso, TX 
Entrepreneurial award-wining Entering Students Program will pair faculty with local entrepreneurs to 
Development, introduce business ownership as a career option, while showing students key points of 

$2 million Advancement, Research and personal financial management UTEP will add an entrepreneurship option/minor or 
Support certificate program for students in all six colleges of the University and required 

exoeriential projects for students in entreoreneurship courses. 
The liberal arts university h~ an entrepreneurship program in the Calloway School of 

Wake Forest Dr. Elizabeth Gatewood, Business and Accountancy that is ranked 16th among American colleges and universities 

Univ. 
Director of the Office of by U.S. News & World Report. Wake Forest proposes to draw upon the Calloway School 

$2.16 million 
Entrepreneurship and of Business Accountancy and the Babcock Graduate School of Management to build a 
Liberal Arts foundation in entrepreneurship teaching, research and outreach, linking the school's 

involvement with the regional research park in Winston-Salem. 

Washington 
Kenneth Harrington, While all courses in entrepreneurship are now taught inside the business school, that's 
Managing Director of the about to change at Washington University. Among the school's innovations will be 

Univ. - St. Skandalaris Center for dedicated student housing for entrepreneurial students, 15 new courses, a second major in 
Louis Entrepreneurial Studies and entrepreneurship (without a business degree) doubling the number of student-run 
$3 million Senior Lecturer in businesses on campus, and creation of a Center for Research in Innovation and 

Entreoreneurship Entrepreneurship. 

Table 3. Summary of Campus-wide Entrepreneurship Initiatives at Eight Kauffman Campuses 
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SELECTING ASTRA TEGY 
A Three-Phase OFD Framework 
Quality Function Deployment can be used as a technique to develop a structured framework for planning and 
effectively implementing programs in entrepreneurship. The three-phase QFD process summarized' in Figure 1 can 
provide a structured, integrated approach to developing a Campus-wide program in Entrepreneurship would 
typically proceed in the following phases (Benjamin et al, 1997): 

.. J!I 
CD C 
-a CD 
oE 
.c ! 
J·s 
J!. CT 
0~ 

rofessiona 
Competencies 

Phase#1 
Planning -· ftl .!! 

C U 
0 C ·;;s 
• a, 
.! 0. e E 
Q. 0 

0 

ey ~now
ledgeAreas 

Phase#2 
Design · 

Fi~urel: The Integrated 3-Phase QFD Planning Methodology 

evelopmen 
Strategies• 

Phase #3 
Implementation 

♦ Phase #1: Planning- which identifies and prioritizes the professional .competencies best 
suited to achieve the stakeholder requirements; 

♦ Phase #2: Design - which identifies and prioritizes the key knowledge areas to be 
incorporated into the entrepreneurship program; 

♦ Phase #3: Implementation -whfoh identifies and prioritizes the development strategies 
to deliver the key knowledge areas; 

. In the case study from academia described in the following section, we illustrate the application of a modified 
single-phase QFD process to facilitate effective communication among stakeholder groups during the design and · 
development of a campus-wide initiative in Entrepreneurship. This approach can assist planners in academia by 
facilitating quick identification and prioritizing of the entrepreneurship development strategies which would best 
meet the needs of the stakeholders - administrators,faculty, students and the community. 

An Illustrative Case Study 
Figure 2 summarizes the modified one-phase QFD process that could be used to provide a rapid, structured, 
integrated approach to planning a new campus-wide entrepreneurship program. This process would typically' adopt 
the followingfive step procedure: 

Step #1 -Define the customer: The customers would be the university's stakeholders - administrators.faculty, 
students and the community. 
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Step #2 - Identify the critical needs of the customer and establish the importance of each need- the WHATs. This 
_information could be obtained via structured interviews with representatives of the various stakeholder groups to 
identify their needs and establish their relative importance. 

'heHO 
Entrepreneurship 

Strategies 

(I) 

I (I) -0 
-0 Cl) 

G) 

~I a, 
u z 

z · Mapping C .... 
~i as a, 

HOWs into WHATS ~ ~ i~ 0 
0 .c 

.c (Using 1-3-9 Scale) Q. ~ 
Cl) ~ E .! 
~~ - en -0 

Scores & Priorities 
for Entrepreneurship 

Strat ies 

Figure 2: Modified Single-phase QFD Framework for Planning a Campus-wide Entrepreneurship Program 

Step #3 - Identify relevant entrepreneurship strategies for the incorporation in the program - the HOWs: 
Brainstorming sessions can be used to facilitate identification of a shortlist of preferred strategies for incorporation 
in the program. These can be divided into four categories: tJndergrad1:13te, Graduate, Center/Institute, and Other. 

Step #4-Map the HOWs into the WHATs: The planning team can map the HOWs into the WHATs by assigning 
ratings on a 1-3-9 scale {I-weak; 3-medium; 9-strong) to indicate the relationship between each HOW and WHAT. 

Step #5 - Develop a House of Quality: A spreadsheet-based model can be constructed to facilitate computation of 
the row and column totals and the ranking of the strategies under consideration. 

The QFD process will lead to a prioritization of the entreprene~hip development strategies best suited to meet the 
needs of the various stakeholder groups. Examination of the House of Quality presented in Figure 3 will show that, 
in this case, development of an undergraduate major, establishment of a doctoral program, and launching a research-

. oriented Entrepreneurship Center have emerged as the top priorities. At the other extreme, the lowest priority should 
be accorded to developing a business incubator, initiating an Entrepreneur-in-Residence program, and offering 

· professional development courses. Sensitivity analysis can be conducted to examine the impact of minor changes in 
weights assigned to stakeholder needs and to the mapping used would have on the priority assigned to the strategies 
under consideration. As shown in Table 4, in the case used for illustration, the QFD framework is fairly robust with 
the highest and lowest ranked strategies remaining unchanged. 
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The HOWs - Entrepreneurship Development Strategies 
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ent 9 3 l 3 s· 
Operational 
Feasibili 3 
Outcomes 
Assessment ·1 

-3 9 3 1 3 5 
3 3 3 3 

Implementation 2 

. C. Students 
Career Develo ment 3 3 3 4 
Learnin 3 5 
Prestige 3 1 

Accessibili 3 3 
Services 9 2 
Economic 

3 3 Develo ment 1 

Absolute Score 72 24 21 48 27 26 33 18 18 12 3 9 7 3 321 

Relative Score % 22.4 7.5 6.5 15.0 8.4 8.1 10.3 5.6 5.6 3.7 0.9 2.8 2.2 0.9 100 

Rank 1 6 7 2 4 · 5 3 8 8 10 13 11 12 13 

Figure 3: House of Quality (HOQ) for Developing a Campus-wide Entrepreneurship Program · 
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Scenario #2 
Scenario #3 

The "HOWS" Scenario #1 
Equal 

Reduce Scenario #4 
Base Case weights 1-3-S Rating - Entrepreneurship Weights 

by 20o/'o 
Development 
Strategies - Score 

Rank 
Score 

Rank 
Score 

Rank 
Score 

Rank (%) (%) (%) (~) 

Undergraduate Major 22.4 1 17.2 1 22.4 1 19.0 1 

Doctoral Program 15.0 2 13.8 2 15.0 2 10.3 3 

Center - Research 10.3 3 9.2 4 10.3 3 12.1 2 

Masters Program 8.4 4 6.9 6 = 8.4 4 9.9 4 

Graduate Certificate 8.1 5 8.0 5 8.1 5 9.5 5 

Undergraduate Minor 7.5 6 5.7 9 7.5 6 8.8 6 

Undergraduate 
6.5 7 6.9 6 = 6.5 7 7.7 · 7 

Certificate 
Business Plan 

5.6 8 = 6.9 6 = 5.6 8 = 6.6 8 
Competition 

Center - Consulting 5.6 8 = 10.3 3 5.6 8 = 3.7 10 

Center - Executive 
3.7 10 4.6 10 3~7 10 4.4 9 

Proerams 
Prof.essional Develop-

2.8 11 3.4 11= 2.8 ll 3.3 11 
ment Proerams 
Entrepreneur-in-

2.2 12 2.3 . 13 2.2 12 2.6 12 
Residence 

Seminars 0.9 13 = 1.1 14 0.9 13 = 1.1 13 =. 

Business Incubator 0.9 13 = 3.4 11= 0.9 13 = 1.1 13 = 

Table 4: Sensitivity Analysis for Entrepreneurship Development Strategies 

CONCLUSION 
Researchers have confirmed that strong interest in entrepreneurship education exists in the USA (Solomon and 
Duffy, 2002; Zeithaml and Rice, 1987; Gorman and.Hanlon, 1997) and in other countries (Donckels, 1991; Jones 
and English, 2004). A constant them in the literature is ~e need to examine alternative strategies to be effective 
(Gartner and Vesper, 1994; Hills, 1988; McMullan and Long, 1997; Vesper and Gartner, 1997). Universities 

· seeking to select appropriate strategies for launching campus-wide entrepreneurship programs can benefit from the 
adoption of the systematic Quality Function Deployment planning framework outlined in this paper. This approach 
can facilitate coordination and communication of various stakeholder inputs and lead to the rapid identification of 
the appropriate mix of strategies to realize the campus objectives for entrepreneurship education. 
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INTEGRATING BUSINESS AND ENGINEERING CONSIDERATIONS IN NEW PRODUCT DEVELOPMENT 

Colin 0. Benjamin, Ronald Cutwright, Evan Anderson , Charla Johnson and Logii Pinion 
Florida A & M University 

ABSTRACT 
We review the role of Quality Function Deployment (QFD) in integrating Business and Engineering considerations 
in new product development. We illustrate the application of a QFD framework in incorporating customer 
requirements in the development of a new consumer product being designed for a new business venture. 

INTRODUCTION 
Successful development of new products invariably requires collaboration between a company's business and 
engineering functions to ensure that features incorporated in the product design will satisfy the needs of the 
customer while ensuring that revenue and profit targets are met. To arrive at consensus in a product development 
team, several collaborative tools and techniques have been deployed to facilitate collaboration and efficient 
managing of the information flows. Th~se include multi-criteria decision models (Benjamin, 2002), groupware 
(Monplaisir et al, 1997), and quality management tools (Goel and Singh, 2002). Quality Function Deployment 
(QFD) has proven to be one of the more effective techniques in furthering the ideals of concurrent engineering by 
enabling the integration of customer considerations in product design (Kusiak, 1993). · 

. In this paper, we review the role of Quality Function Deployment (QFD) in integrating business and engineering 
considerations in new product development. We illustrate the application of a QFD framework in incorporating 
customer requirements in the development of a new consumer product being designed by a multi-:functional team for 
a new business venture. 

NEW PRODUCT DEVELOPMENT 
Challenges 
·New product development invariably requires the deployment of multifunctional teams. The cognitive conflict 
generated by these teams can aid the product development process and can result in products that establish the 
optimal trade-off between the opposing objectives of the business and engineering members on the team. The 
business members often accord a high priority to marketing considerations and concerned with offering customers a 
wide range of products with a variety of features. Engineers often have a preference for developing products that 
can be manufactured efficiently while providing adequate func:tions. Managing the inevitable conflict on these 
cross-functional teams thus assumes critical importance if the product development process is to achieve its goals of 
yielding, in a timely manner, marketable products which meet the needs of the customers while confonning to 
engineering ideals of design for easy manufacturability and assembly thus resulting in profitable products. 

Managing the Design Team 
In today's ever-increasingly competitive global economy, product development teams can be distributed with 
mem~rs being located in different regions and countries and working in different time zones. This· often requires 
asynchronous decision-making and the development of effective modes of collaboration which must transcend the 
different cultures of team members. Effective management of design teams requires the careful selection of 
appropriate group processes and the deployment of enabling technologies to facilitate timely information exchange 
and timely decision-making. Efficient functioning of new product development teams also requires effective 
communication within the te~ and with external constituents. 

Enabling Technologies 
Several enabling technologies have been developed for use by new product development teams. These include 
Computer Aided Design (CAD) and Computer Aided Engineering (CAE) software, Rapid: Prototyping tools, Group 
Decision Support Systems (GDSSs), and the Access Grid technology. These will be discussed briefly in the 
following sections. 
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Computer Aided Design (CAD)/Computer Aided Engineering (CAE) 
CAD/CAE systems, mature technologies that have been widely utilized by design engineers, can serve as invaluable 
tools for intra-team communication in product development teams. Teams hav~ access to a wide-range of powerful 

. CAD/CAE software including:· 

■ AutoCAD.by Autodesk, Inc. is a suite of CAD software products for 2D and 3D design and drafting 
(http://usa.autodesk.com/). 

■ CA TIA (Computer~Aided Three-Dimensional Interactive Application) is a CAD/CAM/CAE commercial 
software product line developed by Dassault Systemes and marketed by IBM (http://www.3ds.com/products
solutions/p1m-solutions/catia/overview/) 

■ TurboCAD by. IMSI provides over 250 professional-level 2D and 3D design and drafting tools for solid and 
surface modeling (http://www.imsisoft.com/). 

■ Pro/Engineer by is widely regarded as the standard in 3D product design and modeling tools 
{http://www.ptc.com/appserver/mkt/productsD. 

Rapid Prototyping 
Rapid prototyping (RP) is a technology that allows engineers to fabricate a physical prototype of a new product from 
CAD drawings. Because product design is an iterative process, the CAD drawings can be readily modified in a · 
short amount of time -and new physical prototypes can be quickly evaluated. With RP, three-dimensional (3D) 
physical models incorporating product features proposed to meet anticipated customer requirements can be created 
quickly and used· as excellent visual aids. RP technology also facilitates consensus-building in a product 
development team seeking the seamless integration of business and engineering considerations in the product 
development process. · 

Group Decision Support Systems 
Group Decision Support Systems (GOSS) or Computer Supported Collaborative Work (CSCW) systems are 
software systems that are designed to facilitate communication and information sharing. GDSSs or groupware can 
facilitate intra-team and inter-team communication and collaboration by enabling the use of shared applications, 
access to corporate databases, real-time brainstorming, and consensus building. Empirical studies have shown that a 
GOSS with enhancements~ such as a neural network module for preference aggregation, can improve the 
p~oductivity.ofteams evaluating alternative manufacturing sy~tem design configurations (Monplaisir et al, 1999) 

_ A software survey by Capterra (2005), the enterprise software center, lists 37 commercially available groupware 
. products. Of particular relevance to new product development teams are products such as: 

■ Archangelis's Synchro Files which provides a·centralized groupware platform for sharing files remotely 
between clients, collaborators, free-lance workers and sub-contractors 

• IBM - Lotus Notes Groupware that includes Domino and Internet-based e-mail, calendar of appointments, 
personal contacts, etc. 

■ Open Text - Live/ink Enterprise Suite software that delivers dynamic collaboration and knowledge sharing 
between individuals, teams and organiz.ations. 

Access Grid (AG) . . 
The AG technology, developed by the Futures Laboratory at Argonne National Laboratory, is deployed by the 
National Center for SuperComputing Applications (NCSA) Partnerships for Advanced Computational Infrastructure 
(PACI) Alliance (Binns et al., 2000). The Access Grid supports group-to-group communication via high-speed 
networking (such as Internet 2's Abilene network) over the Web. It provides high quality audio and real-time video 
to provide human interaction at multiple sites at any location in the world. Collaborations may range from small ad 
hoc meetings of a few people at a handful of sites to meetings across many sites in different locations and time zones 
with prepared presentations and shared visualizations of large and complex simulations or data mining searches. 

The Access Grid's integrated environment can display images of meeting participants as windows projected onto a 
large screen. Additionally, data windows from participants' personal or laptop computers can be integrated into the 
meeting ( e.g. display images, movies, presentations, spreadsheets). This provides a group of participants the ability 
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to see and hear each other, simultaneously display live video streams, share work documents and complex scientific 
. images in real time. This environment affords an opportunity for members of new product development teams to 

collaborate without the inconvenience of having to travel to meetings or conferences. 

QUALITY FUNCTION DEPLOYMENT 
An Overview 
Quality Function Deployment (QFD) (Bossert, 1991) first developed and applied by the Japanese in the early 1970's 
helps multi-functionalteams identify and prioritize customer requirements and relate these needs to corresponding 
product or service characteristics. Over the years, QFD has attracted attention from a wide rcmge of progressive 
industrial organizations in the USA including Ford Motor Company, General Motors, Rockwell International, 
AT&T, DEC, Hewlett-Packard, and Polaroid (Schubert, 1989), and has been used mainly in the area of product 
development and improvement. .Recently, QFD has been used to facilitate planning in areas such as planning 
process improvement projects (Benjamin et al, 1996), planning for technology transfer on information technology 
projects (Khawaja and Benjamin, 1996), business planning in small companies (Ferren· and Ferrell, 1994 ), 
manufacturing strategic planning (Crowe and Cheng, 1996), and strategic planning for service improvement projects 
(Maddux et al, 1991 ). QFD is best implemented as a multi-phase process as this approach offers the greatest 
potential for realizing significant benefits. Here a series of matrices link relationships and provide a graphical 
summary of the process. · 

OFD Software 
Product development teams have access to a range of software tools to facilitate intra-group collaboration using the 

· QFD framework. As shown in Table 1, software vendors in the USA, England and Germany offer QFD software 
with similar capabilities with prices ranging from a high of $1600 for QFD Capture Professional to a low of $295 
for the DRM Associates product. All products run on the Windows operating system and have features for multi
phase QFD, integration with other software, and good graphics capability. One of the industry leaders is 
QFDCapture which is user-friendly and allows a multitude of different features. Using its four-phase process, users 
are able to develop customer surveys, market opportunity maps, web publishing, and relationship trees. This 

. software is truly geared at identifying the "voice of the customer." 

Applications in Academia 
Recently, we have seen several attempts to utilize QFD to provide a Structured approach for planning in academia in 
areas such as developing laboratories for Computer Integrated Manufacturing (Benjamin et al, 1994 ), revising 
mechanical engineering curriculum (Ermer, 1995), research planning (Chen and Bullington, 1993), course design 
(Burgar, 1994), planning enhancements to computer laboratories (Benjamin et al, 1997), improving the quality of 
teaching (Lam and Zhao, 1998), and reviewing academic programs (Pitman, 1995). These applications all confirm 
the potential of QFD to facilitate effective communication, timely information transformation, and efficient resource 
utilization. In the following section, we describe a case study in which QFD provides a framewo* for integrating 
business and engineering decisions in a multi-disciplinary student team tasked with the development of a new 
product with tight time and resource constraints. · 

A CASE STUDY 
Case Scenario 
A start-up company in North Florida is seeking to develop a musical holster accessory that would combine versatility 
with modem technology to provide an overall unparalleled experience for infants. The product incorporates an MP3 
player complete with navigation tools into an accessory for the. common baby bottle. The company anticipates that, 
when fully developed, the new product will be truly superior, providing the capability of playing soothing music, 
voice recordings, or other familiar sounds to newborns, infants, ~d toddlers in a variety of settings. 
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Vendor URL Country Products Price 
System 

Requirements 

International 
TechneGroup WWW. USA QFDCapture $1,600 Windows NT 
Incorporated qfdcapture. Professional WindowsXP 

Capture Software com Edition Windows 2000 

5303 Dupont Circle 
$4,000 per Windows98 

QFDCapture concurrent Windows 
Milford, OH 45150 

Network floating NT/2000 
Phone: 1-800-783-9199 Edition license 

Fax:513-576-3994 

QFD/Capture Windows 
NOWECO . WWW. Germany Professional, $4,000 95/98/2000 

Northwest Controlling noweco. Network WinNT 
. Corporation Ltd. com/qfde.htm 

QFDCapture Windows 

Sonnemannstrasse 49, ·Ph: +49/69/ 
Professional $1,600 95/98/2009 

60314 Frankfurt ani 21995271 
Edition WinNT 

Main, Germany Decision Windows 
Fax: +49/69/ Capture $800 95/98/2000 
21995272 Standard Win NT 

Decision 
Windows 

$400· 95/98/2000 . 
Capture Basic 

WinNT 

Total Quality Software www.gfd2000. England QFD2000 · 

22 Hawksdale Close 
co.uk 

Grantham Lincolnshire, 
England NG31 8EG 

Phone: +44(0)146 574299 
Fax: +44(0)1476 594056 

IDEACore 
USA QFD Designer $1250 

725 S. Adams Road 
. WWW. 

Suite L-70 Birmingham, 
ideacore.com v4.0 

MI48009 

Phone:248-433-3380 
Fax: 248-433-3384 

AS I-American 
Supplier Institute www.asiusa USA QFD Designer .. 

Phone:800-462-4500 com 
Fax:734-464-1395 

DRM Associates USA $295 Excel 97 
, Phone: 310-377-5969 

Table 1. Sample of Commercially available QFD Software 

OFD Framework 
The Quality Function Deployment Chart (QFD) is a tool used by engineers, during the design and development 
stages ofa new product, to better satisfy customer needs (Bossert, 1991). The QFD, in this case scenario, 
accomplishes this goal by organizing and displaying crucial data for a new musical holster accessory. The 

236 



Proceedings of the 2007 IEMS Conference 

information in the QFD chart is organized in such a way that it highlights relationships between the customer's 
demands and quality characteristics of the product (Monplaisir and Salhieh, 2002). The QFD is a great asset to the 
product development because it assists engineers in identifying key features to be considered during the design of a 
product. 

The steps adopted in the first phase of this QFD process for planning course development were as follows: 
Step # 1- Define the customer: In this case, the customers were the consumers identified by the team's market 
research who would be most interested in buying the product. In this case, the primary customers would be busy 
working professionals with infants. 

Step #2-Identify the customer wants - the WHATs, and establish their importance. An online consumer survey was 
conducted to gauge general co~sumer interest in the product. This was followed by a focus group of potential 
customers to obtain additional feedback to guide product development. 

Step #3- Identify the technical features to could be incorporated into the product - the HOWs. After an examination 
of competing products on the market, the team used brainstorming sessions to identify a list of eleven product 
features and functions for incorporati?n into the final product. 

Step #4-Map the HOWs into the WHATs: The engineers on the product development team mapped the HOWs into 
the WHA Ts by assigning ratings on a 1-3-9 scale (1 - weak; 3 - medium; 9 - strong;) to indicate the relationship 

- between each HOW and WHAT. 

Step #5 - Develop a House o/Quality (HOQ) -The product development team constructed a spreadsheet-based 
model of the HOQ. This facil_itated computation of the row and column totals and the ranking of the features and 
functions under consideration for incorporation in the final product. The following formulas were used: 

For C~lumn j, 

n 
Absolute Score = .L w ;Cy·• 

z=l 

where ; = row number 
n = total number of rows/WHA Ts 

w; = weight assigned to the WHAT in Row i 
ciJ = rating assigned when mapping Row i and Column j 

[
Absolute Score] 

Relative Score (°/4) = ----- x 100 
Total Score 

Step #6 - Conduct sensitivity analysis to assess the robustness of the model. 

(1) 

(2) 

The product development team varied the weights assigned to the customer wants and the rating scheme for 
mapping the HOWs into the WHATs to determine the impact of these changes on the ranking of the product features. 

Step #7 - Interpret results and provide recommendations 
_ The results were analyzed and used by the team to arrive at a comensus on follow-up actions required to finaliz.e the 

product design. 

The HOQ developed is shown in Figure l and the results of the sensitivity analysis are summarized in Table 2. 
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Figure 1: House of Quality (HOQ) for Musical Holster Accessory 

Results 
The HOQ developed in Figure · 1 shows that the highest ranked features and functions were the choice of material 
and shape. The choice of material is a very important consideration because it is strongly related with customer 
demands such as the price and total weight of the product. The shape of the musical holster accessory was ranked 
the second most important characteristic. The shape needs to be carefully considered because the QFD analysis 
shows that shape has a strong relationship with grip and aesthetic appeal. The results of the sensitivity analysis 
summarized in Table 2 show Choice of Material and Shape remain the highest ranked features in all scenarios 
investigated. · 
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Scenario #2 
Scenario #3 

Scenario #1 Reduce Scenario #4 
Base Case Equal weights 1-3-S Rating The "HOWS" Weights by20% 

- Design Features -
Score 

Rank 
Score 

Rank 
Score Rank 

Score 
Rank 

(%) (%) (%) (%) 

Material Choice 30.4% i . 27.3% 1 30.4 l 29.2 l 

Shape_ 13.4% 2 15.6% 2 13.4 2 14.8 2 

Shipping Cost 10.0% 3 = 5.8% r 10 3= 8.8 3 = 

Separate Electronics 
10.0% 3 = 5.8% r 10 3 = 8.8 3 = 

from Liquid 

Software 9.0% 5 5.8% r 9 5 8 5 

Speaker Location 6:7% 6 9.7% 3 6.7 6 7.8 6 

Stable Weight 
6.3% 7 7.8% 4 = 6.3 7 1.2 · 7 

Distribution 

Speaker Choice 5.3% 8 7.8% 4 = 5.3 8 5.7 8 

Memory Capacity 5.1% 9 6.5% 6 5.1 9 5.3 9 

Heat Transfer 
2.00/o 10 5.8% r 2 10 1.8 11 

Coefficient 

Colors 1.7% 11 1.9% 11 1.7 11 2.7 10 

Table 2: Sensitivity Analysis for Musical Holster Accessory 

After considering both the intended function of the product and the expected environment in which it was going to 
be used members of the Design Team selected polypropylene as the material most appropriate for the design of the 
musical holster accessory. The raw material costs and manufacturing processes associated with this design will 
provide high dimensional accuracy and high production rates. Polypropylene has ideal mechanical properties, 
thermal conductivity and flexural strength. This material will ensure that the musical holster accessory is a product 
that is very durable, light-weight and safe. Table 3 provides a summary comparison of three cominon polymers 
considered for use in the final product. 

Transition Thermal 
Type Price Temperature Conductivity Flexural StrenKth Flexural Modulus 

$/lb T2 I Tm Low I Hi2h Low Hi2h Low Hi2h 
Mpa ksi Mpa ksi Gpa ksi Gpa ksi 

Polyethylene, 
Low density 0.41 -90. 120 0.34 41 5.8 41 5.8 0.24 35 0.73 105 

Polyethylene, 
High density 0.39 -30 135 0.46 0.5 35 5 49 7 1.01 145 1.57 225 
Polypropylene 0.28 -20 165 0.12 0.2 42 6 S6 8 1.19 170 1.7S 2S0 

Table 3: Comparison of Polymers 
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The product development selected injection molding to manufacture the product (Kalpakjian and Schmid, 2001). In 
this process polypropylene pellets will .be fed into a cylinder where they will be compressed by a hydraulic screw. 
Then heat is added to the system and the pellets transition into a molten consist~ncy. The pressurized, molten 
material is then injected into a mold cavity in a single shot where it takes on the geometric structure of the ·mold. 
· Injection molding is the ideal manufacturing process· for this application because it is associated with high production 
rates at low costs, high dimensional accuracy and is capable of making parts with complex shapes. · 

In order to visually display the final design, the product devel~pment team used professional engineering software 
and a rapid prototyping machine to construct a full-scale model. Rapid prototyping uses free-form fabrication in 
which an actual solid replica of a computer generated design is developed. A distinct advantage of hav~g an actual 
prototype of the product is that business members of the team were able to better visualize the product and provide 
invaluable feedback to· the engineering team members. Modifications to improve the product were made at nearly 
every step of the design process, but being able to hold a physical mod_el of the product enabled the product 
development team members to have a more accurate assessment of the product's functionality. Most of the 
troubleshooting took place after analyzing the prototype~ After all changes were made to the initial prototype, an 
improved version was pro_du_ced, thus yielding a superb final product, ready for production 

DISCUSSION AND CONCLUSION 
QFD has proven to be an effective tool in managing product/service development in manufacturing industry, in 
software development, in service industries and 4t academia. This paper illustrates its application in new product • · 
development to provide a powerful framework for enhancing effective ·communication between the business and 
engineering members on the product development team. This makes the technique attractive for adoption as a 
planning tool to enhance the multi-criteria group decision-making process required in technology commercialization 
projects. In this case study, the team used a simple spreadsheet-based QFD model. However, product development 
teams gave access to a wide range of software to facilitate the adoption of the QFD process. In academia, it can 
serve ~ a good vehicle for integrating the different perspectives provided by students with varied professional 
interests working on business planning teams. Its effectiveness can be enhanced through the use of groupware to 
encourage broader stakeholder participation, to facilitate consensus building and ensure timely decision-making. 
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MANAGING LEGAL RlsKS IN THE CREATION OF NEW TECHNOLOGY-BASED VENTURES 

Colin 0. Benjamin, Brandi Twiggs, Richard Wright ~d Rose Glee 
Florida A&M University 

ABSTRACT 
We develop a framework to facilitate the identification of the legal risks associated with new technology-based 
business ventures seeking to exploit a patented invention. We classify the risk factors associated with the Idea, 
Protection, and Enforcement phases of the patent life-cycle and propose strategies for risk mitigation. _We illustrate 
the robustness of this approach via case studies drawn from companies in the Pharmaceutical, Communications, 
Biotechnology, and Information Technology sectors. 

· INTRODUCTION 
Protection of intellectual property (IP), patents, copyrights, and trademarks, is a major concern in today's business 
environment (Field, 2006). A firm's IP can be at the_ core of its competitive advantage in many fast paced sectors 
such as information technology, communications, pharmaceuticals, and biotechnology, which are greatly affected by 
innovation and changes in technolqgy. Thus, the intellectual property created by companies in these industtjes is 
vigorously protected to prevent competitors from profiting from the hard work, investment, and, R & D costs of the 
firm holding the IP rights. 

Although IP laws were designed to encourage the pursuit and disclosure of innovation into the public 
domain for the common good, many believe these laws have now been twisted to protect the profits of the rich and 
powerful of the world (Wikipedia, 2006). For this reason IP has been known as '1ools of monopolists" (Field, 2006). 
Yet, these monopolistic attitudes and motivations have spurred the discovery of many great works and innovations, 
which most likely would not have occurred if there was not some expected profit to be gained (Field, 2006). IP laws 
help to guarantee these profits by governing the use of the associated patent, copyright, or trademark. Still many 
professionals feel that current intellectual property laws allow only the largest of companies the opportunity to 
enforce these patents, copyrights, and trademarks, because of the cost and time required. Many inventors, writers, 
artists, and producers sell their work to companies that ~ave the money and power not only to protect but also to 
enforce their sole ownership and rights to the use of the IP. 

In this paper, we develop a framework to facilitate the identification of the legal risks associated with new 
technology-based business ventures seeking to exploit a patented invention. We classify the risk factors associated 

· with the Idea, Protection, and Enforcement phases of the patent life-cycle and propose strategies for risk mitigation. 
· We illustrate the robustness of this approach via case studies drawn from companies in the Pharmaceutical, 
Communications, Biotechnology, and Information Technology sectors. 

LITERATURE REVIEW 
The technology commercialization literature discusses the many issues involved in patenting and transferring 
technologies developed by universities, protecting intellectual property rights in general, and the legal issues 
involved in transferring technology. Monotti (2003) discussed the main contentious legal issues that arise in 
securing the protection and commercial exploitation of inventions that arise from university based research. Her 
paper explores how universities can exploit their IP while retaining openness, integrity and objectivity in university 
research. The paper reviews the areas of owners)lip, academic inventors, role and effects of agreements, secrecy, and 
policies to deal with financial conflicts of interest. The author recognires several areas of conflict and advocates a 
balance between the interests of inventors and those of the public. Slowinski et al, (2006) review the legal and non
legal methods used by companies to protect intellectual property information from unintended use. Legal methods 
include crafting a series of agreements and linking the agreements to the activities of the collaboration. Non-legal 
methods include ensuring that employees in collaborating firms understand what information must be shared with 
the partner, may be shared with the partner and must never be shared with the partner. Berman (1994) discusses 
several legal issues in technology transfer including the financial and staffing obligations of each party, timely 
reporting of inventions, sharing of intellectual property rights, filing of patent applications, sharing of royalties, the 
granting of commercialization licenses to third parties, access and ownership of research results and data, protection 
of proprietary data, publication rights, dispute settlement, and contract termination. 
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The areas of concern identified by these authors provide a basis for developing taxonomy of risk factors encountered 
when managing intellectual property. These include timely reporting of inventions, sharing of intellectual property 
rights, patent applications, sharing royalties, legal and non-legal methods of protecting intellectual property, 
ownership, academic inventors, and universities and government funding. However, this paper focuses on the legal 
considerations that should be evaluated when commercializing a patented invention as the patent proceeds through 
the phases of the patent life-cycle - Idea, Protection, and Enforcement. 

RISK ANALYSIS FRAMEWORK 
Patent Phases 
Idea Phase: Legal Considerations 
In the idea phase, after the concept for an invention has been created, ownership of the invention is granted in the 
USA to the person who first th<;>ught of the concept, not to the individual who first patented it. (Besen, 1991) For this 
reason documentation is the first legal consideration and risk of an invention. An inventor should accurately and 
thoroughly document each breakthrough of the invention. The next legal consideration is the thorough research' and 
discovery of published works in the area of the invention (Field, 200 I). Early documentation of the idea and 
thorough research and discovery of the subject area are necessary. This action will assist in ensuring the validity of 
the patent and increasing the likelihood that a patent will be awarded. In the United States a patent can be challenged 
•in court, revoked, and then transferred to another party who can prove that they documented the idea first. 
Institutions can incur the costs of patenting and then defending their patent in court, only to haye their ownership 
rights taken away. 

Patent Protection Phase: Legal Considerations 
During the protection or patenting phase of inventing many legal considerations come in to play such as, the source 
of the funds that were used to finance the invention, ownership or inventor-ship, co-inventors, and status of 
inventors, contractual issues at work during the invention process such as Inter-Institutional Agreements, or 
employee contracts. If these issues are overlooked, the results could rang~ from invalid patents that will be disputed 
in court and overturned to misunderstandings of ownership and inventor-ship which could lead to larger problems . 
when.the technology is transferred or put to use (Egolf, 2006.) · · 

The source of funds is an important thitig to consider before _patenting because certain grants and employee contracts 
state that any and all works created as a result are the property of the institution funding or employing the inventor. 
It is also very important to have a good understanding of who actually invented the technology, because if someone 
who was merely present during its creation patents the product, that patent could be disputed in court and the that 
person's ownership rights could be terminated. 

The inventor's status or position in an institution influences the rights of the inventor. For instance a university 
professor or student who invents or discovers a new technology while in service to the university is not the owner of 
that product, because the employment contract of professors and students working for universities usually specifies 
that any works created during service with the university will be jointly or wholly owned by the university. An Inter
Institutional Contract is another legal consideration that could affect professor and student inventors. If a student or 
professor is working jointly with another university, research center, or corporation to create a new technology the 
inter-institutional agreement between these entities determines the owners of the technology. · 

Other major risks encountered in this phase· are the originality of the invention, the lack of a thorough discovery 
process being performed by the U. S. Patent and Trademark Office, and the complexity of the product design. The 
originality of the invention would be evident at this point because the institution.would have performed its own 
discovery process in the Idea Phase and would now be aware of similar previous patents, which could be used as a 
basis for challenging the firm's patents. The lack ofa thorough patent search performed by the U.S. Patent and 
Trademark Office is a risk because if the patent office fails to adequately search for similar or identical patents the 
finn's patent could be challenged later if one is found. Finally the complexity of the product design presents another 
risk factor because the more complex the product or invention is the longer a trial or reexamination of the patent will 
take. A company that overlooks these risks factors may incur costly litigation and the ensuing lost sales caused by 
patent disputes. Again, these risks could be mitigated through early documentation, publication, and timing of the 
idea or invention; and a thorough search process. 
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Patent Enforcement Phase: Legal Considerations 
The enforcement phase occurs after the ·invention has been patented and the ownership rights are protected by law. 
Some of the legal considerations in this phase are infringement, co-infringeme~t, litigation, University Technology 
Transfer Litigation, and Compulsory Licensing. Patent Infringement occurs when someone utilizes the invention or 

· technology behind an invention without the direct pennission of the patent holder. (Rein, 1996). University 
Technology Transfer Litigation occurs when technology transfers agreements with universities have been violated, 
whether it is through the use of the technology by the party it,was transferred to, the pricing policy of that party, or 
the level of compensation or royalties provided to the university. The university usually sues said party for the 
violation of the agreement. Litigation of any sort can be very costly in a patent dispute when the complexities of the 
technology in question must be thoroughly examined. The time and money needed to try such a case can become 
very costly to the individuals or businesses involved in the suit. · 

Compulsory Licensing is a legal consideration that could have huge ll)lplications on the use of a particular 
technology. Compulsory Licensing is when the government forces the holder of an Intellectual Property to grant 
them use of it. In exchange the holder may receive some royalties that are either determined by law or settled on 
through arbitration. The patent holder is likely to los~ money if such licensing occurs as he/she could probably . 
receive a larger profit if companies are forced to compete for the exclusive use of the invention. However granting 
the government use of the technology may benefit society as a whole. For instance the government could request 
compulsory licensing on an AIDS drug patent in order provide affordable ·prescriptions to HIV/ AIDS patients. · 

It is difficult to prevent the causes of patent litigaµon. Since patents are public record once filed, competing firms . · 
could look up the initial formula, to help assist in manufacturing their version of the inventi'on. For this reason many 
patent holders refrain from fully disclosing the formula needed to manufacture their invention. However, this is to 
the detriment of society as a whole. Other risks associated with this phase are the size of the company, international 
product sales, complexity of product design, and demand of product. The size of the company poses a risk because 
the smaller a company's financial resources, the more difficult it will be to defend its patents in costly patent 
infringement cases. International product sales are a risk because it makes the product more vulnerable to 
infringement in countries that do not acknowledge certain types of patents or have looser patent laws. For instance 
drug patents in most third world countries are extremely regulated or difficult to receive; because the governments 
of these countries feel these drugs must be widely and cheaply available to all people in need of them. The . 
coniplexity of product design is again a risk in this phase. The more complex the product or invention is the longer a 
trial or reexamination of tlie patent will take. Lastly the more in demand a product is, the more likely your patent 
will be challenged in litigation. The best way to deal with the legal considerations and risks of the enforcement and 

. technology transfer phase is to be aware of the risks and prepared to handle them. 

Risk Factors 
As ·shown in Figure 1, we classify the risk factors associated with the Idea, Protection, and Enforcement phases of 
the patent life-cycle. . 

Risk Mitigation Strategies . 
Legal risks considerations can be mitigated simply.by having prior knowledge of their existence or likelihood of 
occurring so that contracts and agreements can be put in place to regulate the use of a technology before it is 
invented, or protect the ownership rights of employee inventors. Table 1 lists the several risk factors encountered in . 
each phase of the patent life cycle and Table 2 summarizes the strategies available to mitigate these risk factors. · 
These will be illustrated in the case scenarios discussed in the following section. · 
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Figure 1: Risk Factors in Commercializing New Patents 
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Table 1: Risk Factors associated with the Patent Life-cycle 

RISK FACTORS 

Speed of Little time spent on discovery Contractual 
Documentation prior to patenting Agreements 

Originality of Little time spent on discovery Complexity of 
Invention at Patent Office Product 

Size of 
International Product Sales 

Complexity of 
Company Design 
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Table 2: Strategies used to mitigate the Risks Factors of each Phase 

PHASES RISK MITIGATION STRATEGIES 

Thorough and early 
Prior knowledge of contractua_l Thorough Discovery 

Idea Phase Documentation of Idea 
agreements affecting the (research of similar · 
invention and its patents ideas) ---

Protection Phase 
Thorough Discovery 

Prior Publications of Idea 
(research of similar patents) 

Enforcement 
International Patents 

Be financially prepared to 
Phase defend patents in Litigation 

CASE SCENARIOS 
Overview 
This section examines real life patent disputes using the framework in Figure 1 to identify the legal considerations 
and risks of the idea phase, the protection phase, and the patent enforcement phase that were present in each case, 
and discuss strategies that may J:}ave been used to mitigate those risks. · 

Case Study #1 - Pfizer (Pharmaceutical Industry) (Hoovers.com, 2006; PatentBaristas.com, 2005) 
One of Pfizer's five patents on Lipitor that was not set to expire until June 2011 was re-examined and found invalid 
in a court of law. This ruling will now allow the 'patent protection on the drug to lapse a year earlier than expected. 
Lipitor was the world's top-selling drug in August of2006 and sales were expected to grow to $14.2 billion in 2007. 
For Pfizer losing patent protection on Lipitor would mean a loss of$8.6 billion in projected revenues 
(CNNMoney.com, 2005). Two other patents were recently being reviewed by a Delaware court. The first was set to 
expire in 2010 while the second patent 995 was set to expire in 2011 (Forbes.com, 2006). Indian generic drug 
maker Ranbaxy Laboratories took Pfizer to court to challenge these two patents in order to gain the right to sell its 
generic form of Lipitor. The trial resulted in patent 995 being revoked effectively shaving one year off the patented 
life ofLipitor. The Public Patent Foundation stated that "Revoking Pfizer's patent is a critical step towards providing 
American consumers with access to atorvastatin, Lipitor' s active ingredient, at a fair price, which will not only 
provide substantial economic benefit, but will also improve public health, as even Pfizer admits that many 
Americ~ in need of the drug are not getting it." (PUBAT, 2005). Both patents were revoked because they seemed 
to be too similar to a drug formula previously patented. In fact, in one case the U.S. Patent Office stated that the 
patent should have never been granted. In Table 3 below we see the risks of patenting an invention as they occur in 
each phase. As you can see in the first phase, the Idea Phase, spending little time on discovery is one of the risks 

· highlighted .. If Pfizer or the U.S. Patent and Trademark Office had been more thorough during the discovery 
process, the pate~ts probably would never have been requested or granted. 

Table 3: Risk Factors found in Pf"t.zer Case 

PHASES RISK FACTORS 

Idea Phase 
Speed of Little time spent on Contractual 
Documentation discovery prior to patenting Agreements 

Protection Phase 
Originality of Little time spent on Complexity of Contractual 
Invention discovery at Patent Office Product Design Agreements 

Enforcement Phase Size of Company International Product Sales 
Complexity of Demand of 
Product Design Product 

Case Study #2: RIM (Blackberry) (Information Technology/Communications Industry) 
In 2001 NTP, Inc. sued RIM (Research In Motion, Ltd) for patent infringement on nine wireless e-mail patents 
related to RIM's Blackberry device. A Virginia District Court Judge, Judge Spencer ruled in favor ofNTP in 2003, 
instructing RIM to halt its sales of Blackberry devices and services in the United States until NTP's patents run out 
in 2012. However he stayed the ruling pending an appeal. But years later there have been several appeals and no 
resolution. So in November 2005 Judge Spencer denied a request from RIM to again stay an injunction that would 
shut down Blackberry's service, pending the patent office's decision (Nobel, 2006). Judge Spencer felt the patent 
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office's decision could take years, regardless of their claims in February 2006 that they were ''poised to finally reject 
all patents at the heart of the case", since they had been reexamining those patents since 2001. Judge Spencer also 
denied the request in order to pressure RIM to settle with NTP under the threat of a Blackberry shutdown. Even 
though RIM announced in February 2006 that they had developed a workaround to avoid using NTP's software, 
consumers were not convinced the workaround would work or that it would be ready in time. So on March 3, 2006 
~ settled for 612.5 million in a full and final settlement of all claims (MSNBC.com, 2006), (Stoughton, 2006; 
Waxer, 2005). 

In this case,, RIM's patents were being challenged by a company who stated that they held similar if not identical 
patents to the Blackberry device's emailing technology. So one could deduce that RIM had not spent enough time on 
discovery before patenting the device. However the news that the patent office is ready to reject all ofNTP's patents 
on Blackberry technology lead$ us to believe this was not the case. NTP it seems was wrong, RIM may not have 
been using their technology, in which case RIM settled for no reason. In this case, risks such as Originality of 
Invention, Complexity of Product Design, International Product Sales, and Demand of Product, came into play. For 
instance RIM obviously did not have a completely original invention or NTP could have never challenged them, the 
product design was complex causing the reexamination and trial to drag on and on, RIM, a Canadian company sold 
its products in the U.S. and the product was in high demand making it a target for firms very interested in entering 
'the business sector. Still why would NTP go through all the trouble of suing RIM if its claims were unfounded, this 
again could go back to complexity of design, NTP probably did think RIM, was infringing on ~eir patents. The best 
strategy to mitigate this type of occurrence is to simply be prepared to litigate to protect your patents when they have 
these risks associated with them. 

Table 4: Risk Factors found in RIM (Blackberry) Case 

PHASE RISK FACTORS 

Idea Phase 
Speed of Little time spent on discoyery Contractual 
Documentation prior to patenting Agreements 

Protection Phase 
Originality of Little time spent on discovery Complexity of Contractual 
Invention at Patent Office Product Design Agreements 

Enforcement Phase Size of Company International Product Sales 
Complexity of Demand/or 
Product Design Product 

Case Study #3: ImClone (Biotecb Industry) Hoovers.com, _2006). 
In September ImClone Systems and Aventis Pharmaceuticals, a company best known for the insider-trading scandal 
that sent founder Samuel Waksal and Martha Stewart to prison, loss the patent on its cancer drug Erbitux in a trial 
with Yeda Research & Development, Co, a company representing the Weizmann Institute. The courts found that the 
drug was actually invented by three Israeli scientists; Professor Michael Sela, Dr. Esther Aboud~Pirak and Dr. Esther 
Hurwitz. These scientists were said to have invented the drug in the late· 1980s, while at the Weizmann Institute of 
Science in Rehobot, Israel (Forbes.com, 2006). ImClone argued tQat their inventors- had "created two monoclonal 
antibodies for use as research tools and gave samples of the antibodies to the Weizmann scientists~ The Weizmann 
scientists performed experiments with the antibodies and discovered that when one of the two antibodies, known as 
mAb 108, was administered in vivo in a mixture with chemotherapy drugs, the effect on human tumor cells was 
synergistic." (PatentBaristas.com, 2006). During prosecution, the US PTO expressed concern that the patent 
application seemed to be drawn directly from work done by the Weizmann scientists. The defendants overcame this 
objection by suggesting that they had entirely conceived of the research conducted by the Weizmann scientists, who 
had simply followed their directions as to what experiments to perform. In the end ImClone lost the trial because of 
a lack of documentation of the idea and invention prior to patenting. 

This case illustrates the importance of documenting each stage in an invention, because at any point in the patent 
lifecycle, the invention could be challenged. If ImClone did in fact have legitimate claim to the patent, then simply 
documenting the invention process thoroughly would have saved them a lot of money. Contractual agreements also 
came in to play here iflmClone's inventors did in fact work with the Weizmann scientists to discover the cancer 
fighting properties of the drug. The contractual agreements allowing the Weizmann scientists to use ImClone's 
technology should have stipulated that the result of the collaboration would be ImClone's to patent. So the best 
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strategies to mitigate the risks involved in this case, would have been the thorough and early documentation of the 
idea and prior knowledge of all contractual agreements affecting the invention and patents. 

Table S: Risk Factors found in ImClone Case 

PHASE RISK FACTORS 

Speed of Little time spent on Contractual ~-· 
Idea Phase Documentation discovery prior to patenting Agreements 

Protection Phase 
Originality of Little time spent on Complexity of Contractual 
Invention discovery at Patent Office Product Design Agreements 

Enforcement Phase Size of Company International Product Sales 
Complexity of Demand for 
Product.Design Product 

Case #4: IBM (Information Technology) 
IBM Corp. is suing Amazon.com for alleged infringement of five IBM patents that enable the presentation of 
applications in an interactive service, the storage of data in an interactive network, the presentation of advertising in 
an interactive service and the ord~ring of items from an electronic catalog (Dilworth, 2006). The outcome of this suit 
is expected to have a considerable effect on Amazon as the functions these patent cover are at the core of Amazon's 
business and critical to its success. IBM states that since 2002, it has repeatedly attempted to negotiate with Amazon 
in order to license the technologies to them for royalties but negotiations have proved unsuccessful (Forbes.~9m, 
2006). Ronald Mann, professor at the School oft.aw at the University .of Texas, stated in (Forbes.com, 2006), ''that 
if a company can prove that the same product was in use prior to the issuance of a U.S. patent, then the current 
patent is void. But in this case, when dealing with Internet retail, a business barely in its teens, it's unlikely the 
patents were in use before Amazon.com was established." The most viable defense Amazon.com has against lBM 
would be somehow to disprove the validity of the computer company's patents, quite a difficult proposition 
(Forbes.com, 2006). This case is currently at trial in U.S. District Court in the Eastern District of Texas 
(Hoovers.com, 2006; Forbes.com, 2006). 

IBM is a large company, whose innovative products are complex in nature, internationally sold, and in high .demand. 
Their products are likely to have many of the risks associated with the Enforcement Phase of patenting. This is the 
phase in which technology transfer agreements are made and infringement is possible. These risk factors contributed 
to the likelihood of IBM patents being infringed upon. IBM was aware of the risk, actively looked for possible 
infringements, and was prepared to litigate in the case of infringement. Assuming IBM has done a good job 

-preparing itself for this phase by thoroughly documenting the creation of this technology and searching out prior 
· patents in the Idea Phase and IBM holds a valid patent on the product, it is likely that they will win the suit. 

Table 6: Risk Factors found in Case #4: IBM 

PHASE RISK FACTORS 

Idea Phase 
Speed of Time spent on Patent Contractual 
Documentation Search prior to patenting Agreements 

Protection Phase 
Originality of Time spent on Patent Complexity of c ·ontractual 
Invention Search at Patent Office Product Design Agreements 

Enforcement Phase 
Size of International Product Complexity of Demand/or 
Company Sales Product Design Product 

DISCUSSION AND CONCLUSION 
Companies engaged in inventing, patenting, enforcing a patent, and preparing a patented technology for transfer, 
have many legal risks to consider. Some of the legal considerations and risks include; Speed of Documentation, time 
spent on discovery prior to patenting, Contractual Agreements, Complexity of Product Design, Demand of Product, 
International Product Sales, Size of Company, and Originality of Invention. Some of the strategies used to mitigate 
those risks mentioned were thorough and early documentation of Idea, prior knowledge of contractual agreements 
affecting the invention and its patents, thorough discovery, and prior publications of the idea. Applying for 
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international patents is another good strategy to mitigate patent enforcement risks. Even if a product is not sold 
internationally, the risks caused by lack of international consistency in intellectual property law could result in some 
firm in another country reverse engineering the product and manufacturing and marketing it overseas for a profit. 

Figure 2 provides a framework for use by organizations seeking to adopt the strategies discussed in this paper to 
manage the risks encountered when considering patenting a product or technology or transferring that technology. 
This systematic approach to the a priori identification of legal risk factors should facilitate the adoption of 
appropriate risk mitigation strategies thus reducing the chances of the invention being infringed upon or the patent 
holder being_unprepared for such occurrences. IBtellectual property is both a valuable and vulnerable asset in today's 
competitive business environment. Corporations that possess such assets can be expected to protect and enforce their 
intellectual property rights vigorously, while that protection and enforcement may prohibit the free use of these 
technologies by tiie public who jn many cases need and cannot afford them any other way. 
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Figure 2: Proposed Framework for Incorporating Legal Risk Factors in Commercializing New Inventions 
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agreements that may govern the 

use and ownership of the invention 

Apply for a patent at"the U.S. 
Patent and Trademark Office 

YES . _______ Become financially prepared to 
litigate patent infringement 

Yes 

Sue the party using your 
technology illegal for royalties. 

END 
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MILLENNIUM DEVELOPMENT GOALS INDEX (MDGII) 

D.HosnW 
University of Central Florida 

ABSTRACT 
Progress towards achieving the MDGs is being monitored annually by different international organizations, such as 
the United Nations Development Programme (UNDP) and the World Bank, to identify whether they are on or off 
track in meeting individual goals by the target deadline. To further contribute to this effort, this paper undertakes to 
develop an MDG composite index made up of selected target indicators using international organizations' data 
sources. The MDG Index (MDGI) and its adjustment (MDGII) will offer a snapshot cross-country comparison of the 
globally adopted Millennium Development Goals. · 

INTRODUCTION 
The Millennium Development Goals (MDGs) represent a turning point in the economic development literature. 
They are the 'talk of town' in the international circles. Combating poverty is not new and has been central to all 
development efforts. In 1990, the United Nations Development Programme (UNDP) emphasiz.ed 'human 
development' as the· driving force for development. Human development is at the core of the MDGs. Both rich and 
poor countries realiz.ed the mutual benefits from achieving these goals. This stand supports the notion of "reverse 
linkages" where developed countries also get to benefit from the development of poor countries. 

The Millennium Development Goals were coined in the 2000 Millennium Declaration signed by 189 countries and 
147 heads of.states. The focus is on poverty reduction and sustainable development. Progress is being tracked 
through indicators and targets for a specified time horizon. This framework sets in motion the dynamics of where 
the developing countries were in 1990 ·and where they need to be (progress) by the due date of 2015. International 
organizations have monitored MDGs annually and reported progress on indicator by indicator, country by country, 
and region by region. They classify the countries' progress as 'early achievers', 'on-track', 'offtrack', or 
'regressing'. A proliferation of websites and reports, including regional and national, record such information. 

The motivation for this paper ~terns from developing a new blueprint for a better world. But, more specifically, it 
emanates from two observations. First, the reported results tend to be complicated to summariz.e given the scope of 
the coverage. Second, documenting progress towards the MDGs does not necessarily throw full light on the latest 
absolute achievements. Successful achievers may still face serious development challenges in terms of gaps 

- between the rich and the poor. It is, therefore, important to emphasiz.e that progress is not the ultimate goal, but is 
· only the beginning of the path for this critical human development mission In addition, the " how" to achieve the 
targets is equally important. In this paper, we present a more integrated view of the MDGs and offer a simplified 
summary measure of selected indicators for key goals in each country that has a complete data set. In the next 
·sections, the paper discusses the goals, measures, findings, financial resources, and policy choices. · 

GOALS 
The Millennium Declaration lists eight specific goals that set the MDG agenda. The first seven goals are human 
development related. They focus on poverty, hunger, education, gender disparity, health, -including major diseases, _ 
and environmental sustainability. The eighth goal centers on global partnership and represents a crucial move 
committing developed countries to assist developing countries to reach the intended targets. The MDGs are _ outlined 
in terms of 18 targets and 48 indicators. The targets are quantifiable and time bound ( 1990-2015) to guide and 
speed-up the development process. This framework is used for benchmarking and mobilizing tools. 

The eight goals are: 
1. Eradicate extreme poverty and hunger 
2. Achieve universal primary education 
3. Promote gender equality and empowerment of women 

• The author would like to recogniz.e the efforts of Joshua Roback, UCF senior student, for helping with internal. 
setting data, presentation format, and valuable support 
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4. Reduce child mortality 
5. Improve maternal health 
6. Combat HIV/ AIDS and other diseases 
7. Ensure environmental sustainability 
8. Develop a global partnership for development 

A reduced MOO framework is used for this study and is presented in Table 1. It outlines the first seven goals, 
quantifiable targets, and corresponding indicators. The global partnership goal has a separate focus and is not 
discussed in this paper although a brief analysis. of foreign aid is included. For the purpose_ of developing an MOO 
summary measure, we focus on the quantifiable targets only. It is important to note, however, that the MDG 
indicators are quantitative measures and ignore quality considerations, for example, in relation to education or health 
care. Finally, the international community fully expects country ownership of the MDGs in order to improve the 
lives of people. Each country develops its strategies in the light of its own internal setting. As discussed in the next 
section, "good governance" is acknowledged as an important determinant for the succ·ess of this plan. 

CONCEPTUAL MODEL 
Economic development is about improving the lives of people. There has been a growing emphasis on human 
·resource development through health; nutrition, and education. The approach of poverty reduction though human 
resource development is viewed as the cornerstone of nation-building. Theories, like the New Growth, have re
introduced the role of human capital accumulation to explain growth and development. 

"Human development, if not engendered, is endangered" (UNDP, 1995). The call is for engendering development 
in support of the role of women in impacting health, education, and size of the family. Findings confirm that 
educated women have fewer, better fed, healthier, and more educated children. The feminiz.ation of poverty -
overrepresentation among the poor- sets in motion a vicious cycle of poverty, population growth, and 
environmental degradation. Therefore, women's education will save future generations (Britain, 2000). Countries 
that have paid full attention to their girls reaped many benefits that directly relate to the MDGs in terms of reducing 
the risks of poverty, infant and child mortality, maternal deaths, malnutrition, and environmental distress. 

With this perspective, we offer a conceptual model that identifies the key goals and their interrelationships. The 
model focuses on all the goals except global partnership. · Figure 1 reflects.the interrelatedness of the five 
components. Following the above discussion on engendering development, it places gender disparity at the top of 
the circular flow implying that it will generate a double dividend positively impacting children and the nation 
(UNICEF, 2007). Closing gender disparity sets in motion a virtuous circle leading to mutually reinforcing benefits. 

The internal setting was added at the center because, in the context of the MDGs, "good governance" has been 
identified as the single determinant for the success of poverty reduction with national policies and institutions 
shaping the success or failure of development outcomes. G~ governance results in a development dividend in 
terms of significant benefits to human development, such as increased literacy and reduced infant mortality 
(Kaufmann et. al., 2000). 

Governance is a complex, multi-faceted concept encompassing many dimensions that impact the quality of life of 
people. Unfortunately, there is no widely adopted objective measure of 'good' governance. Kaufmann et al (2000), 
from the World Bank Institute, have detemiined that governance matters and offered qualitative measures covering 
six broad governance concepts (voice and accountability, politic~} instability and violence, government 
effectiveness, regulatory burden, rule of law, and control of corruption) with indicators from different sources. But, 
they clearly warn against using them to rank countries (Rotberg and West, 2004). Rotberg with the John F. 
Kennedy School of Government at Harvard University suggested-the need for more objective indicators to measure 
good governance (Rotberg and West, 2004; Rotberg 2004-05). Their measure is currently under construction. In 
the next section, we discuss the MDG Index and offer a simplified measure to capture the dynamics of the internal 
setting. 

MILLENNIUM DEVELOMENT GOALS MEASURES 
The idea of building a measure to capture the status of countries on a given issue is quite common. A plethora of 
indices were developed over the last decade to document the importance of human resources. We briefly review a 
few relevant ones as background to the new MDG index. The introduction of the UNDP Human Development 
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Index (HDI) in ·1990 has opened the door forthe addition of many more indices. The HDI combines longevity, 
educational attainment, and per capita income as reflective of the level of human development. HDI classifies 
countries into three groups with high, medium, or low human development. · The UNDP Gender Development Index 
(GDI) captures the gender differences across the same three variables. The UNDP Gender Empowerment Measure 
(GEM) portrays the status of women in the economic and political arena and their command over economic 
resources. The Female Endangerment Measure (FEM) (Hosni and Chanmala 2001) is yet another attempt to .bring 
attention to the centrality of women in development by assessing the consequences of their deprivation in'health and 
education as well as the impact ofhigh fertility rates. In 1997, the UNDP introduced a new definition of poverty 
with a human development focus. Human poverty, different from income poverty, is a multidimensional concept 
that aligns itself well with the MDGs. Its measure, the Human Poverty Index (HPl-1), tackles deprivation in basic 
needs resulting in illiteracy, poor health, malnutrition, lack of access to safe drinking, and even early death. All 
these measures and •their indicators and sub-indicators are closely linked to the MDGs ones. Tracking these indices 
offer a good assessment of human development across countries. · · 

In this paper, a new measure, the Millennium Development Goals Index (MDGI) is introduced to capitalize on the 
essence of the MOO framework and to allow for a ·cross-country snapshot comparison on the current status of the 
MOOs. Like all other indices, it is a composite index made up of several indicators. Nine indicators were used to 
represent the quantifiable MDG targets. Although HIV/ AIDS is a non-quantified target, it was added because of its 
dramatic impact on human resources. The indicators are listed in Table 1. . 

The calculation of the MDGI was modeled after the HDI. Performance in each dimension is calculated as: · . . 
Dimension Index = actual value-'- minimum value/maximum value ...:.. minimum value. 
The nine indicators are equally weighted. The MDGI is calculated as a simple average of the dimension indices. 
The following equation represents MDGI with values from Oto 1 (1 is worst). 

MOOI = SUM [POVI + UNDCI + (1 -NPE)I + (1- FMPSE)I + CMRI + MMRI + HIVPI + WOWI + WOSI] / 9 

Where MDGI represents the average of the nine dimension indices for poverty (POV), underweight children 
(UNDC), net primary enrolment (NPP), female-male ratio in primary and secondary education (FMPSEh child 
mortality rate (CMR), maternal mortality rate (MMR), IBV-AIDS prevalence (HIVP), people without safe water 
(WOW), and people without sanitation (WOS). · 

To tie good governance to the MDGI, we created another index (Internal Index or II) to represent the internal setting 
component at the center of the conceptual model in Figure 1. II is a preliminary attempt to portray the influence of 
the internal setting on affecting the MDG status of a given country. As such, it allows us to differentiate between 
performance (current status given by MDGI) and potential (linked to progress prospects given by II). Hopefully, 
when a more objective ·'good governance' measure is-available, it would serve as a better approximation of the 
internal setting~ 

Based on the literature coverage of 'good governance" (Huther and Shah, 1998; Kauffman et.al, 2000), three 
dimensions of internal setting were identified: economic and political freedom as well as income inequality. First, 
economic freedom is required to improve economic efficiency and standards of living. The Index of Economic 
Freedom, published by the Heritage Foundation/Wall Street Journal (2007), measures the absence of government . 
intervention in the production, distribution, and consumption of economic activities. It is a comprehensive measure 
covering ten factors ranging from trade, fiscal,_ and monetary policy to property rights and lack of corruption. It 
reports scores for 161 countries in 2007. Second, Freedom of Press is used as a proxy for political freedom. This 
index is published by Reporters without Borders (2006) and reports information on 167 countries.- Finally, income 
inequality is included because progress is not complete if the gains are not shared by all. In addition, income 
inequality affects the impact of economic growth on poverty reduction. The lower the inequality, the larger is the 
impact of growth on poverty reduction (growth elasticity of poverty reduction). The Gini Coefficient is the 
commonly accepted measure of income inequality. A dimension index is calculated for each dimension as · outlined 
above. All three variables are equally weighted. The following equation represents II with values from 0 to 1 (1 
worst): 
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II= SUM ((1-ECF)I + FPI + GCI] / 3 

Where II represents the average of the three dimension indices for economic freedom (ECF), freedom of press (FP), 
and Gini coefficient ( GC) 

Finally, we adjust MDGI to II to fonn the Millennium Development Index/Internal (MDGII). Note MDGII was not 
calculated by combining all indicators into one single index. Instead, it is made up of two variables (MDGI and II) 
combined into one index. More favorable country rankings could result by combining all twelve indicators as 
exceptional perfonnance in some areas might outweigh weaker performance in others. 

FINDINGS 
The sample is made up of 69 developing countries with a complete set of data. Countries from Central and Eastern 
Europe and the Commonwealth of Independent States (CIS) were excluded from the list. Upon examining the 
regional representation, it became clear that data limitations have constrained the inclusion of many more countries. 
However, the sample offers a good coverage of the population in the different regions and the developing world 
(92%).· Trinidad and Tobago ranks at the top (0.036) and Sierra Leone last (0.872). The sample is almost equally 
·divided in terms of low and middle per capita income and close to three-fifths of the countries have medium human 
development. 

· The regional distribution indicates that three regions are above the mean of the sample (0.406) with Latin American 
and Caribbean region (LAC: 0.237) ahead of other regions, followed by the Middle East and North Africa (MENA: 
0.292) and East Asia Pacific (EAP: 0.390). It is no surprise to find that South Asia (SA: 0.462) and Sub-Sahara 
Africa (SSA: 0.556) trailing other regions. It is important to note that the Least Developed Countries (LDCs), or 
the poorest of the poor nations, show an abysmally high average (0.568). 

Regional disparity is observed in terms of the performance difference between each region's achiever and laggard 
country. MENA has the smallest spread (0.353) between Jordan and Yemen, ranked· 6 and 48, respectively. In 

· ·comparison, LAC has a larger spread (0.364), but a better end ranking for Colombia (36). SA reflects a smaller 
regional gap (0.406) between Sri Lanka (18) and Nepal (64)than EAP with a 0.435 difference between Malaysia 
(7) and Laos (60). SSA ranks last with a gap of0.526 between South Africa (28) and Sierra Leone (89). 

A comparison of the three indices was revealing. Countries that ranked high on performance dropped in ranking 
under unfree and unequal settings and vice versa. By adjusting for the internal setting, the distinction between 
performance and potential is magnified as portrayed in Figure 3. As a result, the rankings of China and Syria have 
worsened. Due to China's low ranking on II (68), its MDGI ranking changes from 26 (MDGI) to 58 (MDGII). On 
the other hand, the rankings of India and Mongolia improved because of better internal conditions. Although 
Mongolia ranked 33 in MDGI, its MDGII ranking jumped tQ 8 due to its high internal ranking of 3. 

Countries were classified into four groups based on their MDGII ~cores. Due to the performance-potential link, it 
was difficult to give a descriptive term to each group when the middle groups included combinations of achievers 
(above MDGI mean) and laggards (below MDGI mean) under progressive (above II mean) and regressive (below II 
means) regimes. Group "A", with a score ofless than 0.150, includes 6 countries with the top five from the LAC 
region. Group "B" with scores from 0.150 to 0.349 includes 23 countries. LAC countries still dominate (52%) 
along with EAP and MENA countries. Group "C" (0.350-0.499) has a total of20 countries and the same is true of 
group "D" with a score of 0.500 or higher. Least Developed Countries represent 45 and 65 percent of the "C" and 
"D" groups. The scores for the three indices are listed alphabetically in Table 2. The next section will elaborate on 
this classification further. 

FINANCIAL RESOURCES 
Where would the financial resources needed to support the MDGs come from? This question has been widely 
debated in the international community. Internal and external prospects were identified. Internally, we focus on the 
countries' commitment to spending on education and health relative to their military outlays. Externally, the foreign 
aid contribution is examined relative to the MDGII classification. 
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The World Bank had warned against using public spending on education and health (shares in public spending as a 
proportion to GDP) as a measure of c()mmitment to human development (World Bank, 2004). The delivery of 
education and health services will not reach the poor people under a poor governance setting . . But, since we control 
for the internal -setting, it is easier to determine. whether such investments are· effective or not. Generally, a 
downward trend is observed between the sum of education and health spending and MDGII values. However, ten 
countries record double digit figures, with 60 percent of them in groups "C" and "D": We know that such a high 
spending at high MDGII scores will make no impact on improving the lives of the people in these countries. Groups 
"A" and "B" tend to spend over 6 percent on education and' health combined. Syria, Pakistan, and Burundi (from 
"C" and "D" groups) register higher spending on the military than on human development. In addition, ten 
countries spend more than fifty percent of their combined education and health on the military. Half of them are in 
the first two groups (Chile, Jordan, Ecuador, Morocco and Indonesia). This trade-off in the use of resources needs 
to be adjusted. 

Under the MDG framework, the developed countries pledged to increase foreign aid or Official Development 
Assistance (ODA) to the developing countries to meet their targets. But would donors use rankings to favor good · 
governance? Actually, the US established· the Millennium Challenge Account (MCA) where more contribution is 
linked to better recipient responsibility. MCA performance assessment is -undertaken in terms of sixteen indicators 
in three areas: governingjustly, .investing in people, and promoting economic freedom (White House). 

How· is aid distributed to the countries in the sample? How does it relate to the internal setting? About 40 percent of 
the countries account for 5 percent or higher of ODA in their GDP. The ODA share of GDP for countries in the."A" 
group is small (:<1%), except Jordan (5%). In group "B", only Mongolia and Nicaragua have much higher shares 
(16 and 28 percent, respectively). The scatter chart in Figure 2 shows that countries with MDGII scores of 0.500 
and higher are among the highest recipients. With poor governance, such investment, like in Burundi (54.6% GDP), 
Sierra Leone (34.3% GDP), Ethiopia (23% GDP), and Laos (11.4% GDP), would not gwirantee positive outcomes. 
The ODA donors, besides doubling the volume of aid, need to reassess their priorities in allocating their assistance. 
More discussion on this point is presented in the next section. 

POLICY CHOICES 
This study developed an MDG index (MDGI) adjusted for internal setting (MDGII) to tie performance and potential. 
The above analysis has indicated that internal and external resource reallocation is warranted to achieve the MDGs, 
if there is a serious commitment on the part of both poor and rich countries. The following policy recommendations 
are made towards the achievement of the MDGs: 

I. Resolve Data Limitations 
Data availability is crucial to address where the countries stand in meeting their goals. Even under the 
simplified MDG version adopted in this study, data limitations constrained the analysis with only 53 percent of 
the developing countries represented. Investing in building quality data sets is a prerequisite to achieving the 
goals. 
2. Link Internal Setting to MDGs . 
To assess progress in achieving the MDGs, it is important to keep track of the internal setting. Findings reflect 
that even with good performers, progress cannot be guaranteed under weak governance. China, for instance, 
with its growing income inequality and the worst ranking on freedom of the press, is-held back from moving 
forward despite gains in economic freedom and impressive poverty reduction. 
3. Develop and Monitor Goals for Good Governance (GGGs) 
It is strongly recommended that good governance goals, like MDGs, be outlined, targeted, and monitored for 
guaranteed success with the MDG investments. This will put strong pressure on governments to address their 
internal problems since their status will be internationally benchmarked. Aid should be generously provided 
t~ward this purpose. 
4. Address Priorities in Public Spending 
Expanding education and health services is a top priority (Berg and Qureshi, 2005). Mobilization of internal 
resources should be linked to the trade-off with military and other non-human development public spending. 
Reallocation of resources towards education and health should be strongly advocated in parallel with 
improvements in the internal setting. Such information should also be circulated internationally for donors to 
target countries accordingly. · 
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5. Revamp ODA Strategy 
The current ODA strategy needs to be reassessed. Given the assessment of the Millennium Challenge Account 
(Schaefer, 2002), it should be adopted by all donors with stringent conditionality and accountability. Countries 
in group "A" should not be receiving any form of aid. Instead, strengthening market access and foreign 
investment should be promoted. The focus on granting aid to "D" countries should be to fix their internal 
settings first. Unless there is improvement in governance, aid effectiveness is highly questionable (Berg and 
Qureshi, 2005). More on the aid strategy for groups "B" and "C" is discussed in the next recommendation. 
6. Foc,us on "Middle-Income" Countries and "C" Group 
Group "B" is predominantly made up of middle-income countries (91 % ). It is recommended that these 
countries, because of their role in the global economy (DFDI, 2004), receive swift and concentrated aid for a 
limited time period in order to turn them into frontrunners and contributors of ODA for low-income countries. 
This is the case of countries like Algeria and Malaysia. Thailand is already listed as an aid donor. On the other 
hand, countries like Brazil, Egypt, and Tunisia need assistance with their internal settings in order to catch-up 
and align potential and performance. 

Group "C" is mostly made-up of low-income countries (80%) and represents an interesting mix of countries. 
First, it includes four middle-income countries (Syria, Colombia, the Philippines, and Botswana) with the first 
three falling in or near the first quartile of achievers (ranking at 6, 19, and 21, respectively). They too need 
assistance with their internal settings. Second, this third group greatly differs in MDGI and II rankings On the 
one hand, India ranks 13 in Il and 41 in MDGI while Syria ranks 65 in II and 6 in MDGI. The assistance they 
receive should be targeted differently. Third, Benin, Ghana, and Moz.ambique, frontrunners in II (ranking 6, 8, 
12, respectively), should have, with adequate assistance in human development, the potential to deliver. We 
recommend a large boost of aid to the "C" group to be properly targeted towards promoting.human 
development pursuits or fixing institutions. The revamped strategy of working with the middle groups "(B" 
and "C") and the middle-income countries, in particular, as well as targeting aid differently to countries, should, 
bring about positive and accelerated changes in the dynamics of achieving the MDGs under a more effective 
international system. · 
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aternal Mortality 

DG6 
IV/AIDS 

Table 1. MDG FRAMEWORK 

TARGET/INDICATOR 
1. Reduce extreme poverty by (50%) 
1/o People living on <$I/day 

. Reduce the % of hungry people by (50%) 
1/o Children ( <5 yrs) Underweight 

. Universal primary education for ALL (100%) 
et Primary Enrolment (%) 

. Eliminate gender disparity at primary & secondary levels (OJ 
Ratio of Females/Males at Prim & Secon Education 
. Reduce <5 mortality rate by (213) 

<5 Mortality Rate/1,000 Live Births 

. Reduce maternal mortality rate by (3/4) 
Maternal Mortality Rate/100,000 Live Births 

. Halt the spread of HIV/AIDS & reverse it 
V / AIDS Prevalence {% 15-49 years) 

DG7 10. Reduce by (50%) the % of people without 
NVIRONMENT AL . safe drinking and b. basic sanitation 
UST AINABILITY 1/o People w/o safe drinking 

1/o Peo le w/o sanitation 
_ Source: United Nations Statistics Division, Millennium Development Goals Indicators, 
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Figure 3. COUNTRY RANKINGS: MDGI, "fl, MDGil 
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Table 2. MDGI, II, MDGII SCORES 

Country MDGI II MDGII Country MDGI II MDGD . 

Algeria 0.071 0.312 0.203 Nicaramia 0.195 0.268 0.243 

Argentina 0.034 0.386 0.249 Niger 0.767 0.428 0.778 
Bangladesh 0.333 0.422 0.483 Nigeria 0.573 0.414 0.635 

Benin 0.46 0.244 0.396 Pakistan o.415 0.415 0.531 

Bolivia 0.19 0.412 0.378 Panama 0.08· 0.318 0.214 

Botswana 0.324 0.36 0.417 Papua New Guinea 0.421 0.293 0.417 

Brazil 0.094 0.397 0.300 Paraguay 0.108 0.432 0.343 

Burkina-Faso 0.615 0.303 0.556 Peru 0.139 0.404 0.337 

Burundi 0.573 0.478 0.697 Philippines 0.166 0.463 0.412 

Cambodia 0.459 0.34 0.488 Rwanda 0.461 0.341 0.490 

Cameroon 0.368 0.391 0.477 Senegal 0.327 0.292 0.354 

Chile 0.022 0.234- 0.095 Sierra Leone 0.711 0.564 0.872 

China 0.152 0.64 0.573 South Africa 0.233 0.349 0.346 

Colombia 0.084 0.508 0.400 Sri Lanka 0.118 · 0.353 0.274 

Costa Rica 0.032 0.266 0.132 Swaziland 0.429 0.5 0.622 
Dominican Republic 0.082 0.368 0.264 Syrian Arab Republic 0.043 0.516 0.381 

Ecuador 0.077 0.329 0.223 Thailand 0.083 0.304 0.203 
Egypt 0.095 0.393 0.297 Trinidad and Tobago 0.07 ·0.14 0.036 

El Salvador 0.148 0.256 0.200 Tunisia 0.08 0.399 0.293 

Ethiopia 0.679 0.458 0.748 Turkey 0.1 0.333 0.242 

Gambia 0.382 0.503 0.594 Uganda 0.401 0.315 0.425 

Ghana 0.436 0.261 0.396 Uruguay 0.016 0.223 0.080 
Guatemala 0.159 0.389 0.336 Venezuela 0.097 0.443 0.346 

Guinea 0.487 0.351 0.517 Viet Nam 0.179 0.515 0.470 

Guinea-Bissau 0.577 0.426 0.650 Yemen 0.362 0.41 0.491 
India 0.381 0.286 0.384 Zambia 0.56 0.324 0.540 

Indonesia 0.244 0.302 0.308 Zimbabwe 0.436 0.658 0.780 

Jamaica 0.063 0.165 0.055 
Jordan 0.034 0.271 0.138 
Kenya 0.391 0.342 0.445 

Laos 0.432 0.506 0.630 
Lesotho 0.386 0.484 0.578 
Malawi 0.436 0.414 0.544 
Malaysia 0.058 0.313 0.195 
Mali 0.66 0.368 0.649 

Mauritania 0.421 0.319 0.442 
Mexico 0.06 0.403 0.283 
Mongolia 0.216 0.208 0.199 
Morocco 0.197 0.317 0.291 
Mommbique 0.57 0.275 0.499 

Namibia 0.387 0.468 0.564 
Nepal 0.397 0.582 0.680 

Source: Author's calculations from UNDP, World Bank, Heritage Foundation/Wall Street, and Reporters without 
Borders data 
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OUTSOURCING AMERICAN HEALTHCARE SERVICES MEDICAL TOURISM 

· Ewa A. Rudnicka and Andnej J. Gapinski 
University of Pittsbur~ at Greensburg, Penn State University-Fayette 

ABSTRACT 
The American manufacturing industry has been taking advantage of outsourcing to improve efficiency for quite 
some time. This trend has spread to the healthcare services industry. The purpose of the article is to investigate the 
trends in outsourcing of American healthcare services by healthcare providers, healthcare payers and individuals. 

OUTSOURCING DEFINED 
Webster's Universal College Dictionary defines outsourcing as simply as the following: "Out-source" - v.t., to buy 
from a foreign country or nonunion supplier''. Outsourcing, as a practice, began to be more steadily used during the 
1_980's while international communications became more and more developed, reliable and common-place. In this . 
case outsourcing refers to the delegation of non-core operations from internal production to an external entity . 
specializing in the management of that operation. It involves transferring or sharing management control and/or 
decision-making of a business function to an outside supplier, which involves a degree of two-way information 
exchange, coordination and trust between the outsourcer and its client. Outsourcing is normally referred to as "off
shoring" when the work is done overseas, "near-shoring" if done in Canada or Mexico. 1 

According to Dun and Bradstreet 2 outsourcing has become a $4 trillion-a-year business. It enables businesses to; · 
• reduce. costs 
• concentrate on core competencies 
• transfer non-core business processes, and thus to provide goods and services more efficiently. 

The practice exists in various economic sectors including manufacturing, technology, accounting, business 
services, and, now, healthcare. Many healthcare organizations are discovering that diverse functions can be 
outsourced without affecting their core·competency.3 

HEALTHCARE OUTSOURCING 
Outsourcing healthcare is bec~ming increasingly popular among major hospitals, medical groups, and companies 
which provide healthcare benefits to employees. In the midst of healthcare outsourcing is a growing trend known as 
"medical tourism", which involves individuals traveling abroad in order to get heavily discounted, yet world 
renowned, medical treatment. Regions flourishing from this movement include Southeast Asia, Singapore, 
Malaysia, and India. 4 

Hospitals and medical groups involved in outsourcing are reducing major costs and providing better patient care. 
Outsourcing gives the medical community a chance to focus on improving efficiencies through better staffing ratios, 
technology, services delivery methods, and multiple other process improvements. 5 

. • · 

According to Modem Healthcare 24th Annual Contract Management Survey outsourcing within many healthcare 
contract-management departments such as pharmacy, emergency, and information technology, grew by double-digit 
percentages in 2001. While food service, housekeeping and laundry continue to dominate outsourced work, areas 
that realized the largest growth in hospital clients were nursing with 1, 120% increase, and information systems and . 
materials management with a 50% increase. 
"The type of work being outsourced by hospitals and other healthcare institutions is moving far beyond such typical 
functions as laundry and food service," says David Burda, editor of Modem Healthcare. "Now, everything from 
people to computers are being handled by outside firms." 6 

With .the rising cost of health care operations many healthcare insurers, healthcare providers, and patients in 
particular are looking at outsourcing their needs. Patients that are either under-insured or do not carry any insurance 
are traveling to other countries for medical care. The cost savings can be substantial as evidenced in the table below 
in IO00's of U.S. dollars. 
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Medical procedure U.S. India Thailand 
Heart bypass $13o+ IO 11 
Heart valve replacement 160+ 9 IO 
Hip replacement 43+ 9 12 
Angioplasty 57+ 11 13 
Hysterectomy 20+ 3 4.5 
Spinal fusion 62+ 5.5 7 
Knee replacement 4o+ . . 8.5 10 

Note: The above costs do not include travel and lodging expenses. 
Source MedicalTourism.com 

Singapore 
18.5 
12.5 
12 
13 
6 
9 
13 

The U.S. Healthcare system performs millions of surgeries worth about $2 trillion. The growing number of patients 
seeking treatment outside the U.S. shows that a significant shift is under way. Elective surgeries are key money 
makers for hospitals, and even a small drop-off can cut deep into the hospitals' profits. · 

Iµ the US, approximately 50,000 nurses and 30, 000 licensed practical nurses are on temporary assignment on any 
given day. 7 Such as ATC Healthcare, Inc., a leader in medical staffing personnel to hospitals, nursing homes, clinics 
and other healthcare facilities with 54 locations in 35 states. It draws from a pool of over 15,000 healthcare 
professionals spanning more than 50 specialties, clinical and non-clinical personnel for short-term, long-term and 
"traveling" contract assignments. 8 

The US healthcare industry outsources to India not only its medical billing and insurance processes, but also data 
analysis ·and software development. The healthcare Business Process Outsourcing (BPO) industry in India is 
estimated at about $300 million now. Medical outsourcing has four clients -provider (hospitals and physicians), 
payer (health insurance companies), healthcare IT companies, and phannaceutical companies. Data entry on the 
payer side accounts for about $100-105 million outsourced to India. Medical transcription outsourcing to India is 
~ut $100 million and $30-40 million is outsourced to India for medical billing and raising claims for hospitals and 
· physicians. 9 

The pharmaceutical and biotech sector is outsourcing drug_ discovery, clinical research, and clinical trial activities to 
India. 10 

Britain may ship blood and urine samples from National Health Service (NHS) patients to India for clinical tests and 
in turn get test results by e-mail as part of cost-cutting efforts. 11 

RISKS OF MEDICAL OUTSOURCING 
There are several downfalls and risks in outsourcing for medical organiz.ations. Such risks include losing tax
exempt status due to extensive outsourcing to for-profit agencies, and determining who assumes· liabilities on a 
global leve~ whether it be the healthcare organii.ation that is doing the outsourcing, the referred physician, or the 
third-party provider. Finally, concerns are raised over issues of patient confidentiality due to the fact that the laws, 
acts, and regulations created in the United States are not upheld in foreign nations. One example of such law is the 
Health Insurance Portability and Accountability Act_ of 1996 (HIP AA), which was enacted to improve the 
productivity of the American healthcare system and to provide federal regulations for the security and 
confidentiality of health information. 12 

AMERICAN HEALTHCARE INSURERS AND OUTSOURCING 
Companies providing healthcare benefits to their employees are also seeking to outsource healthcare insurance 
policies. This current trend is emerging because employers' health insurance premiums have risen roughly 73 
percent and average employee contributions have risen roughly 143 percent since 2000, states such as West Virginia 
to consider affordable plans that may require employees to travel abroad. Also, according to Tom Keesling, 
president oflndUStealth, Raleigh, N.C., a company that specializes in off-shoring serious medical cases to India, 
self-funded companies and have essentially run out of options seek health care in India. 

United Group Programs (UGP) in Florida, a company that administers self-insurance programs for small 
companies, has contracted with Bumrungard International hospital in Bangkok, Thailand for its employer clients. 
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The UGP says th~ plan will save employers more than 50 percent on major medical costs and slash employees' out-
of-pocket expenses to zero. 13 

. . . 

"We are seeing ·some employers who are seriously beginning to think about d~ing global healthcare and not giving 
employees an option" says Joel Miller, vice president of operations at the National Coalition on Health Care 
(NCHC) in Washington. 14 

· 

Blue Shield of California and Health Net of California already contracted with medical clinics in Mexico and offer 
lower cost policies to members who seek medical care in Mexico. 15 . 

David Boucher, an assistant vice president at BlueCross BlueShield of South Carolina, traveled to Bangkok for a 
close -up look at Bumrungard, the Thai hospital that drew 400,000 foreigners including 55,000 Americans in 2005. 
Buchner was thoroughly impressed and stated that the company was ~eriously lookirig at this as an alternative for 
the health ·plan's 1.5 million members. 16 . · 

US health-care behemo~s Aetna and Cigna have op~ned up shop in select Latin American nations. 17 

. . MEDICAL TOURISM 
Medical tourism, individuals going to a different country for either urgent or elective medical procedures, is· fasf · 
becoming a multibillion-dollar industry. Many countries, such as Cuba, Costa Rica, Hungary, India, Israel, Jordan, 
Lithuania, Malaysia, Thailand, Poland and Singapore actively promote medical tourism. 

According to NCHC with an estimated 45 million of uninsured Americans, some 500,000 went overseas in 2005 for. 
medical treatment. 18 

· 

Medical tourism among individuals is becoming a major trend among by not only Americans, but individuals World
wide. With prices of state-of-the-art medical ·procedures costing, on average, only one-eighth to one-tenth that of 
proce~ures performed in the United States, combined with luxury, resort-style accommodations, demand for foreign 
treatment is growing at a fast pace. 19 

The most popular treatments abroad include bypass surgery, fertility treatment, hip-replacement, and various 
cosmetic surgeries. 20 

. . · 

Many of the hospitals offer medical treatment packages, much· like vacation packages, which often includes the 
medical procedure, luxury recovery rooms which strongly resemble hotel rooms, though usually far less expensive 

·. than hotel rooms, with some of packages even including golf accommodations and guided tours of the surrounding 
area. Some American hospitals already relay on places like India for X-ray readings and other diagnostics. 21 

In the US approxjmately 45 million individuals are priced out of adequate healthcare insurance. Patients/customers 
are willing to outsource the.if healthcare for ~e fact that the overall process is cheaper in foreign countries. Out-
sourcing healthcare to India is quoted at saving the client over 60% of the cost onshore. 22 

· 

Medical Tourism in India 
India's National Health Pqlicy declares that treatment of foreign patients is legally an "export'' and "deemed eligible 
for all fiscal incentives extended to export earnings." 23 According to a report by McKinsey Consultants and the 
Confederation of Indian Industry, a business group, a new medical tourism industry could be generating annual · 
revenues of$2.lbn. by 2012. 24 

· 

India· is promoting the "high-tech healing" of its private health care sector as a tourist attraction with world-class 
expertise in practices such as joint replacement, cosmetic surgery, dentistry and cardiac care. Patients are not 
sacrificing quality with the move overseas. They are receiving the same amount of efficient care by equally · 
qualified physicians. These facilities offer clean areas equipped with qualified individuals and a labor force full of 
physicians that want to help you. These hospitals are under the same standards that American hospitals operate 
under. They comply by the HIP AA law and keep clients personal information confidential. At the same time the 
physicians and pharmacists in India are determined to put patient, not profits, first. They take your records and make 
sure that all of your questions are answered and that your files are up to date and closely monitored so nothing is . 
over looked. 
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Medical Tourism in Southeast Asia 
About I 00 foreign hospitals have been approved by the international arm of the Chicago-based Joint Commission on 
Accreditation of Healthcare Organizations, which also accredits American hospitals. Six countries in Asia have 
accredited facilities with five in India and eleven in Singapore. 25 

Southeast Asia countries such as Singapore, Thailand, and Malaysia with their bargain prices and world class 
medical specialists became popular destinations for "medical" tourists from Indonesia, Asia, Europe, and the United 
States. The Association of Private Hospitals of Malaysia (APHM) claims that in 2002 close to 85,000 medical 
tourists che~ked in to Malaysian clinics seeking everything from laparoscopic surgery, liposuction, cardiac bypass 
surgery, to fertility treatments. Medical standards vary from facility to facility with some having a success rate 
matching that of top US clinics'. The top centers include Pantai Medical Centre in Kuala Lumpur providing deluxe 
accommodations and Makhota. Medical Centre in Melaka which specializes in open-heart surgery. 26 

Bumrungard Hospital in Bangkok has more than 500 doctors, most with internationai training. It is a luxurious 
facility that also has state-of-the-art technology but treatment costs about one-eight of what it does in the United 
States. 27 The Philippines began a campaign in 2006 to attract Filipinos living abroad and Asians within the region 
to take advantage of packages offering city tours, day spas and even golf combined with health checkups and 

· cosmetic surgery. 28 
· 

Medical Tourism in Mexico 
Two California insurers, Health Net and Blue Shield in the past two years marketed Popular Health -insurance plans 
aimed at Latinos that charge lower premiums and cover treatment on both sides of the border. In the city of Los 
Algodones, Mexico with 250 dentists and a population of 15,000 Americans spend approximately $150 million for 
dental services during the tourist season. People from Minnesota and California arrive in chartered planes to the 
dental oases in the Lower Rio Grande Valley. 29 

Medical Tourism Firms . 
PlanetHospital works like a concierge service. Located in California PlanetHospital connects U.S. patients with 

· doctors and hospitals in six countries and arranges everything from visas and airport pick-up to sightseeing. The 
company charges a $295 fee and patients pay for travel and for their medical services. The one-year old company 
serviced more than 200 patients in 2005. 30 

· 

.IndUShealth, a medical tourism start-up in Raleigh, North Carolina makes all arrangements and coordinates care 
between U.S. and Indian providers. 31 

MedJoumeys.com an on line company with offices in New York, New Jersey, Toronto, London, and New Delhi 
provides clients with accommodation solutions for all their medical-related travels. Their case managers and host 
country managers are committed to provide each client with .a custom medical package.32 

· . . 

CONCLUSIONS 
The rapidly rising costs of health care force health.:.Care providers and customers alike to seek alternatives in order to 
reduce expenditures. The outsourcing, embraced by industrial sectors such as manufacturing, steal, textile, auto, etc. 
in the last two decades,just started to be implemented by health care sector. Despite of the fact that many risks are 
unresolved such as, for example, confidentiality issue or risking losing tax-exempt status, many healthcare stake
holders pursue the outsourcing due to plain economics. The implications of the outsourcing to the healthcare system 
as a whole only now are being recognized. In the case of US healthcare environment the ripple effects of out
sourcing are still to be determined. On one hand, one can argue, it can cut costs in short term, on the other hand 
looking long term, it may contribute to the worsening financial situation of healthcare entities due to the fact that 
some of the most expensive and at the same time most lucrative to the hospitals procedures are being outsourced. 
Thus, the changing financial position of healthcare providers may force reorganizations, consolidations, and 
eventually some bankruptcies. Due to enormous and growing size of healthcare industry vis-a-vis overall economy, 
the importance of the issues discussed here will only increase with time. The national demographics as of now and 
in the future, would only aggravate the economics and consequently bottom line of the healthcare industry. 
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The rising rapidly costs of health care put tremendous burden on society and sooner or later political decisions have 
to be made on how to control the access to increasingly limited resources. The US is the only industrialized nation 
which does not provide national insurance. It is still an open question whether economic forces alone can provide 
satisfactory solµtion. Based. on history, the ~swer is not encouraging. 
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TOW ARDS A MODEL OF RISK TAJ(ING IN TELEOPERATIONS 

Sequoia McNeill and Daniel N. Mountjoy 
North Carolina Agricultural and Technical State University 

ABSTRACT 
The robot has been able to take the human out of dangerous situations, keeping the human from harm and providing 
a sense of~fety. The human, in most cases, still resides in the loop as the remote operator. ·However, the assessment 
and comparison of risk taking behavior of the human during remote operations has yet to be documented. This 
proposed study will explore risk-taking behavior of the operator given haz.ardous material handling scenarios. 
Specifically, this. research will ~eek to identify variables that may impact teleoperator decision making during a risky 
task. A telerobotic risk taking model will be proposed to explain the interactions of the identified variables and the 
teleoperator. Also the ·proposed model will create awareness of the various states of the teleoperator which can serve 
as a guide in the development of telerobotic interfaces and operator training. 

INTRODUCTION 
· While remote control robots were first developed in the 1940s to handle radioactive materials, robots are now used 
under many other circumstances. Trained experts use robots to assist in surgery, conduct teleropotic underwater 
exploration, and to investigate the outer limits of space. Robots are also called upon to handle dangerous duties 
humans are less likely or willing to conduct. These robots, coined rescue robotics, assist emergency responders in 
dangerous situations keeping the human from the immediate dangers of the haz.ardous situation. 

In the design or improvement of complex systems, it is .necessary to take into account the task, operator, machine 
and the environment in which those factors operate. In telerobotic operations, it is important to understand how these 
factors interact to affect the decision making of the operator, and ultimat~ly, the commands transmitted to the·robot. 
At P"?sent, research looking into these factors and their impact on teleoperation is·l~king. 

• -Mountjoy and Perry (2005) state that all tasks have an inherent degree of risk associated with them, and the potential 
consequences associated with taking that risk can be immense. With the development and use of telerobotics on the 
rise, there appears to be a hole in reported research on risk-taking in the use of these systems. Furthermore, they 
suggest that as the gap between practice and knowledge widens the opportunity for operator errors and their 
potential consequences increases. · 

While many models of risk-taking and the perception of risk exist in business or economics-related decision-making 
(see for example, Kahneman and Tversky, 1979; Sitkin and Weingart, 1995; Conchar, Zinckhan, Peters, and 
Olavarrieta, 2004), none has been found that is directly related or fully applicable to the operation of remote 
systems. Mountjoy and Perry (2005) recommend that research should be conducted to identify important variables 
that interact to affect teleoperator risk-taking behavior. This may be accomplished by leveraging existing models 
based on our understanding of already identified key variables. A model of risk-taking in teleoperation can be 
developed in order to provide a systematic approach to further study in this area. Ultimately, a better.understanding 
of the teleoperator' s performance in risky situations is sought which in turn helps balance risks which lie between 
the human and the mechanical mechanism inside the haz.ardous material handling environment. 

RISK TAKING RESEARCH 
Past research involving risk-taking behavior tends to be categorized into one of four general areas: business-related 
risk-taking, safety-related risk-taking, sports-related risk taking and socially-related risk-taking. Typical factors 
studied, researc~ findings, and related models in each of these areas are summarized below. 

Business 
The ability to understand risks and have the right strategies in place when risky events occur is essential in the 
workplace. In the past twenty years some large scale studies of risk taking by managers have been conducted 
(MacCrimmon and Wehrung, 1990; Shapira, 1995), and models of risk taking in organizations have been developed 
(March and Shapira, 1992; Kahneman and Lovallo, 1993; Bromiley, Miller, and Rau, 2001). One of the major · 
aspects of these models is the conjecture that risk taking is context dependent. This model revealed that: 
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· • Decision makers in an organizational setting are guided by different targets and aspiration levels in risk 
taking . 

• The further away a decision maker's asset position is from his target ( aspiration level or survival) the more 
risk he_ takes . . · _ 

• A decision maker who focuses on aspiration level and has fallen below that. target by a certain amount takes 
a larger risk than if he were above the target by the same amount · 

Haleblian (2004) studied the effect of anxiety and confidence on risky decision making in competitive and non 
competitive decision making. Participants were given CEO role playing scenarios in which to conduct, a competitive . , 
risk decision to make and a survey that among others measured their anxiety and trait confidence. R~sults concluded 
that both anxiety and confidence of individual decision makers impacted their decisions involving risk. 

Health and Safety 
Risk taking models have been developed for driving. One such model, the hierarchical risk model (Molen and 
Botticher, 1988), provides a structural framework to describe the perceptional, judgmental, and decision processes 
of traffic participants at all levels of traffic tasks. It breaks down the driving task into a three-layer hierarchy, with 
each successive layer becoming more and more specific in regards to the tasks carried out within that layer. More 
recently, Evans (2000) takes a close look at factors involved in motor vehicle fatalities, including vehicl~ _factors, 
environmental influences,_ driver characteristics, occupant protection and driver behavior. · · 

Arezes (2005) studied the effects of noise exposure levels and worker hearing status to the use of hearing ptotection 
devices (HPD), Here the number of times the worker wears the HPD was the observed measure. Arezes developed a 
conceptual model for HPD usage which includes variables strictly related to noise exposure that other authors have 
referred to as being of relevance in explaining HPD use. Researchers have developed various models to describe 
personal protection equipment use, promotion and motivation, such as the behavioral diagnostic model (Dejoy, 
1986) and the health promotion model (Lusk,-Kerr, and Ronis, 1995; Lusk, Kerr, Ronis, and Eakin, 1999; 
Rabinowitz and Duran, 2001). The former emphasizes three different kinds of factors: predisposing, enabling (which 
can promote or block safe behavior), and reinforcing factors (behavioral characteristics) and cognitive-perceptual 
factors like perceived benefits and perceived self-efficacy. 

Sports .. 
Psychological profiles and models have been developed on participants in high risk sports such as skydiving, white 
water kayaking and parachutists. Participants in these activities believe themselves to be in control of the risks they 
experience which becomes an arousal of excitement and not fear. Llewellyn (2003) developed a conceptual model 
of the relationship between genetic predispositions, individual differences and situational influences. According to 
Llewellyn, sport risk takers are more likely to be male with high emotional stability and low anxiety. 

Garry and Morrissey (2000) evaluated whether team sports participation is associated with specific risk-taking 
· behaviors among a middle school student population. Students were given a questionnaire which would measure 
risk-taking behavior through multiple logistic regression analysis. It was concluded that among the middle school 
student population, sports participants were more likely to demonstrate certain risk-taking behaviors when compared 
with non-sports_ participants. Further research is necessary to understand the relationships between risk-taking 
behaviors and team sports participation. 

Social 
Socially-related risk taking including drug use, ·sexual behavior (assessed by using a composite measure of the 
number of sexual partners, the consistency of contraceptive use, and the effectiveness of contraceptive method) is a 
key area in risk taking research. Various studies have reported that persons who engaged in high-risk behaviors had 
high~r scores on affiliation, desirability, dominance, exhibition, and self-esteem variables and they exhibited 
significantly higher sexual risk, smoking risk, driver and passenger risk, venturesomeness, and impulsiveness 
(Jackson, 1984; Moore and Rosenthal, 1993). · · 

Burian, Liguori and Robinson (2002) examined the effects of alcohol on risk-taking during simulated driving. In 
order to identify the effects of pre-existing individual differences in sensation seeking on risk-taking behavior 
(Heino, Molen, and Wilde, 1996), each subject was administered a sensation seeking scale (Zuckerman, 1994). 
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Their findings suggest that breath alcohol concentration within current legal standards can alter a driver's decision
making such that the willingness to enter a high-risk situation is increased. 

TOW ARDS A MODEL OF RISK TAKING IN TELEOPERATION 
While many models of risk-taking and the perception of risk exist in business or economics-related decision-making 
(see for example, Kahneman and Tversky, 1979; Sitkin and Weingart, 1995; Conchar, et al., 2004), none has been 
found that is directly related or fully applicable to the operation of remote systems. 

In order to develop such a model, the factors that'are related to and influence risk-taking behavior during 
teleoperation must be identified, and their interrelationships understood. Table 1 provides examples of several 
possible contributing factors. A multivariate approach to research should be taken to determine not only which 
factors play a role in risk-taking behavior, but also how and to what degree they interact with one another. 

Table 1. Possible Contributing Factors to Risk Taking in Teleoperation 

Human Factors Task and Environment Factors System and Interface Factors 
L • Propensity to take risks, experience, Time constraints, visibility, Hardware reliability, software 

workload, stress, self-confidence, number/type of physical structures reliability, con~l lag, display 
perceived reliability, perceived in harm's way, number of other resolution, display fidelity, control-
danger to self, perceived danger to individuals in harm's way, severity display compatibility, display 
others, perceived danger to of danger complexity 
environment, perceived benefit to 
self, perceived benefit to others, 
perceived benefit to environment, 
trust in automation 

As a starting point, the following conceptual model (Figure 1) has been proposed for· further exploration and · 
· · refinement At this point in time, the relationships between variables are hypothesized, but have not been 

empirically proven. ' 

EXTRINSIC VARIABLES 

TASKIENVIRONMENT FACTORS 

RISK-TAKING 
DETERMINANTS 

INTRINSIC.VARIABLES 

Figure 1. An initial conceptual model of risk taking in teleoperation tasks. 

269 



Proceedings of the 2007 IEMS Conference 

PROPOSED METHODOLOGY 
The initial empirical approach to refining this model will be performed in two distinct phases. The first phase is 
intended to determine the extent to which risk taking behavior ( and the perception thereof) c'1anges based upon 
varying levels of personal protection worn during a simulated haz.ardous material handling tas~. The second phase 
will seek to extend the imdings of the first into the teleoperation domain. A summary of each phase is provided 
here. 

Phase One 
Phase one will consist-of two separate experiments. In the first of these experiments, participants will be asked to 
watch a video of a simulated hazardous material handling task. Three different videos have been created in which 
the only thing that varies is the level of personal protection worn by the operator during task performance. After the 
video has been shown, participants will be asked for their perception of risk involved in the task. Responses will be 
analyzed to detemiine if perception of risk changes along with personal protection level. The second experiment 
will require participants to now perform a material handling task (same as observed.in the videos), and measures of 
risk taking ( e.g., time to complete the task) will be recorded along with subjective measures of risk perception. 

In order to identify the effects of pre-existing individual differences in sensation seeking on risk-taking behavior 
(Heino et al., 1996), a battery of questionnaires will be administered to assess each individual's propensity to take 
risks. Specific questionnaires to be used include the Attitudes Toward Risk Questionnaire (Franken, Gibson, and -
Rowland, 1992) and the Danger Assessment Questionnaire developed by Zuckerman (1979). Zuckerman's 
Sensation-Seeking Scale (Form V) will also be used, which provides four subscales reflec1:ing thrill- and adve~ture
seeking, experience-seeking, disinhibition, and boredom susceptibility (Zuckerman, Eysenck, and Eysenck, 1978). 
Results of these questionnaires will be analyzed in conjunction with task performance measures to determine 
correlatio~ between risk-~g propensity and actual risk taking during the material handling task. 

Phase Two . 
Details of this phase are not as well determined at this point since they will, in part, be affected by the results of the 
first phase experiments. However, as-mentioned previously, the goal is to extend findings of phase one experiments 
into the teleoperation domain. Based on findings of the phase one experiments and an extensive literatur~ review, _ 
refinement of the conceptual model as shown in Figure 1 can begin. At the time of this writing, it is anticipated that 
one of the major factors to be studied will be operator display technology, particularly those usually associated with 
tlie concept of presence .. For instance, does an operator performing a task while in the same room as a robot take the 

_ same amount of risks as an individual operating the robot and viewing the task remotely ( e.g., on a display from 
another room)? A PIONEER 3-DXS mobile robot will be used to conduct the material handling task in this phase. 

CONCLUSION 
While risk taking has been studied for many years across several domains, risk taking during teleoperation has not 
yet been explored. As robotics are used more frequently for a variety of tasks, it would be wise to have a clearer 
understanding of the many factors that can contribute to risk taking during teleoperation. Do teleoperators take the 
same level of risk in task performance as hands-on operators? If not, why? In particular, development of a model of 
risk taking in teleoperation can serve as a guide to the systematic study of many variables that can affect task 
performance, and can be used to assist in the development of training materials or techniques for operators of these 
systems. The goal of the experiments outlined here is to provide a starting point for model development, and to 
perhaps determine a quantitative relationship between some key variables in the model, risk-taking, and 
teleoperation task performance. 
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DEVELOPMENT OF A CUSTOM GEOSPATIAL CONTROL 

Marvin Roe and Geary Layne 
Naval Research Laboratory 

ABSTRACT 
Interaction with geospatial datasets is the basis for any Geographical Information System (GIS). This paper presents 
the development of a custom geospatial control that is designed to facilitate navigation thrQugh datasets of multiple 
dimensions· while providing the operator control and awareness of the current orientation and perspective of the 
graphic rendering. The problem space this control addresses and the initial concept and design considerations are 
presented. User interaction with the control, how applications can use it to drive custom graphics rendering 
routines and examples of how it will be used in its first implementation are also discussed. 

INTRODUCTION 
Graphically rendering multiple dimension datasets and allowing the user to navigate freely through them is 
extremely computer intensive and complex to implement [Hearn and Baker, 1997]. The advantages of this type of 

. user interaction in terms of added user decision making ability and required computing resources are questionable 
under certain circumstances. In some environments, users can become disoriented and lose the context of what they 
are viewing. At the Naval Research Laboratory, the circumstances are for planning Unmanned Underwater Vehicle 
(UUV) and surface vehicle missions [Bourgeios and McDowell, 2002]. · 

Planning for missions in the underwater environment requires careful analysis of many chemical and physical 
conditi.ons that can adversely affect the outcome of the mission. One important chemical property is water salinity, 
which can be used with temperature and pressure (depth) to calculate water density. Knowing the density range of 
the water translates to knowing a buoyant force range that the vehicles should be calibrated to operate within• 
without sinking or becoming unrecoverable. Physically, water current speed and direction must also be known to be 
withiil an acceptable range for the operational limitations of the vehicle in question .. · Current speed and direction can 

• also be used to calculate estimates of energy consumption and estimated time of arrival for points along a proposed 
mission route. 

When planning for missions that consider these and other characteristics, it is beneficial to anal}'7,e all of the 
.applicable datasets for the same volume at the same time whether they have independent or combined affects on the . 
outcome. An alternative to rendering graphics for multiple data sets is to create a single union of the combined 
affects of all the data by applying thresholds to values within. and in between each dataset to evaluate the overall 
conditions for the environment. This approach is often referred to as traffic light analysis (TLA) since the results are 
usually limited to values that correspond to green (go), yellow (wait), or red (no go) [Bourgeios, Roe and Morris, 
2007]. Further processing of these results into Geospatial B~tmaps provides the added benefits ~f vector to raster 
conversion routines and high performance data comparisons between datasets [Gendron., Wischow, Trenchard, 
Lohrenz, Riedlinger, and Mehaffey, 2001]. What is needed is a user interface that controls how the results are 
displayed and works in multiple application contexts even though· it will be used here in a geospatial and temporal 
context. It should provide users a graphical means for setting the bounds for each of four dimensions and a 
simplified method for choosing the desired perspective and orientation of the application's visual display. The goal 
is to provide intuitive user interaction while requiring less complicated graphics rendering algorithms. · The 
remainder of this paper discusses the initial design and impleme~tation considerations for the 4D control that will 
meet these goals. · 

CONSTRUCTION 
The 4D control consists of a collection of components that operate together and can be configured in different ways. 
Figure 1 shows the proposed configuration with labeling of the component parts and illustrates two modes of 
operation; control and indicator. Later in the paper, alternate configurations are provided and discussed with their 
advantages and disadvantages. It is important to note that the diagrams in this paper are put together to illustrate 
basic functionality and do not necessarily reflect the actual visual styling or the relative size ratios that will be 
developed in the final product. With our goal for the control to be as unobtrusive as possible, the graphics rendering· 
of the control will include transparency and the siz.es of components will be as small and/or thin as possible without 
losing their effectiveness. Regardless of the configuration, the 4D control provides the connection between what the 
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user wants and the application needs to know in order to present the results as either 2D or 3D renderings in the 
graphics window. The next sections define the coi:riponent parts, how they interact with each other and describe the 
different modes of the proposed configuration. 

Interface and ·operation 
The components shown in the diagrams in Figure I will be connected to application code through a single interface. 
All event processing and property setting will be done through this interface to simplify its integration. Since 
interacting with different components of the system can generate the same event signals, for example changing 
perspective, the single -interface will be designed to handle synchronization of the constituent parts. This is also 
important since interaction with one component may require other components to change their state and property 
settings can affect more than one component. Applications that implement this solution would instantiate each of 
the component p~ to be used, add them to their layout scheme, and register them with the 4D interface controller. 

The first of the two operational modes for the proposed configuration is the control inode, shown in Figure la, 
which is enabled when the user moves the mouse over the top right area of the graphics window. The control mode 
provides a magnified view of the control with the most information about the currently selected perspective. It also 
allows the user to interact with a 3D Selector Box and a 4th D Slider, each described in the following sections. The 
second operational mode is the indictor mode (Figure lb), which presents a simplified graphical rendering of the 3D 
Selector Box to provide the user's perspective at a glance. The indicator mode is enabled, or more correctly, the 
control mode is disabled ·whe~ the user's mouse is moved away from the top right area of the graphics window. The 
Data Cube and 4th D Slider are hidden and the 3D Selector Box is reduced in size and tucked up into the comer in 
indicator mod~ to provide maximum viewing of the data being rendered in the graphics window. · 

Component Parts . 
The components of the 4D control work together to provide key functionality to the user. The components provide 
users the ability to choose how they want tp observe data in a 4D environment and help them maintain an 
understanding of their frame of reference and orientation at a glance. 

The first component is the Data Cube shown in Figure la. The Data Cube is a thin wire frame that represents the 
full range of data available to navigate in the x, y and z dimensions. The size of this component is to be set by the 
application and will allow user interaction in the first release of the 4D control. The application has the 
responsibility of communicating the context and extent of the data being analyzed by the user. Finally, the Data 

_ Cube provides a boundary frame of reference for sizing and.positioning the Selector Box. 

~ - >~ . . '' j 

-4 

+--Navigation Buttons ________ ....,. 

l 
a. Control b. Indicator 

Figure I - 4D control and modes 

The Selector Box is an interactive wire frame that provides four major functions to the user. First, the Selector Box 
can be used to set the size of the volume of data to be rendered in the graphics window. Secondly, the position of 
the Selector Box within the Data Cube can be set to determine exactly which volume of data will be rendered. The 
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third and fourth functionalities are the ability to choose the perspective and rotation of the data to be rendered in the 
graphics window. 

The next component is dedicated to control of the 4th dimension. The 4th D Slider provides the basic position 
selection capability with two important additional capabilities. The first of these is the ability to stretch the sliding 
m~er to cover a section, or period if considering time, of the representative data. The second is the ability for the 
application to dynamically set a color pallet of multiple, layered data values. When used to evaluate time based 
data, the 4th D Slider combines and extends the ideas of progress bars, data sliders, and data layers by allowing 
indication o_f more than one condition and by allowing an adjustment for the amount, or window, of composite data 
to be viewed. 

The final component is a set o(Navigation Buttons that are linked together programmatically and symbolically to 
the Selector Box. The Navigation Buttons provide convenient access to traversing adjacent sides or perspectives 
from the currently chosen view. The Navigation Buttons in the proposed configuration are aligned as borders to the 
view and are color coordinated to align with the orientation of the current view. The colors of the top, bottom, left 
and right buttons correspond to the frame edges highlighted on the Selector Box with the bottom button color being 
different to signify the bottom edge o_f th~ graphics perspective. 

SELECTOR BOX OPERATION 
Indicating Perspective and Orientation 
The key to helping the user understand the perspective and orientation of the data they are working with is the 
Selector Box. The Selector Box provides six sides with each side having four possible rotations. This allows twenty 
four perspective views into the volume of data defined by the Selector Box. The only exception is when the Selector 
box is being used as a single _data slice as shown in Figure 2a and 2b. In this case, there are 8 views when you 
consider viewing from the front and back of the single data slice and count the rotations for each perspective. To 
assist further discussion of the Selector Box, each side of the box is label_ed as follows; T for the top, B for the 
bottom, L for the left, R for the right, F for the front and A for the aft. Figure 2 uses this labeling scheme to display 
some.examples of how perspective and orientation are related between the Selector Box and the graphics rendering 

· ·window . 

... 

-• . . 

a. Top Side b. Left Side c. Front Side 
(rotated counter clockwise) 

Figure 2 - Indication of perspective and orientation. 

Figure 2a shows the Selector Box with the top side labeled and an example of how the graphics window would 
orient its rendering of the data chosen. The diagram shows the top side of the Selector Box being highlighted with 
the wire frame edge under the T set to the same color as the bottom Navigation button located under the graphics 
rendering window as described in the section on component parts. Another way of looking at the uniquely colored 
edge on the highlighted side of the Selector Box is as a "chin up" bar where the user imagines looking into the 
Selector Box from that side while placing their chin on the bar that is colored the same as the bottom Navigation 
button. Figure 2b continues this example by showing how the application would orient the graphics when the left · 
side of the Selector Box is chosen and the bottom edge is the reference bar. The final example given in Figure 2c 
shows the front side chosen and includes one rotation counter clockwise from the upright position. The prototype of 
the 4D control will not include full support for graphics on the Selector Box like th~ labels on the chosen side. 
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However, later versions will include the ability for an application to send a picture to be used as a thumbnail 
example of what is being projected in the graphics·window. Combining the ability to communicate perspective and 
orientation with the ability to resize and reposition, the Selector Box gives ~ers a very flexible tool for exploring 
and analyzing data. The next sections discuss how to interact with the Selector Box to _pick the desired perspective 
and orientation and change its size and position. · 

Choosing Perspective and ·Orientation 
Now that a description of how the Selector Box indicates perspective and orientation has been given, how the user 
interacts to select or change them is presented. In order to keep the operation simple and intuitive, the design aimed 
to keep a consistent user interaction and to use as few mouse and keyboard acti_ons as possible to g~t the job done. 
The resultant design is based on the fact that each edge within the wire frame is part of two adjacent sides of the 
box. lfin its simplest form each edge of the wire frame is drawn with a line width of2 pixels, each side of the line 
(I pixel each) could represent the side of the box closest to it. This basic idea of halving each edge down the middle 
can then be adjusted as needed for scaling, aesthetics and ease of operation. 

To keep user effort to a minim~ the design considers that anytime the user has the mouse over the control they are 
contemplating a change. By tracking the mouse position and keeping a reference of where each edge of the wire 
frame is drawn, the Selector Box can highlight the side of interest when the mouse is hovering over any part of the 
edge that relates to an adjacent side. This only happens when the mouse is over the wire frame drawing since the 
open areas inside the wire frame potentially represent either of two sides. To assist the selection process, the 
Selector Box highlights the particular edge that the mouse is over slightly different than the rest of the proposed side 
to indicate that it will become the new "chin" bar that coincides with the bottom Navigation Button. Figure 3a 
shows this highlighting when the user hover's the mouse over the left edge of the right side. Figure 3b shows the 
highlighting if the user then moves the mouse to hover over the other half of the same edge of the Selector Box. 
Now the possible selection is the front side of the box with the "chin" bar being on the right. No selection is 
actually made until the left mouse button is clicked, or pressed and released over the same pixel. Once clicked, a 
signal is sent to the application to u¢ate its graphics window and the Selector Box updates its indication of the new 
perspective and orientation as shown in Figure 3c. 

a. Hover right side b. Hover front side c. Click front side d. Drag to resize or move 

Figure 3 - Selector Box Mouse Interactions 

The final functionality provided is available when a user presses down the left mouse button but then decides ~at · 
they don't want that choice, they can press and hold down the right mouse button while releasing the left mouse 
button to cancel the choice. This feature aids .performance since choosing a new perspective and orientation could 
take time depending on the amount of data ~hosen and the nature of the graphical rendering. All of the functionality 
available through mouse interaction will also be available to application developers through the 4D control interface 
to allow the creation of-custom mteraction. Now that orientation is over, the next section discusses how these 
interactions are expanded to allow users to resize and position the Selector Box. 

Resizing and Repositioning 
The design of the mechanism for resizing and positioning is a continuation of the approach taken to allow the 
selection of perspective and rotation. For resizing and moving the Selector Box, the user indicates which direction 
to adjust by hovering the mouse over the edge of the side that, when moved, would stretch or shrink the box in the 
desired direction. For resizing, the user then presses the left mouse button down and drags in the desired direction 
as shown in Figure 3d. As the Selector Box is being resized, it will be rendered as a simple line drawing to allow 
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precise adjustment. The diagram shows a mix of the simple line drawing and the normal rendering for illustrative 
purposes. When the left mouse button is released, the new size of the Selector Box is set and the rendering returns 
to normal. To move the Selector box instead of resizing it, the user will hold the shift key down while dragging the 
mouse. The user can also cancel each of these actions by pressing the right mouse button prior to letting up the left 
mouse button. Another available approach to adjustment is to let the application prompt the user for values that 
translate to the desired size and position and then update the settings through the controls API. The next section 
presents examples of how these functionalities can be used while analyzing data. 

Data Volume Selection 
The functionality to resize and move the Selector Box can be useful in many ways while analyzing the data. One 
example is shown in Figure 4a where the Selector Box has been resized to represent a single 2D plane that can be 
used to view a single slice thro.ugh the volume. Notice that the "chin" bar is on the aft side of the box. Further 
analysis of the volume can be performed by moving, or sliding, the single plane along the x axis to review the data 
one step at a time. Figure 4b shows how this same functionality could be used to res1.ze the Selector Box to look at 
single data slices along the y axis, here showing the "chin" bar at the bottom of the frame. While the diagrams have 
shown analyzing the data as a single 2D slice, the Selector Box could be set to any depth. Figure 4c shows an 
example of a slice that extends to the entire range of the x and y directions and bas some depth of more than a single 

· plane in the z direction. The orientation of the view is as though the user is lying on their back under the Data Cube 
looking up into the box with their feet stretched out to the right of the page. This approach to using the Selector Box 
could be used to step through the volume in a similar way as the single data plane examples . . One way to look at the 
difference here is that the display window would be showing a composite of how all of the currently selected single 
planes within the range of the Selector Box would appear overlaid in a drawing of either 2D or 3D perspective. 
Another example use for resizing and moving the Selector Box is for identifying the extent of some phenomenon in 
the volume of data. The Selector Box could be resized to frame the data of interest and then the application could 
provide a way for the user to signal that this should be the new extent of the Data Cube, in effect zooming in to 
allow further exploration of the phenomenon. 

a. Single x 2D data plane b. Single y 2D data plane 

Figure 4 - Data Slice Examples 

c. Composit~ z 3D data slice 

Use of the Data Cube and the Selector Box is intended to be dynamic so that applications can use them in many 
contexts. Examples of how the user can set the size and position of the Selector Box and also influence the range 
that the Data Cube represents have been given. Another use could be where the application is driving the size and 
position of both the Data Cube and the Selector Box. An examp~e of this use would be where the application is 
using the Selector Box as a 3D buffer of some size centered on the current position of an underwater vessel as it is 
moving through a simulated ot real-time monitoring exercise. 

A final consideration is a tiered configuration that integrates more than one 4D control to communicate what the 
range of the data will be and how it will be displayed. This example would be very useful in contexts such as 
mission planning where the dataset can be very large when considering the entire geospatial and temporal range of a 
mission and the number of environmental datasets needed for analysis and planning. For this example, the 

. application would use two 4D controls where the first instance would represent the entire scope of the mission. This 
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first 4D control would act as a query mechanism to allow the user to tell the application what data to load into 
memory, whether from a local file or remote database. To accomplish this, the user would set the size and position 
of the Selector Box and possibly the· 4th D. Slider, choose the initial perspective and orientatiQn, indicate which 
dataset(s) to g~t and then signal the application to retrieve that set of data. ·0nce the request is.loaded by the 
application, the user can analyz.e the results using the second 4D control. 

4th D SLIDER OPERATION 
The ability to adjust the forth dimension is provided by th-e 4th D Slider. The 4th D Slider presents a way to compare 
a time series of datasets or relationships between multiple datasets.that are not related by time. Similar to the 
Selector Box, the 4th D Slider provides several convenient ways to analyze data as discussed in the next sections. 

Data Range Selection 
The first, and most basic functionality provided is shown in Figure _5a where the slider can be used to move along 
the range of data while looking at one value at a time. In addition to selecting one data value at a time, the slider 

. allows setting a range .of values to be selected. Setting or changing the range represented by the slider is done in a 
similar fashion as for the Selector Box. This can be useful for evaluating a subset or the entire range of data. 
represented by the slider. Figure 5b shows the mouse hovering over the .right side of the slider which the user can 
then press down the left mous~ button and drag the mouse to stretch or resize the slider as shown in Figure 5c. This 
same operation can be done to the left side of the slider. Figure 5d shows the mouse being place anywhere over the 
center box where, same as the Selector Box, the left mouse button can be pressed and dragged to reposition the 
slider. 

a. Single Increment b. Select resiz.e c. Drag to resize d. Selecting position 

Figure 5 - 4th D Slider 

Slider Indicator 
The 4 th DSlider can be used not only to indicate the size of the subset and which subset of values is selected but also 

. to provi~e an indication of where certain types of data are located within the dataset. To accomplish this, the 4th D 
Slider will allow the application to set a color pallet and the range and/or ranges of values that the color applies to. 
The application will also be able to set the draw order or layering of the different colors. This allows the application 
to highlight various conditions at positions along the length of the slider. This feature can be used to help guide the 
user to what they want to see and to help them see patterns in the conditions represented by the data. 

This would be useful to mission planning contexts where the application could indicate daytime and nighttime and 
include the highlighting of dangerous conditions as shown in Figure 5d. The longer sections of light and dark along 
the slider range could represent daytime and nighttime and the three bars over the light section on the right half of 
the slider could represent anything from tidal surges to times of high shipping traffic. It is important to note that if 
the conditions are dangerous over the entire length of time represented by the slider and the color indication is set as 
the top layer, the entire slider would be highlighted one color. During continued design and developmental testing, 
several approaches to allowing the application to set the vertical height of each color indication will be evaluated to 
help in these types of situations. · · 

ALTERNATE CONFIGURATIONS 
This paper has presented the operation of this control mostly from the point of view _of a proposed configuration. 
However, one of the design goals is to create a set of components that can be used in dynamic ways to fit the needs 
of the application using them. As discussed at the end of the section on data volume selection, other configurations 
are supported since each will have advantages and disadvantages under different circumstances. The proposed 
configuration presents a convenient way to access the functionality of the 4D control and leaves most of the window 
real estate available for drawing graphics. A disadvantage is when the user has selected the volume of interest with 
the Selector Box and then wants to use the 4th D Slider to pan the data. The user would have to enable the control 
mode by moving the mouse over the control which would hinder viewing the graphic display while operating the 
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slider and having to look past the magnified set of components on top of the window. Figure 6a shows a slightly 
modified configuration where the 4th D Slider has been located under the bottom navigation button. This way the 
user can pan with a less obstructed view. This configuration still includes the control mode which operates the same 
except for the new location of the 4th D Slider. While this is a better configuration in some senses, there still could 
be an issue of having the control overlaying the graphics window. If the application provides mouse interaction with 
~e graphics window there could be complications when determining if mouse actions around the 4th D Control are 
intended for the control or for the graphics window. A possible solution for this is shown in Figure 6b where the 
controls have been separated out to the side. The application could also place these controls in a floating or tool box 
window. 

·• 

a. Separate 4 D Slider 

Other 
Controls 

:• 

Graphics 
~endering 

b. Separate View Window 

Figure 6 - Alternate Configurations 

SUMMARY 
The flexibility of the 4D control components gives users _a simple, intuitive, and flexible means of exploring and 
analyzing 3D and 4D data. The wire frame design provides an easy, to render user interface solution and lends itself 
to being less obtrusive when used as an overlaid control. Limiting the user's ability to set perspective _and 
· orientation to the natural internal storage and access mechanisms of computers simplifies graphics rendering 
routines. This also provides flexible access to explore the data and a way to help the user maintain an understanding 
of the perspective and orientation. The alignment of the data with the control allows the Selector Box perspective, 
rotation, size and position to translate easily to the index bounds and order of traversal through an internal array for 
raster data. The design and flexibility of the user and application interfaces will support a wide range of 
confi~ons. 

FUTURE WORK 
The next steps for the development of the 4D Control include completing the functional analysis. Included in this 
analysis is the possibility of managing multiple Selector Boxes within the same Data Cube and bow to provide 
interaction with the user. · Also to be considered is ·the ability to draw data points within the Data Cube to represent 
vessel positions or other data. Another operational feature to be finalized is bow the application will visually present 
indicator colors on the 4th D slider for simultaneously occurring conditions. To provide additional functionality, bot 
keys, bot points and other actions may be added to achieve helpful actions such-as centering the Selector Box within 
the Data Cube, maximizing the Selector Box within the Data Cube and others. 

Once defined, all of the features will be converted into the software design for the prototype of the 4D Control. One 
of the goals of development is to have a set of components that can be used cross platform and within standard 
Microsoft Windows TM development environments that implement the Component Object Model (COM) paradigm 
[5]. One possibility is to use Trolltecb's Qt TM development suite [6]. This would give the control cross platform 
capability and might provide extra flexibility through the use ofQt's ActiveX wrapper module. Once all design and 
implementation issues have been ironed out, the prototype will be developed and tested to determine ease of · 
application integration, ease of operation for users, and the performance of the 4D control when an application is 
using it to guide the rendering datasets of different types and sizes. 
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EFFECTS OF OPTIMAL DISPLAY POSITION OF A VISUAL IN-VEIDCLE TASK 
ON SIMULATED DRIVING SCENARIOS 

Davide Fusco and Mohammad T. Khasawneh 
State University of New York at Binghamton 

ABSTRACT 
In the past decade, the advent of portable, computer navigation systems into automobiles h~ changed the way many 
people drive. Whether it be an accessory bundle from the factory, or self-installed, the location and size of 
navigation screens vary significantly from manufacturer to manufacturer. Some studies have tackled the issue of 
trying to determine (experimentally) an optimal range of physical location for a navigation screen in the cockpit of a 
typical, modem automobile. To determine the relative safety of optimal onboard display positions while driving, 
participants performed a driving task while given verbal driving instructions in a stationary driving simulator. 
Included in the cockpit of the driving simulator was a screen placed in different locations and a stationary keypad 
used to interact with the input given by the simulated secondary task, which was used to mimic the information that 
could· be displayed by a typical navigation system. Concomitantly, subjects reacted to traffic in a virtual 

. environment based on the given verbal directions to be followed, with legal maneuvers left to their discretion. A 
secondary task was projected onto a display or displayed on a screen at one of three different locations in the 
cockpit Subjects were instructed to drive and perform the secondary task to the best of their ability. Subjective 
rating scales for mental workload, specifically NASA-TLX, and the Simulator Sickness Questionnaire were used 
during the study. The results showed that the manipulation of display information during driving disturbed drivers' 
performance as a function of the distance between the line of sight to the outside primary task and the onboard 
display position. Eccentricity had a greater detrimental effect than horizontal distance. Subjective workload 
measures complement the behavioral data of clear detrimental effects with eccentricities greater than 30 degrees. No 
significant symptoms from simulator sickness were encountered during or after the experiment. 

INTRODUCTION 
For many automobile manufacturers, the way information is presented inside a passenger vehicle is a variable of 
interest. In addition to the conventional' information on the dashboard, new technology has been entering the car 
cockpit at a high rate in the past decade, such as navigation systems, collision warning systems, and infrared 
pedestrian warning systems. This technology was invented to support the driver in his or her decision making and 
_overall, to make traveling by car safer. However, this additional amount of information can also tax the driver's 
processing capabilities (Wikman et al., 1998; van der Horst, 2004). Paying attention to an onboard secondary task in 
simulated driving, for example, negatively affects driving, as subjects perform with greater variability in lateral lane 
position and depart more frequently from their lane {Tsimhoni and Green, 2001 ). 

When a specific secondary task comes into play, however, the time dedicated to the primary task (i.e., watching the 
outside road) reduces substantially, visual attention is shared between the primary road task and ·the onboard task, 
such as dialing a mobile phone, switching channels of the radio or looking for a route on a navigation system. In an 
experimental driving condition in which drivers had to follow a route on a navigation system, the amount of time 
that was spent watching the road was reduced to 76% as compared to 92% without the navigation display 
(Fairclough and Matemaghan, 1993). In a recent study on glance behavior in dri-vers, who had to enter destinations 
into a navigation system while driving on urban streets and motorways, the fixation time and the percentage of 
fixations on the secondary task exceeded the duration and the percentage of fixations on the road scene during the 
entry period of30--40 seconds (Chiang et al., 2004). This result corroborates findings that the drivers' glance 
durations while actively manipulating an onboard task exceeds 50% of the driving time (Wikman et al., 1998). 

Guidelines on where visual displays should be located inside passenger motor vehicles reflect research findings. The 
guideline for in-vehicle display systems of the Japanese Automobile Manufacturers Association (JAMA, 2004) 
states that "a display system shall be located at a position that can provide a sufficient visibility of the forward field 
even when the driver is looking at the screen''. Similar advices are found in the Alliance of Automobile 
Manufacturers {AAM, 2002) Principle 1.4, stating that "a visual display should be placed high on the instrument 
panel towards the driver's side of the central console". Both, JAMA (2004) and AAM (2002), recommend explicitly 
that a display should be mounted in a position where the downward viewing angle is below 30 degrees at the 
geometric center of display. 
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From research findings ( e.g., Frost and Poppel, 1976), two essential borders can be identified that constrain 
sensorimotor processing in vision: (l) a border at approximately 10 degrees eccentricity whic~ marks the area in 
which eye mov~ments can be executed most efficiently and (2) a border at 25 degrees for the ve~cal meridian and 
3 5 degrees for the horizontal meridian mark tlie area in which peripheral information can be detected most 
accurately. Besides these constraints of sensitivity in the visual field, cognitive workload demands also influence 
detection and discrimination capacities of the visual field. · 

The aim of this study was therefore to further understand the effect of location and eccentricity of an information
bearing display on driving performance in relation to different levels of mental workload. Participants were seated in 
the mockup of a car and performed simulated driving on a computerized road scene that was projected onto three 
plasma television s.qeens in front of the driver. The primary task was to follow the verbal directions with the use of 
the steering wheel, gas pedal, and brake pedal. The secondary task was projected onto a display at one of three 
different locations in the cockpit with a relatively high task load. · · 

In general, it was hypothesized that greater horizontal eccentricities of the secondary-task display (greater angle 
from zero, or driver eyesight being straight ahead) ·would show detrimental effects on the performance on the 
primary task. It was predicted that this detrimental effect would be stronger in the inclement weather condition as 
vehicle dynamics would vary in the primary task. In addition, assessing _which of the three display positions would · 
be evaluated as being the least .distracting for the driver would show different effects for locations on the horizontal 
plane. Overall, the intention to relate this study to the aforementioned principles of safety guidelines and to .the . 
aforementioneq research done (Wittmann et al.; 2005) to uncover which of three positions of the secondary task ( one 
of which deemed seemingly optimal (Wittmann et al., 2005)) in the car was appropriate (and safe) to display 
information .without endangering the driver's safety. Another complimentary point was to assess driver's sensitivity 
to simulator sickness based on changing secondary task display location and (virtual) environmental conditions. 

RESEARCH METHODOLOGY 
As stated earlier, the objective of this experiment was to note the difference (if any) between the three positions for a 
display of which, one was deemed "safe" in the literature (Wittmann et al., 2005), and put subjects to the test of a 
more realistic primary task like the environment in the driving simulator. The major differences between this 
experiment and that of Wittmann et al. (2005) are the ability to vary the following parameters in the driving 
simulator ~nvironment: meteorological conditions, urban setting, and traffic density. 

The secondary task undertaken by the subjects in this study was a version of the very popular videogame TETRIS, 
set at a slow to moderate speed. This was chosen as a secondary task because of its ease of interaction and 
familiarity that all subjects had with the game. The free version of the game used in the study is available on the 
world-wide web (NEAVE, 2006). The 3 positions of the in-vehicle display (secondary task) are shown in Figure 1. 
Subjects were given the use of a numeric keypad with "up", "down", "left", and "right" arrows to play TETRIS, at 

· an intermediate (beginner/slow) level (see Figure 2). This slow level was intended to mimic.possible demand on the 
driver from an in-vehicle display, such as a OPS/navigation system or input to CD/DVD commands; many of which 
require manual input of a destination. 

Participants underwent six 5-minute drives to go through all experimental conditions (2xlx3): 2 driving conditions 
(clear vs. rain), 1 readout condition (secondary task), and 3 display positions (S-1, S-2, & S-3). The horizontal angle 
at which the secondary display was positioned was as follows: S-1: 30°, S-2: 32.5°, S-3: 42°. All three scenarios 
were run with the "urban environment" and "police car'' setting on the simulator, while being asked to follow verbal 
directions in order to get from origin to destination in the virtual environment. The same directions were given for 
all six runs, while the secondary task was randomized (i.e., every single drive had a completely different order of 
desc~nding blocks for every new TETRIS game). Certain modifications needed to be made to the physical setup of 
the simulator in order to accommodate the display for the secondary task ( data projector, laptop and keypad). 

The dependent variables for this study were subjective data in the form of the ratings scales for NASA-TLX (Hart & 
Staveland, 1988) and Simulator Sickness Surveys (Kennedy et al., 1993). The factors that remained unvaried for all . 
six driving tasks were: driving scenario, driving dynamics (force feedback), level of difficulty of the secondary task, 
and the directions given and person giving the directions. 
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Figure I. Driving scenarios S-1, S-2, and S-3, respectively. 
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Figure 2. A screenshot of the TETRIS game (NEAVE, 2006). 

Participants 
.. Six participants ( 5 male and l female) between the ages of 21 and 24 participated in the experiment. All possessed a 

driving license (mean: 4 years), and drove a car ( on average) at least 2000 miles/year. 

Apparatus 
_Advanced Mobile Operations Simulator (AMOS IQ, a driving simulator in the Binghamton University's Man
Machine Systems Lab was used for this experiment (Figures land 3). The visual system of the simulator consists of 
three channels; each channel is a separate display generating the computer graphics image with its own PC. Three 36 
inch monitors provide 225 degrees of panoramic field of view. The central channel hosts the driver's vehicle 
dynamics software and it serves as the router for the side channels. The two side channels are used as image 
generators to extend the field of view that would otherwise be limited by the size of a single monitor. The simulator 
represents an emergency vehicle cabin with the controls as ofa real car: steering wheel, column·mounted automatic 
transmission shifter, ignition switch, communication device, and two pedals (acceh~rator & brake). The driver's seat 
can rotate 180 degrees in order to facilitate entrance and egress. The two methods of projecting the secondary task 
were: Data Projector onto a 12" x 12" backing for S-1 and a Dell~ laptop (12" x 12" LCD screen) for S-2 & S-3. 

Setup 
Subjects followed verbal directions and were obliged to follow (at his/her discretion) safe driving procedures while 
getting from origin to destination as expeditiously as possible wliile playing TETRIS to the best of his/her ability. A 
secondary (scanning) task was projected onto an LCD screen (S-2 & S-3) and projected onto panel (S-1) with data 
projector, (Figure 1 ). If the subject crashed between O and 60 seconds into the run, the setup was re-started. Once 
one subject was done with a drive, he/she was told to step aside into a comer of the laboratory and fill out the 
NASA-TLX and Simulator Sickness forms and wait his/her turn without viewing, hearing, or disturbing the other 
subjects. Two groups of three subjects were put through all the six driving scenarios. Due to time constraint and 
nature of the very different setups of displays for all 3 scenarios, subjects were asked to relax for approximately five 
minutes between drives and l 0--15 minutes between scenario changes. All six scenarios involved the same 
environment, with the only change being the addition of virtual rain for each of three positions. 

283 



Proceedings of the 2007 IEMS Conference 

Figure 3. Advanced Mobile Operations Simulator (AMOS II). 

Tasks 
The task consisted of two different (virtual) meteorological driving conditions: I) Clear condition, where subjects 
were instructed to focus both on ~e primary and secondary task, and 2) Rain condition, where subjects ~~re 
instructed to focus both on the primary and secondary task. In addition,-prior to driving, subjects were advised that 
vehicle dynamics would change (much akin) to the real world under the new meteorological condition. As 
mentioned previously, the secondary task read<;>ut (Figure 2) was set. at a medium difficulty level for the TETRIS 
game. 

Questionnaires 
The two questionnaires that were administered as part of this research are as follows: I) NASA Task Load Index 
(TLX), which includes mental demand, physical demand, temporal demand, performance, effort, and frustration. 
Each level is rated by the individual subject as part of the overall workload. An 18 point scale is used with 0 
representing None/Good through 18 representing High/Poor; and 2) Simulator Sickness Questionnaire (SSQ), which 
includes general discomfort, fatigue, headache, eyestrain, difficulty focusing, fullness of head, blurred vision, dizzy 
(eyes open), dizzy (eyes closed), difficulty concentrating, increased salivation, sweating, nausea, vertigo, _stomach 
awareness, and burping. Each level is rated by the individual on a four-point Likert scale after each run in the 
simul~tor, with O representing None and 4 representing Severe. 

RESULTS 
From Figure 4, it is clear that ( on average) for all three display positions the mean value of difficulty was higher for 
the rain condition. Also, one can note that the display position that was the least demanding on subjects was display 
position S-2. This also happens to be one of three positions deemed safest by Wittmann et al., (2005). The second 
least demanding display position was S-3, followed by the most demanding being S-1. An immediate interesting 

· trend found was how all subjects (independent of which group they were in), on average, rated the NASA-TLX 
demands as closer to equal between clear and rain conditions as they progressed form S-1 to S-3 (see Table I). This 
could mostly likely be due to the fact that participants quickly overcome the learning curve as well as the added 
familiarity gained with the simulator as the study progressed. Figures 5, 6, and 7 show the average simulator 
sickness symptoms for display positions, I, 2, and 3, respectively. 

Table I. NASA TLX: Com arison of mean values for S-1, S-2, and S-3. 

~· S-2 ~3 
Hi Hi er for Rain Weather 

Ph sical Demand ual E ual 
Tem oral Demand 

Performance ual ual 
Effort ual ual Hi 

Frustration 
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Figure 4. NASA TLX: Mean values for S-1, S-2, and S-3 (None/Good = O; High/Poor= 18). 
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Figure 5. Average Simulator Sickness Symptoms: severity comparison for S-1. 
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Figure 6. Average Simulator Sickness Symptoms: severity comparison for S-2. 
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Figure 7. Average Simulator Sickness Symptoms: severity comparison for S-3. 

DISCUSSION, CONCLUSIONS, AND FUTURE WORK 
While the results of the study do correlate with the expected results, some points to take into consideration are the 
fact that the pair-wise comparison part of the NASA TLX worksheet was omitted, due to time constraints. Also,. the 
direction given to subjects was constant; most subjects learned the directions and soon their primary task difficulty 
lowered, allowing most to progress through driving with more ease. It is also important to point out the fact that the 
steps taken (or each driver was ~e same. In essence, each driver drove S-1 Clear, S-1 Rain, followed by S-2 Clear, 
S-2 Rain, followed by S-3 Clear, S-3 Rain. It can be seen in the data that while S-1 's position was almost identical to 
S-2, the rating given for S-1 were higher mQst likely due to the fact that all subjects were starting their experience 
with the simulator in the S-1 display positioi and that it was located to the left of the driver which to many drivers 
(in countries that have left side drive) results unorthodox to have controls or displays on the left side. · 

The simulaied primary task in this study is very similar to a primary task demand in real life. One must consider the 
fact that, because of equipment restrictions, the secondary display was l 2"x 12", whereas in real life most in-car 
displays are at most 6"x6~'. Future work could lend itself to incorporating displays that are identical to the ones used 
by an automobile manufacturer and incorporate software that mimics exactly the same demands that it might have in 
real driving. Another extension on the work could be to include more participants and utilize web-based 
questionnaires which can be easily managed and stored in a database. 

Much akin to other researchers' findings, it is clear that more research has to be performed just around the transition 
point front safety to non-safety. It may be closer to 30 degrees, as the guidelines suggest, or closer to 25 degrees, as 

. the size of the visual field would suggest. A border between 25 and 30 degrees could probably be defined as the 
cutoff line. No significant symptoms were verified immediately or even 24 hours after driving in the simulator by 
any of the subjects. This could likely be due to the greater exposure to video game entertainment systems that have 
been used by many people of the age group studied and therefore the subjects could handle the virtual environment 
with relative ease. The only symptom identified by drivers that showed a constant growing trend from S-1, to S-2, to 
S-3 was fatigue, which most would expect to find as a result without necessarily having statistical proof. · 
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: A PRELIMINARY AIRCRAFf INSTRUMENTATION USABILITY STUDY 

Paul Pronti, Donnie Jenner, Misawa Mokoto, and Mohammad T. Khasawneh 
State University of New York at Binghamton , 

ABSTRACT 
The study of aircraft instrumentation is a critical area because pilots have to read flight-data, process and"analyze 
that information, and make response actions in a variety of situations during a flight. Therefore, it is very important 
for designers of these instruments to take into account both the abilities and limitation of humans in performing such 
a task. Over the years, research has shown that ensuring the usability of the aircraft instruments is crucial to 
minimizing pilot error. The objective of this study was therefore to compare theusability of two different kinds of 
aircraft instrumentation clusters, namely the glass-cockpit and the traditional analog display. Based on the outcomes 
of the experiment, the results will be used to provide basic design recommendations for the ''next generation'' 
instrumentation. The results showed that the glass cockpit allowed more efficient readings during difficult tasks. 
However, the traditional analog instrumentation allowed subjects to acquire a more relative situational awareness to 
be able to identify how quickly a flight parameter is changing: The new instrumentation was based primarily on the 
glass cockpit. , 

INTRODUCTION 
The ·study of aircraft instrumentation is important because pilots have to read flight-data instrumentation in any . 
situation during a flight. Intuitive instruments allow a pilot to more readily acquire flight data, which can atlow more 
attention to be focused on the control of the aircraft during times of elevated task-loading· and stress levels. Overall, 
there are two kinds of instrumentation used in modem aircraft. The first style studied is the traditional 
instrumentation cluster wherein• almost all instruments are analog dial-indicators. This cluster is widely used in older 
or less-costly aircraft ( e.g., the simulated Cessna cockpit). The more contemporary and costly option is the glass
cockpit - as found in the Boeing simulated cockpit. The glass cockpit is a computerized display consisting primarily 
of digital indicators, though sometimes, simulated analog indicators are incorporated (Wikipedia, 2007). Other 
design considerations include the clustering of these indicators, as it is typical that several indicators (the altimeter, 
airspeed indicator, and attitude indicator) are clustered in one display. 

It is presumed that since the glass cockpit is a relatively new instrument cluster, it is likely that the design is already 
based on cognitive human factors studies (e.g., Wiener, 1989), that through its development, more intuitive 
instrumenµltion has reduced training time and improved usability. The purpose of this study is to test this 
assumption by evaluating the intuitiveness and usability of the above mentioned instrument clusters and, ultimately, 
offer suggestions for further improvements on the design. 

METHODOLOGY 
Subiects 

· Seven undergraduates of age 18 through _23 ( 4 males and 3 females) voluntary participated in this experiment. 

Materials and apparatus 
Two IBM compatible computers, one CH Products Flight Sim Yoke, Microsoft® Fight Simulator 2004, and a digital 
camcorder were utilized for the experiment. One computer was used to run the simulation software with the subject 
interfacing the simulation experience with the yoke flight control and a standard monitor display. The camcorder 
was used to record both video and audio footage . . The video record was from the second computer's display, which 
utilizes the "Instructors Station" feature of the simulation software to display the fight data. The audio record 
included the researchers' requests for specific flight-data readings and the subjects' verbal responses to the 
researchers' queues. 

Pre-study procedure 
First, each subject was required to fill out a pre-study questionnaire. Prerequisite requirements for subjects for this 
study include being able to accurately read dial-indicators. However, the subjects must have no or very little 
experience with flight simulators, real aircraft, or any other flight related issues related to cockpit instrumentation. 
These requirements ensure minimal data biasing resulting from a preexisting understanding of flight 
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instrumentation. The subjects who conformed to these requirements passed the pre-study screening and were 
allowed to participate in the study. 

Each subject was allowed an hour of time to ''play" with and familiarize themselves with the flight simulator. For a 
half-hour, each subject was given instruction on how to control the aircraft. Each subject was taken through an 
entire flight of an aircraft to become familiar with the task-procedures and maneuvers that will eventually become 
one independent variable for the purpose of this study. Additionally, the allowed familiarity/training time was 
offered with two aircraft (i.e., Mooney and Learjet) that were different than those that were used in the experiment 
(i.e., Cessna and Boeing), yet each have instrum~ntation clusters that were relatively similar to those used in the 
study only fo the extent that one of the craft will utilize a version of the glass cockpit, and the other, traditional 
instrumentation. This allows the subjects to familiarize themselves with the two different instrumentation types, yet 
will not allow them to become prematurely familiar with the specific instrumentation clusters seen during the tasks, 
the primary design consideration of this study, and biasing the data. Any questions about the operation of the aircraft 
were answered and reasonable assistance in using the program was offered to the pilots during this instruction time. 
As the instrument clusters were the primary focus for the design improvements resultant from this study, they were 
the other independent variable considered. 

• Study Procedure 
At the time of the study, to allow familiarization with than aircrafts' cockpit and to ensure uni(orm instruction, the 
subjects were shown a labeled, pictorial display of the cockpits of study and were concurrently given an oral 
description of the layout of the cockpits. Instruction on how to collect flight data from the instrumentation clusters 
was also offered. This allows familiariz.ation with the study's primary independent variable. Examples of the 
pictorial information are shown in Figures I and 2. 

Figure I. Cessna with traditional instrumentation. Figure 2. B9eing with glass cockpit. 

Each subject was then randomly given one of six "task" sheets, each describing specific instruction of the task to be 
accomplished and outlines operating parameters of.the aircraft piloted during the task. Task I is a take-off and 
climb task. Task 2 is a bank and descend task. Task 3 is a landing task. The subjects were given a few minutes to 
become familiar with each task and were allowed to ask questions about it if there is any ambiguity. During the 
experiment, the subjects were instructed to focus on the task, but ·were required to take readings upon request and 
verbally communicate their readings. All three tasks were performed with both aircrafts with the two cockpit layouts 
of study. 

As stated earlier, all tasks were recorded using a digital camcorder. Video recordings were of the display monitor at 
the "Instructors Station." The audio recorded was the request for specific flight-data readings by the researcher as 
well as the subjects' verbal response to the researchers queue. Ultimately, the dependent variables were to be 
quantitative comparisons of the values of the subject's verbalized reading as compared to actual readings, as well as 
the response time measurements. In addition, after each task, each subject was asked to fill out a NASA-TLX (Task · 
Load Index) (Hart and Staveland, 1988) form to quantify the workload of each task (See Figure 3). Additionally, 
each subject was requested to quantify the "usability" of the instrumentation for acquiring flight data during the task. 
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The researcher was to indicate whether or not the task was successfully completed. Finally, after all tasks were 
completed, the subjects were asked to fill out a pos~-study questionnaire. The questionnaire is a subjective 
questionnaire to aid in the development of"next-generation" flight-data displays. · 

Quesl ionnaire 
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· Figure 3. Example NASA TLX fonn. 

ANALYSIS 
Independent variables were measured through review of the recorded audio and visual footage using digital 
video/audio editing software: From the audio record, response time between the researcher's queue for flight data 
~d the subjects' vocal reading (in this case from the time of the end of researchers request to the beginning of the 
subjects' verbal response) can be easily obtained through the use of the software. Also, from the audio portion of 
the footage, the value of the subjects' response was recorded. Finally, with timed queue with respect to when the 
subject offered a verbal response within the audio record, the "actual" flight-data readings was observed and 
recorded. The actual flight-data readings were compared to the subjects reading. 

RESULTS 
The data was analyzed in various groupings including the time-to-respond per task and the time-to-respond per 
instrument type. The percentage of error was also averaged by task, as well as by instrument type~ The subject's 
perceived workload was also averaged according to the task. The data indicated that the subjects' average time to 
verbalize a reading was less for the glass cockpit configuration as opposed to the traditioaal cockpit configuration 
for each respective task completed (see Figure 4). Furthermore, the data indicated that the subjects' time varied·with 
respect to the instrument being read. The readings were on average less for the glass cockpit configuration· ~ersus the 
traditional cockpit configuration with exception of the vertical airspeed indicator (see Figure 5). · 

The data indicated that the subjects' average percent error was less for the glass cockpit configuration versus the 
traditional cockpit configuration for each respective task completed (see Figure 6). The data also indicated that the 
subjects' percent error varied with respect to the instrument being read. The readings were on average more accurate 
for the glass cockpit configuration versus the traditional cockpit for each individual instrument (see Figure 7). 
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Figure 4. Average response time by task. 

Figure 5. Average response time by instrument. 

Additionally, the subjects perceived workloads of the tasks were averages based on the NASA TLX forms. In 
general terms, the take-off, climb, and straight and level task was perceived as the easiest task (Task I). The landing 
task was perceived as being the next more difficult task (Task 3). Finally, the bank and descend task was perceived 
as the most difficult task, though marginally so. These descriptions are visually depicted in Figure 8. 
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Figure 6. Average response error (%) by task. 
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Figure_ 7. Average respons~ error by instrument. 

Figure 8. Average su~jective workload. 

Also, the post-study questionnaire revealed that the subjects generally preferred the glass over the traditional 
cockpit. However, they indicated that the vertical-airspeed was difficult to read in the glass cockpit configuration as 
the altitude display would cover the needle of the vertical airspeed indicator. Most of the subjects also indicated that 
better instrume~tation clustering could improve the ability to collect flight data. 

· With consideration of all the above analyses, one must revisit the original assumptive question as well as the 
objective purpose of this study which was brought up in the introduction to this paper - that is, is the glass cockpit a 
more developed instrumentation cluster than the traditional cockpit, and is there some potential for improvement on 
the design of study? The above analyzed data concerning the response time with respect to the task (see Figure 4) 
shows that for the glass cockpit, there appears to be a relatively significant difference in data-acquisition time for 
task 2 and task 3. When one considers the average subjective workload data (Figure 8), the concl1:1Sion that tasks 1, 
3, and 2 are observed to be incrementally mor~ difficult tasks. Again, with respect to the responses, it is apparent 
that as the workload increases, the usability of the glass cockpit seems to be more significant because, quite simply, 
data acquisition time for the glass cockpit is less than the traditional instrumentation. 

Since the seven pilot subjects were users of both instrumentation clusters for data collection in this experiment, to 
discover whether or not the above observations can be statistically substantiated, that there is a statistically. 
significant difference in data acquisition time between the two instrumentation clusters, a paired t-test is used to 
answer this question. The results indicate that, for Task 1, there is no significant difference between the data 
acquisition time between the glass cockpit and the traditional instrumentation (p = 0.708). However, for Tasks 2 
and 3, the results showed that there is a significant difference for these more difficult tasks (p < 0.01). 
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As shown in Figure 5, for three of four instruments studied, it takes on average less time to acquire data from the 
glass cockpit as compared to the traditional instrumentation. The fourth instrument, which is the exception to this 
trend, is the vertical speed indicator (VSI). It is based on this observation that it is recommended that the ''next 
generation" glass cockpit include, at the very least, an integrated emulation of the traditional instrumentation VSI,.or 
that research be done to propose a design for a more efficient VSI than what was seen within either cockpit of this 
study. . 

CONCLUSION 
The findings of this study suggest that the glass cockpit orientation offers flight data more quickly with less chance 
for error. Proper clustering also aids in the ability to quickly collect and mentally process information given on the 
display panel. Traditional instrumentation tends to have the same size, shape, and monochrome coding that led to 
the subjects' impairment to collect the flight data quickly and accurately. The study also shows that the orientation 
of the vertical aiFspeed indicator in the glass cockpit proved to be an impeding parameter for the subjects, and that 
the redesign should include the relocation of this instrument to facilitate reading. The data shows that the greatest 
percent errors were foµnd when reading vertical airspeed indicators in both cockpit designs utilized in this study. 
The vertical airspeed indicator needs to be designed to offer this flight parameter in a ~ore intuitive manner. It is 
recommended that either a more traditional vertical airspeed indicator be integrated into the glass cockpit display or 
a dynamic vector-indicator that varies in direction and magnitude (up/down for direction with _varying length with 
.respect to climb/decent rate). Figures-9 and 10 show examples of existing glass cockpit designs that exemplify the 
proposed design improvements. 

Figure 9. Integrated traditional VSI. Figure 10. Vectored VSI indicating_magnitude/direction.-
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PLANES, HOTELS AND AUTOMOBILES: WEBSITE USABILITY 

Deborah Carstens and Pauline Patte~on 
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_ ABSTRACT ... 
A usability study was conducted to identify usability strengths, weaknesses and recommendations for improvement 
for two travel sales websites. The study performed testing on eleven participants, between the ages of 19 and 65, 
recruited from the university campus consisting of students or staff which includes faculty. The two websites part of 
the study were Delta.com and Continental.com. Each participant was given general instructions and a pre-survey to 
determine their demographics and level of experience with travel sales websites. The usability study tested 
participants on the"fask of finding the same itineraries on each travel website during. the busy holiday season, 
December 24th through January 2nd

• The participant during testing was under observation of the experimenter that 
maintained an observation log. A post-survey along with a debriefing session was conducted to gather additional . 
feedback. The average testing time for participants was-thirty ,ninutes. The results of this study are presented as well 
as a heuristics evaluation for each website conducted by the researchers. . · 

INTRODUCTION 
Humans rely heavily on technology and especially the Internet to cany out both professional and personal business. 
As usability researchers and practitioners, one of our roles is to help humans optimize efficiency in interacting with 
technology. Because of the desire to improve the user experience with technology, there is a growing interest in 
enhancing usability of the user-interface design (Shneiderman & Plaisant, 2005). Current usability literature 
focuses on guidelines in general for the Internet. However, there is a gap in the literature with regards to usability 
guidelines applicable to specific types of websites. Although research has been undertaken by authors such as 
Bainbridge (2003) in the development of usability heuristics for hotel sales websites, there is a need for more 
research specific to travel sales websites. Therefore, a usability study was performed to identify the usability 
strengths, weaknesses and recommendations for improvement of two travel sales websites, Delta.com and 
Continental.com. 

A .usability study was condu~ted to identify usability problems as well as recommendations for improvement for two 
travel sales websites. The study performed testing on eleven participants, between the ages of 19 and 65, recruited 
from the university campus consisting of students or staff which includes faculty. The two websites part of the 
study were Delta.com and Continental.com. Each participant was given general instructions and a pre-survey to 
determine their demographics and level of experience with travel sales websites. The usability study tested 
participants on the task of finding the same itineraries on each travel website during the holiday season, December 
24th through January 2nd

• The participant during testing was under observation of the experimenter that maintained 
an observation log. A post-survey along with a debriefing session was conducted to gather additional feedback. The 

-average testing time for participants was 30 minutes. The results of this study are presented as well as a heuristics 
evaluation for each website conducted by the researchers. The usability study conducted is phase 3 of a 4 phase 
study that will eventually result in the development of usability design guidelines, heuristics, for travel sales 
websites. 

LITERATURE REVIEW 

Usability Heuristics & Evaluation 

Usability evaluations come in different forms such as heuristic evaluation, cognitive walkthroughs with a single user 
or group cognitive evaluations, and pluralistic walkthroughs. In any usability evaluation, there are always 
discussions regarding how many users are enough for a test. Virzi (1992) suggests that five users will uncover 
approximately 80% of usability problems. A study by Nielson (1993) further suggests that five users are enough. 
Research by Faulkner (2003) suggests that as many as 85% of usability problems but that as few as 55% could be 
found as well with using only five users. With increasing the number of users to 15, the range of problems found 
can be 90-97%. 
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Heuristics are rules of thumb or design guidelines to incorporate in the design of products. Jakob Nielsen (1994) is 
known for his ten usability heuristics, which are ten general principles for website design. The ten design guidelines 
consist of visibility of system status, match between the system and real world, user control and freedom, 
consistency and standards, error prevention, recognition rather than recall, flexibility and efficiency of use, aesthetic 
and minimalist design, help users recognize, diagnose, and recover from errors, and help and documentation. 
Shneiderman and Plaisant (2005) also identified a list of heuristics. The rules consist of strive for consistency, cater 
to ·universal usability, offer informative feedback, design dialogs to yield closure, prevent errors, permit easy 
reversal of actions, support internal locus of control, and reduce short-term memory load. Furthermore, research by 
Bainbridge (2003) tested websites for travel sales. that involve hotel bookings that resulted in hotel booking specific 
heuristics. The categories of these heuristics include the overall structure of the booking process, displaying rate 
values, children, and multi-room check-out. Although Bainbridge (2003) developed usability heuristics specific for 
hotel sales websites, there is a need for more research specific to travel sales websites. Therefore, this research 
addresses users performing complex tasks such as flight, hotel and car rental searches.during high traffic periods. 
Heuristic evaluations can either be performed by experts in website usability or volunteers that are recruited and 
trained on how to evaluate the systems (Fichter, 2001 ). With heuristic evaluation, help· is frequently given once the 
eval~tor has identified usability problems (Nielson, 1994). During evaluation, the evaluator goes through the 
interface many times and measures various dialogue elements against the heuristics. The results of a heuristic 
·evaluation are listings of usability problems with reference to the actual design principle violated. 

Cognipve walkthroughs can be performed with a single expert but more commonly with a group of experts that go 
through a series of tasks that are common for a user (Laz.ar, 2001 ). The purpose of the walkthrough is to analyze in 
great detail the goals, expectations, and reactions of users in performing typical tasks (Nielson, 1993). Through 
performing typical user tasks, the expert obtains information on websites that could have usability problems such as 
being confusing or unclear. Pluralistic walkthroughs are another kind of walkthrough that involves multiple experts 
that are developers, users, and usability engineers that collectively analyze a system to identify usability problems. 

Ecommerce Usability 
. A study conducted by Zhang, von Oran, Blake and Pipithsuksunt (2001) identified specific design features that users 
of different website domains deemed important. For the area of e-commerce, five design features were identified. 
The features were security of data, ease of navigation, appropriate explanatory text, search tool, and product and 
service price concerns. Additional research performed by Zhang and von Oran (2001/2002) identified additional 
features ranked high by e-commerce users such as technical issues along with the readability, comprehension and 
clarity of information presented on sites. Another study performed by Kim and Sanders (2005) identified perceived 
problems of e-business systems. The problems overlap with those previ9usly identified such as finding accurate 
information in a timely manner and challenges in locating the required information. The study also suggested issues 
with completing ongoing transactions and locating adequate electronic service functions to complete online 
transactions. Furthermore, the study suggests that usability problems exist in hypermedia with regard to irrelevant 
information, cognitive overhead and disorientation for the user. Through additional studies, challenges in terms of 
ecommerce usability can be identified to aid developers in the enhancement of quality of future we:t>sites. 

Ml;THODOLOGY 
A usability study was conducted because ofthe need for more usability literature specifically addressing usability 
heuristics specific for travel sales websites. The research identifies the usability challenges that users performing 
complex tasks such as flight, hotel and car rental searches during high traffic periods may experience. The usability 
study consisted of six steps involved in preparing and performing the usability study on travel sales websites. 

The first step was to identify the tasks to test as part of the study. To control for order effects, the participants were 
randomly assigned to one of two groups that visited each website in a different order. Therefore a 2x2 mixed 
factorial design was utilized for the study. The task consisted of having each participant go to two travel sales 
websites, Delta.com and Continental.com, one at a time. On each website, participants had the same three tasks to 
perform. The first task was to search for a flight from Orlando, FL to Dallas-Fort Worth, TX that departed on 
December 24th around 6 pm for two adults, one child age 9 and one senior citiz.en traveling first class with a return 
date of January 2nd around 2 pm. The second task was to search for one hotel room in San Francisco, CA for four . 
nights beginning December 23n1 for two adults and one child age 10 in the Downtown/Union Square area with a 
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minimum of three stars. The third task was to search for a rental car in Chicago, IL for use on Decem~r 23rd 

through December 29th with the first preference being a compact sport-utility vehicle, second preferences sport
utility vehicle and third preference a ·large sport-utility vehicle. The request also included the need for a 
child/toddler safety seat. As part of the identification of the study task, it was determined that the following steps 
would be the process each participant would go through in participating in the testing session: 

• Reading of the pretest instructions 
• Reading and signing of the informed consent . _ 
• Reading of the task instructions 
• Filling out a pre-test survey 
• Performing the task 
• Filling out the post-test survey 
• Debriefing. 

The second step of the study was to gain Approval to conduct a test on human participants through ·the Institutional 
· Review Board at the university where the testing took place. · 

The third step of the study was to prepare the documentation for the usability testing that consisted of the following: 

.• Pretest Instructions: General instructions were given to participants to read prior to being given the actual 
testing instructions. Information on the general instructions includes a thank-you to the participant for . 
being part of the study and study environment information such as the purpose of the session, risk· level for 
the experiment, and steps that the participant will go through as part of the testing session. 

• Pre-Test Survey: The survey asked the participants to supply their background with familiarity with each of 
the travel websites tested along with their travel sales website experience. Demographic type data was also 
collected regarding age range, ethnic background, gender, and affiliation with the university. 

• Participant Written Instruction: Contains the specific instructions to be followed in the testing such as the 
specific criteria for flight, hotel and car rental reservations. · 

• Informed Co~nt Form: The form contains the agreement between the experimenter and the participant to 
· . be signed by both parties. The form indicates that the participant's participation is voluntary and that the 

participant can decide to not participate at any time during the study. 

• Experimenter Form: The form contains an· area for the experimenter to document the participant's 
comments and actions during the test. The c~tegories on the form are task step, experimenter's comments, 
recorded user's actions, and recorded user's comments. 

• Post Test Survey: The survey contained a questionnaire for the participant to fill out upon completion of the 
usability test. This additional information provided the participant with open- ended questions enabling the 
participant to voice what they liked best, least, and recommendations for future improvement for each 
website, along with any other comments they may have regarding the travel websites visited. The close
ended questions were also included on the survey regarding website colors and fonts, page layout of the 
screen, layout of available flights, ease of using the website, etc. as well as a ranking of"Like" or "Dislike" 
for each website. 

The fourth step was to recruit participants to perform the usability test. The participants consisted of undergraduate 
students and faculty/staff from the university. In some cases, extra credit points were given to .undergraduate 
students to take part in the study. However, it was strictly voluntary for participants to participate or to not 
participate in the study. 

The fifth step was to perform the actual usability testing with each of the eleven participants. The testing took place · 
in an office setting with only the participant and the experimenter present. A laptop with an Internet connection was 
provided for the participants to _perform the study task. The eleven participants were randomly selected to one of 
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two groups with one group containing five participants and the second group containing six participants. Since there 
were two different travel websites tested, each of the two groups utilized the two websites in a different order so the 
learning curve was evenly distributed in the results of the study. Regarding confidentiality, the data collected did not 
contain the names of the participants or any unique identifier of the participants. Therefore, the data collected can· 
not be linked to a person's name. 

The sixth step was to analyze the data collected during the study consisting of the experimenter form, pre-survey, 
post-survey, and debriefing session was conducted to enable researchers to identify recommendations for usability 
improvements to travel websites. The pre-survey also enabled the researchers to have background information on 
our participants to look for any possible trends among certain backgrounds such as between different user groupings 
such as undergraduate students and faculty/staff. 

RESULTS 
The usability testing study resulted in the analysis of data indicating many trends in user preferences of travel sales 
websites. Of the eleven participants, nine or 81% have never visited Continental.com and four or 36.4% have never 
visited Delta.com. Only one of the eleven participants claimed to have no experience with travel sales websites as 
the remaining ten participants have all visited travel sales websites previously for their travel needs. Seven of the 
participants were undergraduate students with the remaining four participants being faculty or staff members of the 
university. Six of the participants were male and five of the participants were female. Table 1 ~plays the likes and 
dislikes of the participants in regards to specific usability criteria. Table 2 displays the percentage of participants 
that agree or disagree with specific usability features. Overall, the results suggest that participants would like to be 
able to increase the font size, search criteria to include senior citizens and children options on the main page of the 
travel sales websites, information provided in error messages and simplicity in design of the website layouts. 
Participants noted strengths of the websites to be intuitive designs, helpful menus, consistent designs, easy to use 
search tools and ease to compare search results. Furthermore, suggestions for improvement include having less 
cluttered websites, font size controls, more search options available on the main p~es of travel sales websites, flight 
search displays to be straightforward, airport codes to be entered more easily perhaps. through city names instead, 
more options for package deals, back-up button to fix errors made without having to retype in search criteria and 

· error messages that provide information on how to fix the error. 

CONCLUSION 
The two websites tested, Delta.com and Continental.com both have strong usability components. However, there is 
always room for improvement as identified in the results section based on the data collected during the usability 
testing. The researchers also performed a partial heuristic evaluation to further assess the two websites which is 
displayed in Table 3. Future research will be performed to develop specific usability heuristics for travel sales 
websites that takes into consideration both simple and complex searches for flights, hotels and car rental 
reservations. The travel sales website heuristics will serve in the future to aid website designers in the creation of a 
global website appropriate for diverse users such as multi-cultural users and disabled individuals: · 
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Table 1: Percent of Participates that Like.or Dislike specific Usability Criteria 

Usability Feature . Continental Continental Delta Like Delta Dislike 

Like (Percent of Dislike (Percent · (Percent of (Percent of 

participants . of participants participants participants 

that liked a that disliked a that liktd a that disliked a· 

specific specific specific specific. 

usability usability usability usability 
feature) feature) feature) feature) 

Colors used on the website 73% 27% 91% 90/o 

Font used on the website 73% 27% 64% 36% 

Pa2e layout of search screen 73% 27% 55% 45% 

Layout of the available 64% 36% 55%. 45% 
fliehts 

Ease of usin2 the website 82% 18% 73% 27% 
Website consistencr from 91% 90/o 91% 9% 

one screen to another 
Website consistency from . . 

. one screen to another . 
Feedback messages given to 73% 27% 82% 18% .. 

users 
Amount of' information 82% 18% 82% 18% 

given to t .. e user about the 
requested fli2ht 

Amount of information 73% 27% 73% 27% 
users are required to 

remember on their own in 
usine the website 

Amount of control user 91% 90/o 46% 54% 
feels they have on the 

. website 

Table 2: Percent of Participants that Agree or Disagree with specific Usability Features 

Usability Feature Continental Continental Delta Agree Delta Disagree 
Agree (Percent of Disagree (Percent (Percent of (Percent of 
participants that of participants participants that participants that 

agreed with a that agreed with a agreed with a agreed with a 
usability feature) usability feature) usability feature) usability feature) 

Website designtd 55% 45% 73% 27% 
to prevent user 

error 
Website permits 73% 27% 73% 27% 
for easy reversal 

of actions 
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Table 3: Heuristic Evaluation of Websites 

1-S Rating 1-S Rating 
Checklist (S being the (S being the 
Criteria best) Continental.com best) Delta.com . 

Tells searching flights and 
shows a status bar loading Gives a system status bar to 
the information to show show that the system is still 

Visibility of that th~ system is still searching for the requested 
System Status 5 searching 5 itinerary 

The system uses the same 
travel terminology as 
passengers, giving the The system is very easy to use 

Match Between option of a airport code or in. plain English and terms that 
the System and typing in the city and state the traveling public would 

Real World 4 for flight searches 5 understand 

Users can edit or begin a new 
Users can change the search with the search bar on 

search information from the left side of the page once 
User Control the bottom of the page or their itinerary results are 
and Freedom 5 start a whole new search 5 displayed 

Consistency and 
Standards 5 Good consistency 5 Good consistency 

A calendar is provided 
when entering dates to 
prevent errors in data Provides a calendar for 
entry such as booking . entering data and allows.the 

Error tickets for an incorrect user to select a specific 
Prevention 4 date 4_ departure time 

Help pages are easily 
Help pages are accessible accessible, links to-frequently 

Recognition and there are several links asked questions and 
Rather than to frequently asked· highlighted pointers tell where 

Recall 4 questions 5 users are in the process 

Customer service pages Customer service pages and 
and help pages are· help pages are easily 

Flexibility and accessible. Very customer accessible: Very customer 
Efficiency of friendly with links to all · friendly with links to all needs 

Use 5 needs on the first page 5 on the first oaee 
Only n~essary 

Aesthetic and information is displayed Only necessary information is 
Minimalist which reduces clutter to displayed which reduces 

Desie:n 5 the website 5 clutter to the website 
If a user doesn't enter all 
the information required If a user doesn't enter all the 
for a search, the system information required for a 

Help Users will re-show the page search, the system will re-
Recogniu, along with a red show the page along with a 

Diagnose, and explanation mark to red explanation mark to 
Recover from highlight the missing highlight the missing 

Errors 4 information 4 information 
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Help pages are easily 
Help pages are accessible accessible, links to frequently 
and there are several links asked questions and 

Help and to frequently asked highlighted pointers tell users 
Documentation 5 questions 5 where they are in the process 

. Results are given in a 
clear and concise manner Results are given: in a clear 

Informative and are easy to read and and concise manner and are 
Feedback 5 understand 5 easy to read and understand 
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USABILITY IN PODCAST WEBSITES 

Deborah Carstens, La'Tarica Riley and Veronica Giguere 
Florida Institute of Technology 

ABSTRACT 
A study was conducted to identify strengths and weaknesses of three different university iTunes U websites. The 
study also revealed suggestions for improvement from a usability perspective of these sites as well as suggestions 
for student podcast content. Testing was performed on eight participants comprised of students, faculty and staff 
recruited from a university campus. Participants were asked to find different podcasts posted on three different 
university iTunes U websites. Participants were given general instructions and a pre-survey to determine their 
demographics and level of media downloading experience. An observation log was maintained on each participant. 
A post-survey and debriefing session was conducted to gather additional feedback. The average testing time for 
participants was 20 ·minutes. 

INTRODUCTION 
Technology is strongly embraced b-y all age groups as a means to communicate, collaborate and discover 
knowledge. This has brought about changes for academic institutes as faculty and students alike are realizing the 
potential for more knowledge to be shared through technology. In 2005, Apple opened up its·iTunes U program to a 
wider group of universities to provide another medium through which universities can share· audio and video 
pertaining to academics as well as other aspects of university life. Universities are given the ability to use a 
customiz.able site that already incorporates the popular iTunes software in order to download and access these files. 
Academic institutes are starting to utilize iTunes U sites to provide student access to supplemental course 
information in the form ofpodcasts. Therefore, a study was conducted to identify strengths and weaknesses of three 
different university iTunes U sites. The study also revealed suggestions for improvement from a usability 
perspective of these sites as well as podcast content of interest to students. Testing was performed on eight 
participants comprised of students, faculty and staff recruited from a university campus. Participants were asked to 
find different podcasts posted on three different university iTunes U websites. Participants were given general 
instructions and a pre-survey to dete~e their demographics and level of media downloading experience. An 
observation log was maintained on each participant. A post-survey and debriefing session was conducted to gather 
additional feedback. The average testing time for participants was ·20 minutes. 

LITERATURE REVIEW 

Human-Computer Interaction & Usability 

Human-Computer Interaction (HCI) is an interdisciplinary design science that combines data"'.gathering methods and 
intellectual framework of experimental psychology with computer science tools to create effective interfaces 
producing business success stories and Wall Street sensations (Shneiderman & Plaisant, 2005). The ever changing 
and growing field of HCI has contributors consisting of industrial psychologists, instructional and graphic designers, 
human factors and ergonomics practitioners and researchers, anthropologists, sociologists, economists, lawyers, 
privacy advocates, and ethicists as stated by Shneiderman & Plaisant (2005). HCI is rooted in three main areas: 
Industrial Engineering, Human Factors, and Cognitive Psychology (Sarmento, 2004). HCI is mainly concerned with 
the development of human capabilities to use machines, the designing and building of interfaces, process 
optimization between human and machine, interface usability, and better communication between human and 
machine. Human Computer Interaction studies the workings of human and machine together, and usability studies 
can ensure effectiveness. 

Application ofHCI in technology results in usability, universality, and usefulness (Shneiderman & Plaisant, 2005). 
Usability as defined by Bainbridge (2003) is "a user interface is the aspect of a website ( or application) that the user 
interacts with and experiences first-hand. Usability is a quantitative and qualitative measurement of the design of a 
user interface, grouped into five key factors: learnability, efficiency, memorability, errors, and satisfaction." The 
five factors discussed in the definition above is based on Nielson's (1993) five attributes. Leamability refers to the 
ease of use in learning the system to enable users to quickly begin working their system tasks. Efficiency looks at 
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how productive the system user can be once having learned the software. The memorability attribute refers to the 
user being able to recall how to use the system everi after a certain period of time has elapsed. An example ofthis 
may be an individual who goes on vacation for three weeks being able to immediately remember upon return how to 
use their system. Usability testing also involves looking at the number of errors that users of the system make and 
once an .e_rror is made jf a user is easily able to recover from the error. The last attribute tested is the level of 
satisfaction users have from interacting with the system. Satisfaction attributes .primarily consist of how pleasant the 
website or system is to use. 

Usability Testing 

The most fundamental usability method to acquire direct information on how people use technology and the 
challenges faced is usability testing (Nielson, 1993). Many of today's computer systems and websites are a user
centered design for that same reason as feedback from users is irreplaceable (Kubie, Melkus, Johnson, & Flanagan, 
1996; Nielson, 1993). Usability testing results in the discovery of mistakes that. users make when using an interface 
(Nielson, 1994). During testing, experimenters are reluctant to give frequent or in-depth help as participants are 
expected to use the technology to seek assistanc.e. In performing usability testing, selecting a target user population 
truly representative of the user population must be accomplished {Lazar, 2001 ). The users are then recruited. The 
setting of the test-can vary. A usability laboratory can be used for a controlled experiment. A workplace test can be 
used to test the user in the.ir normal work environment such as at their desk during a routine work day# There is also 
web-based usability testing ·also referred to as remote usability testing where the user and experimenter are not 

· physically located in close proximity of each other. 

Usability. tests are typically performed to identify trends in behavior; the individual comments can also disclose 
pertinent design feedback (Augustine & Greene, 2002). However, usability can be difficult to measure as users' 
reactions can vary by region and ethnic or cultural background (Riedman, 2000). The different categori~s of 
usability tests consist of performance measurement, thinking aloud protocol, coaching method, retrospective testing, 
constructive interaction, and questionnaires (Nielson, 1993; Lazar, 2001 ). Performance measurement takes place 
when quantitative measures are taken during the testing such as the number of tasks completed successfully by the 

· user, length of time to complete the test tasks, number of errors, and time spent recovering from errors_. Thinking 
aloud protocol exists when users vocalize their thoughts and therefore share their positive and negative 
interpretations of different website features. The coaching method enables the users to ask questions and receive 
answers which give.researchers insight into the type of help documentation or better technology design needed. 
Questionnaires are also a form of testing as it provides an opportunity to gather more usability feedback from a user 
after·a testing session. Nielson (1993) discusses retrospective testing which consists of a usability test that is 
videotaped. The videotape will then be played back while a user is present so that discussion between the user and 
experimenter c~ freely flow to better assess the technology. Constructive interaction is another type of testing 
where two users work together to problem solve enabling the experimenter to capture all the comments made by the 
users. 

Several groups, including IBM (Karat, Brodie, Karat,. Vergo, & Alpert, 2003) and the ·Memorial University of 
Newfoundland Libraries (McGillis & Toms, 2001) performed their own usability studies for the redesign of their 
websites. IBM Corporation performed a heuristics evaluation together with usability testing to understand the value 
of personalizing a website to users' needs (Karat, Brodie, Karat, Vergo, & Alpert, 2003). The usability tes~g 
suggested that users only care for personalization to the degree needed to complete the task at hand. At the library 
website for the Memorial University ofNe~foundland, usability testing consisting of participants performing six 
tasks, follow-up questions, and a website usability survey resulted in the researchers learning about the problems 

· users faced with the website (McGillis & Toms, 2001 ). All of the different types of usability testing give researchers 
insight into specific usability problems as well as ideas for usability enhancement in general. Although there have 
been extensive usability testing of the Internet and general usability guidelines developed for the Internet, there is a 
gap in the literature in identifying usability issues associated with downloading media from podcast Websites. 

Podcasts in Education 
Podcasting is a combination of hardware and software that enables a user to download audio or video files for 
listening purposes (Lee, 2006). Podcasting is a technology predicted to have an impact on higher education. · iTunes 
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U sites are becoming popular with many universities as a mechanism to disperse short messages such as lectures, 
labs, athletic or university news. While some teaching professionals have cited the rise of podcasts as a means to 
end the tradition classroom lecture environment, others consider the podcast as a means to incorporate a wider 
variety of material and viewpoints in the traditional classroom. Portable media players such as Apple's iPod have 
become staples among college students, who have rank this technology first in a student monitor research study 

. (Cable News Network, 2006). This trend in campus acceptance of technology demonstrate the practicality of 
podcasting, or course-casting, as a means to enhance and supplement education in the college environment (Bongey, 
Cizadlo, & Klanbach, 2006). 

Today's undergraduate students are members of Generation D, a group more tuned to the idea that technologies such 
as podcasting are intended for and expected to be used in higher education. This group, marked by those students 
born between.the years of 1~81 and 1994, prefers interactive and dynamic media over static text; instead of 
traditional, more formal guidance, these students want experiential and collaborative approaches (Shih & Allen, 
2006). Podcasts in higher education serve a variety of purposes and meet the needs ·of students with diverse learning 
styles. The novelty of the podcast in education can be attributed to both the low cost for creation and the portability 
of.the media that is created. Programs known as podcatchers are available for multiple computer platforms and 
allow students with Internet acces~ to subscribe to and download a podcast. The busy student who commutes to and 
from campus can listen to a podcast of a lecture in preparation for the day's discussion or to reinforce concepts while 
studying for an exam (Campbell, 2005). 

Podcasting is part of the trend of push technology, where media in a variety of formats is delivered to the user via an 
online connection and subscription to a website or web-based service. With the advent ofiTunes, Apple's 
commercial music and video store, and iTunes U, the university-specific counterpart, podcasts have become more 
readily available to the online public. Apple's approach to new product development tends towards this technology
push route, but without neglecting what the consumer demands (Reppel, Szmigin, & Gruber, 2006). 

As iTunes U is focused upon the organization and dissemination of information at-the post-secondary level; it is vital 
to remember that this Generation D seeks and utilizes information in a manner unlike that demonstrated by previous 
generations of university students. Culture and motivation, as well as learning styles and lifestyles, play an important 
role in information seeking, (Mi & Nesta, 2006). For this group of users at the university level, convenience drives 
the adoption of such online technologies both at and away from home (Jones & Madden, 2002). The usability of a 
site such as iTunes U that is designed to allow the user to locate media and subscribe for further downloads 
determines not only if students will utilize the media posted therein, but also whether or not faculty will use this 
medium for future courses. A lack of training and awareness on the part of the professors is the most likely 
contributor to their reluctance to use this technology, and a need for training to demonstrate the wide-ranging 
usefulness ofpodcasts at the university level (Jones & Madden, 2002). 

METHOD~ PROCESS 
A usability study was conducted because of the need for more usability literature· specifically addressing usability 
aspects of podcasts utilization in education. Therefore, the participants were tasked with locating podcasts on three 
different university iTunes U websites enabling the researchers to gain insight into usability strengths and 
weaknesses leading to recommendations for good usability within iTunes U websites. The usability.study consisted 
of six steps involved in preparing and performing the usability study. 

The first step was to identify the tasks to test as part of the study consisting of the researchers identifying three 
different iTunes U websites at three different universities and locating podcasts within each of these sites. The task 
consisted of having participants go to the three different iTunes U websites one at a time to locate three different 
podcasts from each site. T6 control for order effects, the participants were randomly assigned to one of three groups 
that visited each of the three sites in a different order. Therefore a 3x3 mixed factorial design was utilized for the 
study. The second step of the study was to seek and obtain approval to conduct a test on human participants through 
the Institutional Review Board at the university where the testing took place. The third step was to prepare 
documentation for the usability testing that consisted of the following: 
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• · . Pretest Instructions: General instructions were given to participants to read prior to being given the actual 
testing instructions. Information on the general instructions includes a thank.-you to the participant for 
being part of the study and study environment information such as the purpose of the session, risk level for 
the experiment, and steps that the participant will go through ~ part of the testing session. 

• 

• 

• 

• 

• 

·Pre-Test Surv~y: The survey asked the participants to supply their background regarding familiarity with 
downloading media in general, downloading media from iTunes and downloading media fr~m iTunes U 
websites. Demographic data was also collect~d regarding age range, ethnic background, gender, and 
affiliation with the university. 

Participant Written Instructions: Contains the specific instructions to be followed in the testing. For 
instance, participants were given a task to locate three podcasts in different categories for each of the three 
websites. The categories ranged in names from sports, academics, university events, etc. After completion 
of the task for each website, participants were asked tp fill out a form regarding their likes and dislikes of 
usability features for each website as well as recommendations for improvement. 

Informed Consent Form: The form <;ontains the ·agreement between the experimenter and the participant to 
be signed by both parties. The form indicates that participation is voluntary and that the participant can 
withdraw from participation during the study. 

Experimenter Form: The form contains an area for the experimenter to document the participant's . · 
comments and actions during the test. The experiment~r also recorded information such as the time each 
participant spent on ·each website performing the task. Furthermore, all experimenter's comments, user's 
actions, and user's comments were recorded on the form. 

Post-Test Survey: The survey ~ontained a questionnaire for the participant to fill out upon 
completion of the usability test. · Furthermore, the post-survey asked participants to reveal any other 
information such as the type of podcast content that might be of interest to students including content of 
interest posted by other students, faculty or administration. 

The fourth step involved the recruitment of participants which was performed through electronic means such as 
class email distribution lists and student email forums. The participants consisted of undergraduate students, faculty 
and staff. It was strictly voluntary for participants to participate in the study. 

The fifth step involved identified how the study would be carried out. The usability testing was conducted in an 
office setting with only the participant and one experimenter present. A computer with Internet connection was 
provided for the participants to perform the study task. The eight participants were randomly selected to one of 
three groups. Since there were three different iTunes U websites tested, each of the three groups utilized the three 
websites in a different order to minimize the learning curve effect. Regarding confidentiality, the data collected did 
not contain the names of the participants or any unique identifier of the participants. 

The sixth step involved how the data analysis would be conducted. Data was collected during the study through the 
information received from the experimenter form, pre-survey, post-survey, and debriefing session enabling 
researchers to identify recommendations for usability improvements for iTunes U websites. The pre-survey also 
enabled the researchers to have background information on each participant to identify trends. · 

RESULTS 
The results of the usability study revealed many trends in user preferences of usability features on iTunes U 
websites. Recommendations for improvement to enhance usability in the design of iTunes U websites were also 
identified. Furthermore, information was collected regarding the type of podcast content students are interested in 
downloading from iTunes U sites. The results comprise of a section on the pre-survey, usability testing~ and post
survey results. A total of eight participants were part of the study in which three were females and five were males. 
Of the eight participants, six were undergraduate students, one a faculty member and the other one a staff member. · 
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Pre-Survey 
The pre-survey revealed information regarding participants' familiarity with podcast websites and media downloads. 
Of the eight participants, seventy-five percent were familiar with iTunes. These seventy-five percent range in age 
from 18 to 23 and fell in the category of being an undergraduate student. The remaining twenty-five percent of . 
participants that were not familiar with iTunes are staff or faculty members that are over the age of 28, which was 
the last age category available on the survey. Of the eight participants, fifty percent visit iTunes often, twenty-five 

· percent sometimes visit iTunes and twenty-five percent never visit iTunes as these individuals were unaware that 
iTunes existed. However, only three of the eight participants, 3 7 .5%, have ever downloaded media from iTunes. 
Seven of the eight participants, 87 .5%, were aware that Apple also has several iTunes U ~ebsites associated with 
various universities. However, only one of the eight participants had downloaded media from iTunes U. Seven of 
the eight participants, 87 .5%, have interest in downloading media for academic purposes from an iTunes U website. 
Of the eight participants, o~y three or 37.5% own portable media devices two of which are students in the age range 
of 18 to 23 years old and the other participant is a faculty member over the age of 28. 

Usability Testing 
Each participant was asked to visit three different iTunes U websites to locate podcasts. The participants were then 
asked to fill out a short questionna~e after visiting each website that contained open-ended questions regarding the 
colors used, page layout and ease of use for each website. The questionnaire also asked participants for any 
recommendations for improvement on each website such as the logging in process, search mechanism or podcast 
categories. In keeping the identities of the three universities confidential, the usability testing results will identify 
the strengths, weaknesses and recommendations for improvement but will not affiliate the results with a particular 
university. Therefore, the results will serve as guidelines to universities that have iTunes U websites. The 
comments collected regarding strengths were use of a white background when mixed with school colors that aren't 
too dark, simplicity of websites versus cluttered sites, the process of logging in is easiest when there is a prompt to 
take the user directly to the site and security features such as sites requiring a login. The comments regarding 
weaknesses were use of school colors should only be used with a white background, community logins should be 
more easily found on sites by reducing the amount of unnecessary clutter (such as too much text or icons), titles of 
podcasts are too long, categories ofpodcasts should be more simple and the back-up feature isn't intuitive. The 
comments regarding the recommendations for improvement consisted of simplicity in websites through avoidance of 
extra text or icons, short titles for podcasts, take me to iTunes U buttons· make login very easy, use of tabs for 
categoriz.ation of podcasts, tutorials and help features, user-friendly back-up feature, sign-up for email notifications 
of new added contents for different podcast categories (genres), search bar to help locate podcasts and clarity in the 
names of the different podcast categories such as sports, departments, etc. 

Post-Survey 
The post-survey asked participants to suggest podcast content that might be of interest to students which could be 
posted either by faculty, students or administration. Table. I displays the suggestions for student podcast content. 

Table 1: Podcast content of interest to students. 
Content to be posted by 

students 
Lecture notes taken by students 

Information on study abroad 
programs highlighting current 

students that participated in these 

Information for new students seen 
. through the eyes of current 

students 
Student on/off campus work 

hi i ts 

Content to be posted by faculty Content to be posted by 
administration 

Lectures or lecture key points Video tours of campus 

Test study reviews 

Assi ents 
Recommendations by faculty on 

how to study for their tests 

Demonstrations or "how to" 
series 
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Student social events 
(homecoming, comedians visiting 

campus, plays, etc.) 

Interviews with facul 
Information regarding registration 

processes 

Information on how to secure 
our com uter 
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CONCLUSION 
The objective of the study was conducted to identify strengths and weaknesses of three different university iTunes U 
sites. The study also revealed s~ggestions for improvement from a usability perspective of these sites as well as 
podcast content of interest to students. The strengths, weaknesses and recommendations for imporovement together 
serve as a guideline for _iTunes U develop~rs to consider when developing their university iTunes U site. The 
suggested content of interest to students will be of value to the developers of the. content posted in podcast form. 
There will be future research in the area of the use of podcasts in education. The next phase of the research will 
focus on a study to determine the factors that must be present for podcast content to be learned by stlfdents. 
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FACEBOOK USABILITIES 

Nat Yangwanitset, Haitham Al-Qubaisi and La' Tarica Riley 
Florida Institute of Technology 

ABSTRACT 
Facebook launched in February 2004.The website now has over 16 million registered users across more than 47,000 
regional, work, college and high school networks. It is one of the most successful online social networks in the 
world. In'this usability test, we will bring you fo a closer look at this online social network interaction and its 
competitors. This study examines whether or not, the users have positive attitudes toward their encounters with 
facebook.com. During this experiment we anticipated positive indications that most of online social network users 
prefer to use facebook.com as their alternative social networks. The study found that while many users enjoy using 
facebook.com as their primary online social network, nonetheless, facebook.com needs to expand their services such 
as adding expressive interface layouts, music display capabilities, and video display capabilities to retain their loyal 
customers to come back for more services. · 

INTRODUCTION 
A social network is a social structure made of nodes, which are generally individuals or organizations. It indicates 
the ways in which they are connected through various social familiarities ranging from casual acquaintance to close 
familial bonds. The tenn was first coined in 1954 by J .A. Barnes. Social network theory views social relationships in 
terms of nodes and ties. Nodes are the individual actors within the networks, and ties are the relationships between 
the actors. There can be many kinds of ties between the nodes. In its most simple form, a social network is a map of 
all of the relevant ties between the nodes being studied. Social networking also refers to a category of Internet 
applications to help connect friends, business partners, or other individuals together using a variety of tools. Millions 
of Americans are part of online social networks, and some fear these interactions are eroding personal contacts and 
community life; however, the Internet-based social networks can actually contribute to a sense of community, 
culture and strengthen social ties. The Internet appears to be creating changes substantially. If anything, the. Internet 
appears to be fueling stronger social ties among friends and family, and new forms of community we had never 
imagined could exist. No one imagined that the Internet's predominant usage would be social. It is being driven by 
the social need to find a community online. However, this is ironic since early predictions about the social effects of 
the Internet were that it would destroy communities by further confining individuals to impersonal communication. 
Evolving from its initial beginnings as a communication tool for scientists to connect and share data,_ the Internet is 
now used by ordinary people to complete their daily tasks, debate important issues through various forums, and to · 
communicate with their families and friends. 

• Individual 

Expanded use of the Internet has penneated university and college life. The increased connectivity has changed the 
way courses are taught, and also changed the relationship between students and professors. Furthennore, students 
are becoming more engaged in their studies. Students seek intellectual and critical engagements with relationships 
between phenomena, along with analytical frameworks and with looking at problems from many dimensional 
perspectives. It is not enough for a professor to simply lecture about the facts, figures and data, nor is it sufficient to 
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expect students to memorize and regurgitate the textbooks. Educators now have to provide far more depth and · 
challenge·in covering fields of knowledge than they did in the past. The Internet has changed the professor-student 
dynamic, bringing them closer than before. Now students are expecting the teaching process to extend beyond the 
classroom. Some.professors establish websites, blogs, discussion threa~ and web chats for their courses. Students 
are then aJ;,le to ask questions and contin1,1e classroom discussions long after the session has ende~ creating an 
around-the-clock office hour. The nature of socialization and social communiti~s are transforming because of the 
development of new norms and social characteristics that guide online interactions and long-term shared interests 
(LexisNexis "Online Social Networks"). ... .. 

The first social networking website was Classmates.com, which began in 1995. Company ofFriends, the online 
network of Fast Company, the pre-eminent new economy business magazine, launched shortly ~fter, in 1997 and 
introduced business networking to the Internet. Other sites followed, including SixDegrees.com, which began in 
1997, Epinion~ which introduced the circle of trust in 1999, followed by European equivalents Ciao.com, Dooyoo 
and ToLuna. It was not until 2001 that websites using the Circle .of Friends on.line social networks started appearing. 
This form of social networking, widely used in virtual communities became particularly popular in 2002 and 
flourished with the advent of a website called Friendster. There are over 200 social networking sites. The popularity 
of these sites rapidly grew, and by 2005 MySpace was getting more page views than Google. Google has a social 
network called orkut, which was launched in 2004. Social networking began to be seen as a component of internet 
strategy at around the sam~ time Yahoo launched Yahoo! 360 in March 2005. In these communities, an initial set of 
founders sent ·out messages inviting members of their own personal-networks to join the site. New members repeated 

· the process, which grew the total number of members and links in the network. Sites then offered features such as 
automatic address book updates, .viewable profiles, the ability to form new links through introduction services, and 
other foITQS of online social connections. Social networks can .also be organized around business connections like the , 
Linkedln site. 

Blended networking is an approach to social networking that combines both oflline elements and online elements. 
MySpace, for example, builds on independent music and party scenes, and Facebook mirrors college communities. 
The newest social networks on the Internet are becoming more focused on niches such as art, tennis, football 
· (soccer), golf, cars, dog owners, and even cosmetic surgery. 

Facebook was introduced as an interesting social network that is closed to anyone not belonging to an.academic 
community. Many of the daily devotees who add their personal information, for example on past and present 
friend$, points out that marketers with .edu addresses are mining the profile pages for significant data and trends. 
However, despite this infiltration students seem optimistic about Facebook's exclusiveness (Raskin, Robin). 
Facebook is a social utility that helps people better understand the world around them. Facebook develops 
technologies that facilitate the spread of information through social networks allowing people to share information 
online the same way they do in the real world. Facebook is made up of many networks - individual schools, 
companies or regions - each ofwhich are independent and closed off to non-affiliated users. To join Facebook, 
peopie can ·authenticate into a school or work network, or they can join a regional network. They can then create 
profiles to connect with friends, share interests, join groups, send messages, writes notes· and post photos. Facebook 
launched in February 2004, and the website now has over 16 million registered users across over 47,000 regional, 
work, college and high school networks. According to comScore, Facebook is the seventh-most trafficked site on the 
web and is the number one photo-sharing site. Facebook is a private company locate~ in Palo Alto, California. 

Mark Zuckerberg twenty-two year old founder ofFacebook originally started this service for Harvard students, 
which was operated out of his dorm room. It took off so fast that within a year or so it had spread to thousands of 
campuses. Now it is on almost every college campus in America. Last year, Facebook added some high schools, and 
more recently workplaces. The members of each group are initially just connected to others at their school or place 
of work. The users can add others to their network as they see fit. In September, Facebook announced it would 
~reate geographic groups, essentially enabling anyone to join a group based on where they live. For example, 
Zuckerberg is in the Harvard group, the Facebook company group, and the San Francisco group. The typical user 
can see less than half a percent of Facebook's total user profiles because unlike most social networks, Facebook has 
a sophisticated privacy setting. The users have a lot of control over who can see information about them. For 
example, they can enable members of their college or work group to learn about them, but prevent anyone in a high 
school group from seeing anything. They can also determine how information about them shows up in searches 
other members conduct on the site. Users are so confident that their information is safe from intruders that more than 
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a third post their cell phone numbers. More than 60 percent of members return daily, to see what friends are doing, 
check messages, send messages to others or to amplify their own profiles. Facebook's members have been 
complaining about expansion and changes ever since the site added Yale, Columbia and Stanford to the original 
Harvard-only site. Meanwhile the service has only grown. Facebook made news recently with a $200 million deal in 
which Microsoft became the exclusive seller of banner ads and sponsored links. Zuckerberg says the deal frees · 
Facebook to focus on what it considers the bigger opportunity- more original forms ofFacebook-only advertising 

· similarly sponsored groups. The ubiquitous social networking trend is not uniform. Facebook's unusually 
sophisticated features help explain why Yahoo has reportedly been negotiating to buy the service, though the reports 
say it balked at Facebook's billion-dollar asking price {Loizos, Constance). 

METHODOLOGY OF FACEBOOK 
A study was conducted a study to test the usability of the facebook website. Instructions were developed for the 
subjects, a pre-survey, task for the subjects to complete during the study, and a post-survey. The general instructions 
that were read to ~e subjects are the following: 

• Thank you for participating in this session to evaluate user-friendly features of the facebook website. 
• The researchers will read these instructions and check them off as we go through them, so that every 

subject hears the exact same instructions. 
• The purpose of this session is to evaluate user-friendly features of the facebook website. The results of the 

study will contribute towards the design of usability guidelines for designers of the facebook website. 
• Before the study, you will be asked to fill out a very brief survey to collect some general information. 
• During the study, you will be reading instructions and searching for friends on the facebook website. 
• After the study, you will be asked to fill out a brief survey to collect usability specific information. 
• The risk level for this experiment is no more than when using a personal computer . 

. • There is no time limit for the session. The researchers will be measuring the time it takes to complete the 
search for friends on the facebook website. We will be writing down any comments ·or actions you make 
regarding good or poor usability of the website. 

• All results from this study are anonymous and will not be linked backto a person. 
• Remember that you are doing this to help us gather information on user-friendly guidelines for the 

facebook website. We are testing the usability of this site, not you, so you can't do anything wrong. 
• y OU may ask questions at any time. 

In the pre-survey the researchers were able to determine how often the subjects visited facebook.com, level of 
experience with using the Internet, age and student status, ethnic background, and gender. The subjects were asked 
to log in or register to facebook.com. The participants searched for the experimenters' names in the FIT network. 
Then the participants were asked to view photos of one of the experimenters, view friends of one the experimenters, 
send a message, post a message on the wall of one of the experimenters, and add one of the experimenters as a 
friend. After completing these tasks, data was collected from the post-survey. In this survey, the finding suggests 
that half of the subjects liked the colors used on the website and half of them disliked the col(?rs used on the website. 
Also, all of the subjects seemed to like the font (s) that was used on the website. In relation to the page layout of the 
search screen 2 out of the 6 subjects disliked the page layout.· ~urthermore, all of the subjects liked the organization 
of the links and tabs throughout the website. The ease of using the website seemed to be favorable to all of the 
subjects. From this study, good and poor usabilities features of the facebook website were identified. 

The graph below displays how often the facebook website is used by Freshman students 
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Good Usabilities 
• Easy to use web~ite 
• Users can set privacy settings in many different ways to allow either full or limited access to other users. 
• Features are well displayed · · 
• · No coloring conflict 
• Easy connection between users from different areas and universities · 

Poor Usabilities 
• News-feed reduces privacy and irritates other users 
• There is not any variety in website or user pages, all are similar with same format 

• No chat rooms 
• Little use of colors on website 
• Homepage is too crowded after the user has logged in 
• No' room for upgrading or adding exclusive features (like Myspace) · 

FACEBOOK VERSUS MYSPACE 
Understandably, if a person is not a college student, the probability that your first personal web page will be on 
Myspace.com is much higher. This is due to the ability to enjoy far more features such as music, virtual video, the 
expressive interface layout, and more social network interaction on myspace.com. . . . 
In relation to the music on Myspace, you will be able to upload free_ music from many available artists throughout 

· the site. Also with virtual _video, a person can get videos from youtube.com, and upload it to Myspace for free. The 
expressive· interface layout on Myspace is much more complex because there are a lot of animated cartoons offered. 
As a result, the interactive program of Facebook needs to be enhanced. In facebook, the user should be able to add 
music and/or virtual videos on their personal web page. The capability to change the layout, according to each 
individµals need is very important to the users. In addition, the capability to count the viewers who visited their 
personal web page is very necessary as well. The enables users to be able to evaluate· the feedback from the viewers, 
and make some necessary changes witfill,l their personal profile. The status of each user should be shown, for 
example, online, off line, busy, and out of office because ever so often users would like to launch instant messenger 
.as the channel of communication with each other. 
Although Myspace has more features than Facebook has right now; Myspace will never have the same momentum 
as facebook.com. In the end, if a person is a college student, the person probably has both Facebook and Myspace; 
however, chances are· that most students have only' one personal web site which is Facebook. 

A CLOSE LOOK AT INTERACTION DESIGN IN BUSINESS 
Interaction design is now a billion dollar industry. It also includes personal web pages, virtual video, and blog. In 
particular, facebook allows the user to create their own personal profile and blog. According to the data released by 
comScore Network in 2005, the Internet spending hits $143.2 billion, as the trend continues to grow. 

Travel 7.4 8.6 
Total 23.1 28.2 

Retail 66.5 82.3 24 
Travel 50.7 60.9 20 
Total 117.2 143.2 22 

When facebook.com released the first interaction design version in 2004, the interaction program aimed at college 
students around the United States. Facebook, which has the same similarity as many websites such as myspace.com, 
geocities.com, and youtube.com; however, their concentration is only on college students. The ability to target the · 
media or a particular group of students, for example, university, gender, and interest allows Facebook to be very 
specific about who and how they will promote particuiar product to the members around the globe. · 
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Lately many corporations have come across facebook.com, a proposal of$750 million had been offered, but refused 
with the anticipation to fetch as much as $2 billion. According to market researchers, advertising through online 
sites such as facebook.com and myspace.com would likely target mostly young adults. With a new marketing plan 
presented, a new group of user networks will include social network like schools, companies, and regions; in 

_ response to the growing demand for interaction programs within the online world. 

· Advertisement on Facebook will be available by several methods such as, local advertiser, national advertiser, and 
registered facebook users. For only $5, a person will be able to displayed as much as 10,000 flyers on the Facebook 
Flyer Board. It is considered to be the best technique to reach college students, because of features such as select 
which institutions to target, and choose how many times a user should see the advertisement. However, 2,500 flyers 
will only cost of$5, ifadvertising outside of your network. At this moment, advertising through the high school 
networks is not allowed because of the concern of the minors. 

Facebook is now ~ essential part of college students lives. The priority to check on_ Facebook Message is as 
important as checking electronic mail. With the contribution ofFacebook demographics facebook.com has become 
one of the most visited web site among college students, as presented in the following table: 

Gender 

Age 

Income 

Education & Occupation 

Marital Status 

Online Usage 

Online Purchasing 

40%are Male 
60% are Female 
71 % are 18-24 
26% are 25-54 
4% are 55+ 
53% have a household income of$50K+ 
33% have a household income of$75K+ 
8% have a household income of$ l 50K + 
38% have graduated college or higher 
20% are professional/managerial 
24% are married 
29% have children 
78% access the web every day 
96% have a broadband connection 
13% access the web from work 
68% access the web from home 
59% have purchased online in the past 30 days 

THE GOAL OF INTERACTION DESIGN 
At the beginning of facebook.com, the primary goal is to encourage more and more college students to join the 
network. Nowadays, everyone who would like to have a personal web page, will be able to enjoy many features 
available throughout face book.com. The primary goal of facebook.com is similar to classmates.com, in another 
word; it is an online yearbook. You will be able to interact-with your friends electronically through the help of the 
Internet. Since the interaction design is operated by the use of Internet technology, a user will be able to send 
messages, make updates, and create their own biogs. 

General people may now join facebook.com on a separate network. In other words, they may now join Facebook 
outside the academic network. Like many competitive companies, this marketing plan will allow more users to be 
involved in the interactive programs. However, in terms of new incoming students, they will have a harder time in 
considering Facebook as their primary personal website, because facebook.com may no longer be focusing on 
college students as their traditional customers. 

As far as advertisements, Facebook will be able to target a variety of customers and generate more advertisements 
across the board. Since online ads are very effective for the younger Internet users, Facebook would be a great idea 
for those companies, who want to target the younger generation. Currently, Facebook offers the advertising options, 
which includes product types and specifications as the following: 
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Std. Flash 
Product 3rd Party Served File File File 

Type Dimensions Served File Types Types Wt. Wt. Targets 
Banner 728x90 DHTML, Flash, GIF, HTML, DHTML, Flash, GIF; 20k 30k Age,DMA, 

Javascript/jscript, JPEG HTML, . Gender 
Javascript/jscript, JPEG 

Skyscraper 120x600 DHTML, Flash, GIF, HTML, DHTML, Flash, GIF, · -20k 30k Age,DMA, ..... 
Javascript/jscript, JPEG HTML, Gender 

Javascript/jscript, JPEG 

Facebook has a very unique social networking website. Moreover, about IO million members from over 40,000 
different groups have been registered. It is amazing that Facebook can rise in popularity in as little as two in a half 
years. Facebook website offers a standardized format to display the same contents to all members such as layout, 
background, and colors. In figure 1.0 the graph displays the growth pattern ofFacebook in the past year. · 
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Figure 1.0 

FUNCTIONS OF FACEBOOK 
The user interface is as followed, a member logs into Facebook using their own usemame and password. Once they 
are logged on, members view a standardized set of displays, such as News Feed, personal options, search options, 
commercial banners, and Facebook contact information. 

Figure 1.1 
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Search: 
This option is located in the upper left comer and it allows members to search for other Facebook users. Look at 
figure 1.1 for location of the search box. 
My List: 

· Another :function is the member's "My" list which includes: my profile, friends, photos, shares, notes, groups, 
·events, messages, account, and privacy. This list is located on the left side of the Facebook home page after a user 
logs into the site. The :function of My Profile option has two parts. The first part is to simply display a member's 
profile, while the second part is to edit the My Profile option. Clicking on My Profile edit option, members can 
update their basic information, contact infomiation, personal information, education standing, work status, current 
courses, candidate elections, and upload their profile main picture. Another function is My Friends. Upon clicking 
on this function, the members are redirected to a page that shows friends with recently updated profiles. The 
member has a variety of options listed in a drop down menu to view all sorts of friend's categories and groups. Yet 
another :function is MY Photos, members can create folders and upload photos. Furthermore, members can easily 
create photo name tags, and write comments about the photos. My Shares is another function that can be used by 
the user. Members can share links of websites by pasting URL's and make them available to others. The My Notes 
function is when a member states his or her thoughts or writes about something interesting. Moreover, the member 
can add people to the note and by doing this; Facebook automatically sends an 
e-mail to the other members notifying them of the post. Furthermore, My Groups function lists the different social 
groups that a member joins for common interest or belief. The My Events :function enables members to create an 
event such as a birthday celebration, or a weekend party etc. Also another option is to find an event under several 
categories such as parties, education, or arts. The My messages function displays messages received from friends or 
future friends who might be interested in joining a member's social network. The My Account :function can be used 
to edit personal e-mail, login password, and display name. The last :function is My Privacy. This function is one of 
the most important functions available on Facebook because it enables members to control and set limits to who 
may access their personal profiles and photos. Look at figure 1.1 for the location of the My list functions. 
Advertisement banners: 
The left bottom side of the Facebook homepage displays advertisement banners. re.fer to figure 1.1. Some of the 
banners displayed are from companies like Jamster, Circuit City, Netflix, Bellsouth etc. 
News Feed: 
News Feed is also one of the functions ofFacebook, and it occupies the middle section of the Facebook home page 
after logging in. Refer to figure 1.1. Facebook displays the latest news, in a member's social network which includes 
displaying info about a friend adding a new friend, joining a group, posting photos or albums, tagging others in 
photos, attending an event, and their current daily status. 
Extra Features: 
The upper right side displays home, search, browse, invite, help and log out options. The home option redirects 
members to the Facebook homepage. The search option redirects users to an advanced search page. The browse 
option randomly selects and displays user accounts from friends and people from within a network. The invite 
option allows members to invite other users to events. The help option allows members to view instructions on how 
to use the Facebook website. Finally, the log out function logs members out of the Facebook website. The bottom 
right side ofFacebook homepage contains four more options which are: · 
1) Find your friend: This is where a user can search for people they already know who are using Facebook. 
2) My status: This is where a user can keep their. friends informed of their current status. 
3) Birthdays: This option displays upcoming birthday events. 
4) The next step: This option lists many interesting side options such as text messaging and games. Refer to figure 
I.I. 

WHY FACEBOOK.COM 
Since facebook.com is no longer requiring .edu electronic email account many other students have been joining this 
social network. General people will be able to enjoy the entire features available throughout the site. So why do we 
need to have a Facebook account? 

We need a Facebook account. because most students have an account. It is not a question about the comparison 
between Myspace Versus Facebook features; however, it is rather a question about having a facebook account in 
order to stay in touch with your college and/or high school friends. Also, if a person does not has an account what is 
his/her reason? The need for the facebook website is explained by the number of students who visit the website each 
day. 
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ASSESSMENT OF CTD RISK FOR THREE DIFFERENT TASKS: CONSTRUCTING AND REPAIRING 
MULTI-LAYER INSULATION (MLI) BLANKETS, PREPARING THE DOUGH FOR A PIZZA, AND 

OPERATING THE BECTON-DICKINSON FACSARIA FLOW CYTOMETER 

Marc Gentzler, Marty Kline, Andrew Palmer, Mark Terrone 
University of Central Florida 

INTRODUCTION 
Organizations lose a lot of money when employees end up with injuries created on the job. These injuries very often 
fall under work related musculoskeletal disorders (WMSD), which include repetitive strain injuries (RSQ and 
cumulative trauma disorders (CID), among others (Kroemer, Kroemer, & Kroemer-Elbert, 2001). Common CTDs 
occur in the areas of the back, neck, shoulders, and hands, as well as other joints of the body. For office-type work 
where there is a lot _of writing, typing, etc., there is a certain amount of strain put on the wrist and fingers, which can 
lead to common disorders such as carpal tunnel syndrome. Several occupations that have a higher risk of CIDs 
include carpenters, small parts assemblers, and grocery store clerks (McCauley-Bell,'2006). These disorders can be 
very painful and lower work efficiency and productivity. Eventually it can lead to the employee having to leave the 
job, costing the organization. Of reported CID cases, 48% of the victims were not well enough to return to work 
(McCauley-Bell, 2006). Furthermore, the average rate of CIDs in high risk occupations can be alarmingly high, 
with as much as 15 to 20% (McCauley-Bell, 2006). In addition to the costs the organization must face when 
employees develop CTDs, the employee must face the costs of diagnosis and treatment, which could ultimately 
come back to cost the organization. 

Theory on CTD Risk Assessment Methods 
Fortunately, employing ergonomic interventions can mitigate most of these CIDs, as there are several guidelines 
that can be followed to minimize the risks. In attempting to prevent the costly CTDs on everyone, the first step is to 
identify the risk factors and analyze how to mitigate those risks. The risk facto~ are typically thought of as 
multidimensional, meaning that there are several different factors that could affect.the outcome of whether an 
individual develops a CTD ( e.g., McCauley-Bell & Crumpton, 2000). An ergonomic evaluation can then determine 
what interventions would be appropr.iate to decrease the risk of developing a CTD and improve task comfort and 
efficiency. Determining which tasks have the greatest Jjsk for CTDs are-the ones that need to be concentrated on. 
The literature (see below) shows several ways to theoretically ass~ss how much of a CTD risk tasks entail. All have 
certain advantages and disadvantages. 

Several researchers have worked on determining what factors actually predict certain CTDs such as carpal tunnel 
syndrome. For example, Gell, Werner, Franzblau, Ulin, and Armstrong (2005) recently discovered that some of the 
significant predictors of CTD included mainly the past history of the individual, such as baseline median-ulnar peak 
latency difference, teildonitis in the wrist, hand, and fingers, and experiences with numbness or pain in the hands. 
These physical risk factors were unique to the individual, so this study suggested the importance of analyzing each 
CID risk situation to the specific individual. Even if currently the individual is not having problems such as the ones 
mentioned, the authors stressed that just having these types of problems in the past tend to increase the risk. 

Other research has shown that in addition to the _individual physical risk factors, social support at work, which is 
more of an organizational environment factor, is significantly related to wrist tendonitis, which is one type of CTD 
(Leclerc, Landre, Chastang, Niedhammer, & Roquelaure, 2001). The individual's age was also found to be related to 
CID risk. Leclerc et al. (2001) discovered that for males, the ·risk factors for carpal tunnel syndrome revolved more 
around biomechanical factors, whereas for females the risk factors most salient were weight or actually Body Mass 
Index (BMI) and job satisfaction. 

One of the most comprehensive studies recently done on examining the risk factors associated with carpal tunnel 
syndrome (CTS) was done by Goodson (2006). The author examined several variables of interest, grouping them 
into three factors, those being occupational risks, "personological" risks, and psychosocial risks. An analysis of 87 
patients with diagnosis of CTS and 74 individuals without any symptoms of CTS determined through self-report 
measures that repetition and wrist strain ( occupational), overall health and amount of exercise (personological), as 
well as job satisfaction (psychosocial) were significant predictors of CTS. Obesity was found to be a marginally · 
significant predictor of CTS as well. 
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Goodson's (2006) analysis focused on psychosocial factors · such as job satisfaction but did not explore 
organizational factors. Although Leclerc et al. (2001) did explore some aspects of the demands of the job, social 
support at work, and job control, it did not explore several other important variables to consider with the 
organizational risk factors. McCauley-Bell and Crumpton (2000) in a study determined thal three of_the most 
important risk factors for- CTD include task related, personal, and organizational factors. They included some of the 
psychosocial factors at the workplace such as peer influence found in Leclerc et al. (2001 ), but also includ~d other 
important aspects, such as the CTD awareness and the organizational culture about ergonomics. Organizational 
factors should not be ignored because ultimately, according to McCauley-Bell and Crumpton (2000), the attitude 
and policies regarding training and practice, safety, and the physical and mental well-being of employees does carry 
weight. This larger focus on the organizational aspects distinguishes McCauley-Bell and Crumpton's (2000) 
analysis of risk factors from some others. The drawback with McCauley-Bell.and Crumpton's (2000) formula is the 
lower concentration on psychosocial factors compared to Goodson's (2006) study, which isolated psychosocial 
factors from task and personal risk factors. Because McCauley-Bell and Crumton,'s (2000) formula also includes 
more organizational culture type variables that were not included in some other models, it was seen as the most 
beneficial formula. As with all formulas predicting CTD risk, the McCauley-Bell and Crumpton's (2000) formula 
quantifies the risk factors, which are combined into an ovei:all risk value. · 

TASKA:FABRICATIONOFMULTILAYERINSULATIONBLANKETS 
The work environment examined was located at the Kennedy Space Center in the Space Station Processing facility. 

· The environment was a sewing shop, which is responsible for fabricating and repairing Multi-Layer Insulation 
(MLI) blankets .. The MLI blankets are used externally to insulate the International Space Station elements. For the 
pressurized elements, the blankets are attached external to the pressure shell and underneath the Micrometeoroid 
Object Debris (MMOD) shields. The raw materials are laid out on the tables in the sewing shop, and cut and 
trimmed per engineering drawings. The multiple layers of materials are stitched together using the sewing 
machines. . 

Task Related Risk Factors 
The task related risk factors were: awkward Joint Posture; repetition; hand tool use; force; task duration; and 
vibration. Each of the factors was evaluated as high, medium, low or none (no risk associated with the factor). 
Awkward Joint Posture: Medium - Most of the sewing performed in the sew shop is done on a sewing machine. The 
shop recently purchased new ergonomic chairs that.are fully adjustable and well cushioned. Machine sewing does 

· involve awkward joint postures at times, but because the operator is sitting in front of the machine and the material 
is automatically fed through the machine awkward joint postures are rare. The thread is cut automatically at the end 
of the stitch so the operator does not have to use scissors frequently. However, on very rare occasions, hand sewing 
is performed for in-place repairs to blankets installed on a module. This activity does involve awkward positions of 
the hands, wrists and body joints. 
Repetition: Low - Although sewing may seem like a repetitive task, the sewing that is performed in this shop is one 
step in the blanket fabrication process. The sewing operator performs other steps including gathering the raw 
materials, laying out the materials and cutting the materials. Each blanket has unique dimensions and does not 
involve repetitive sewing. Different types of stitches are performed in different areas of the blankets. Repairs to 
blankets are performed unique to the deformation. Sometimes the shop is asked to sew labels on garments and this 
task is repetitive. However, the machines are programmable and the operator just needs to sew the first label on the 
garment to be set up for sewing labels on multiple garments. The operator will line up_ the label on the second 
garment, run the program and the machine will stitch the label onto the garment using the programmed pattem.. · 
Sewing of labels is performed on rare occasions. 
Hand Tool Use: Low -On occasion grommets need to be installed in the blankets. This activity requires the use of 
hand tools. 
Force: Medium - The blankets can be heavy and bulky. The shop is setup with rolling tables that can be used to 
support the ends of blankets while sewing. After a run of stitching, the blanket will need to be readjusted to support 
the next run. The machines feed the material through the machine while sewing therefore the operator does not have 
to apply much force at the sewing needle. 
Task Duration: Medium - The operator does not normally sit at the machine for an entire shift. On occasion, the 
sewing of labels on garments will require sewing for the entire shift. A typical sewing operation can take anywhere 
from 10 minutes to about one hour and multiple tasks are performed throughout the day. 
Vibration: None - The sewing machines are very well made and do not vibrate the operators' hands, feet or tables. 
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Personal Risk Factors 
The personal risk factors were evaluated using an employee, female, age 52. The personal related risk factors were: 
previous CTD; hobbies and habits; diabetes; thyroid problems; age; and arthritis. Each of the factors was evaluated 
as high, medium, low or none (no risk associated with the factor) . 

. Previous CTD: Low - The employee had minor complaints of wrist pain on an infrequent basis. The pain 
experienced did not warrant the employee to seek medical attention and on occasion the employee would take over 
the counter medication for relief of symptoms. 
Hobbies and Habits: Medium - The employee does have hobbies in her spare time. She also knits and couchettes at 
home, which use the same tendons, ligaments and muscles, used at work. 
Diabetes: ·Low - The employee has a family history of diabetes but does not exlnbit any symptoms and gets tested 
regularly for signs of diabetes. 
Thyroid problems: None - The employee does not have thyroid or thyroid hormone production problems. 
~= Medium - The employee is 52 years old. 
Arthritis: Low - Th~ employee has minor symptoms of arthritis. The employee takes medication to relieve the 
symptoms on an as needed (infrequent) basis. 

Organizational Risk Factors 
The organizational risk factors were: equipment; production rate/ layout; ergonomics prograill; peer influence; 
training; CTD level and awareness. Each of the factors was evaluated as high, medium, low or none (no risk 
associated with the factor). 
Equipment: Medium - The sewing machines that are used in the shop are state of the art equipment. The machines 
are programmable and include a task light. Although there is some level of automation, the sewing task involves the 
use of manually manipulating the blankets during the sewing process. 
Production rate/ layout: Low-Although the blanket repairs need to be timely, there is not a production rate that is 
implemented or enforced. The layout of the room is specifically designed for the task. The height of the side tables 
is adjustable and the tables can easily be relocated (on wheels) so the operator can support the extra fabric on the 
side tables as required. There was a recent activity conducted in the sewing shop, which identified improvements to 
increase the efficiency of the shop. Included were ergonomic improvements explained in the Ergonomic Program 
section. 
Ergonomics program: Low - The recent activity identified a number of improvements to the efficiency of the shop 
including ergonomic improvements. The ergonomic improvements included purchasing new ergonomic adjustable 
chairs and height adjustable rolling tables. These tables are used to support the extra fabric while being stitched. 
Peer Influence: Low - The supervisor explained that the workers tend to complement one another rather than 
compete against one another. Different workers specialize in different tasks of the fabrication _effort. There is no set 
quota or production rate. 
Training: Medium - The supervisor, other shift managers and engineers received training at the manufacturer to 
operate and be able to fix the machines if they break down. This appears to be the only training provided at the 
sewing machine vendor. The operators of the sewing machines receive On-the Job (OJT) training from the 
managers and other experienced operators. The training includes cuttii:ig the raw materials, reading engineering 
drawings and performing other blanket fabrication and repair tasks. . · 
CTD Level: Medium - The CTD level was evaluated as medium•because operating a sewing machine does involve 
movement of the tendons and ligaments in the wrists and hands. 
Awareness: Medium - The awareness was assessed as medium, because the shop use to have chairs that could not be 
adjusted to an ergonomically correct height for the sewing machine operators. They had two sets of chairs. One set 
were ergonomic office chairs but the maximum height was too low and one set were bar stool size where the 
minimum height was too high for the operator. · · 

Results 
Of the task related risk factors, the posture of the employee had the highest relative weight and represents the 
highest risk to the employee developing a cumulative trauma disorder. Of the personal risk factors, hobbies and 
habits had the highest relative weight and represent the highest risk to the employee developing a cumulative trauma 
disorder. Of the organization risk factors, the equipment had the highest relative weight and represents the highest 
risk to the employee developing a cumulative trauma disorder. 
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Table I 
egate risk level for Task A Aggr 

Relative Weight Risk Value (R-Value) Module Overall Risk 
Task Factors . 0.637 0.348 0.222 
Personal Factors 0.258 0.259 0.067 
Organizational Factors 0.105 0.351 0.037 

Overall Risk = O.J25 

The task related risk factors were shown to represent the greatest risk to the employee (module overall risk is 0.222). 
This is due to the larger relative weight value of the task-related risk factors (0.637). The overall comprehensive risk ' 
of injury value is 0.325, which correlates to "some risk" to the employee. The employee may be in the early stages 
of CTD development. The employee may experience irregular irritation, but is not expected to experience regular 

· musculoskeletal "irritation. This interpretation correlates well with the employees' responses in the interview. 

TASK B: SHAPING PIZZA DOUGH 
The working environment was a dough station that consisted of a stainless steel table (32" in height) with a lower 
shelf (8" in height) for storage of other items. Included in the workstation were items used during the task: a flour 
bin, hand tools, and baking grates of three different sizes. The task involves scraping a dough ball from a plastic 

. container, coating it with a flour-like mixture, pressing the dough flat and circular, spreading the dough by hand to a 
larger size, and then slapping the dough to its final size. Flattening the dough by hand can be very hard on the wrists 
and upper body as the dough is very hard when fresh from the freezer. Force is applied at the finger tips while the 
wrists are bent in order to press the dough to-a flat circular shape. Often times additional force from the worker's 
body weight is required. This orientation creates a stressful moment at the wrists, which over time could result in a 
CTD. ~ce flattened, the do~gh is spread by the left hand's outer edge held with some pressure against the inner 
edge of the dough's crust while the right hand is used in a similar fashion to spread and stretch the dough by making 
circular clockwise motions. This also requires a significant use of force, upper body strength and endurance. After 
spreading the dough it is picked up and slapped from hand to hand to further increase the size to its correct final 
diameter. 

Task Related Risk Factors 
Awkward Joint Posture: High - The task relies highly on the use of force exerted from the wrists and fingers. Cold 
dough is especially hard to work with as it is hardened in the freezer. As the dough warms to room temperature it 
becomes easier to use but decreases the quality of the end product and therefore cold dough is generally used. The 
hands are held at a near parallel angle with the table top as the worker presses firmly downward at the fmger tips. 
While exerting great force (sometimes additional force is required in the form of the workers body weight by 
standing up on the toes) the wrists must rotate about the forearm. The movements become very unnatural and 
strenuous on the joints. 
Repetition: High -:-- Several hundred dough balls may need to be shaped in one night. The majority of which are 
done during a 3 hour time period know as "the dinner rush." The task is done over and over until all orders are 
complete with no breaks during the dinner rush. This can become very exhaustive quickly without some bit of 
endurance training. · 
Hand Tool Use: Low - For the task of spreading dough a scraper is used to remove the dough from a plastic 
container. This portion of the task is very quick and requires little effort. Other menu items do require the use of 
hand tools but the task analyzed was limited to strictly spreading dough. · 
Force: Medium -The force required is significant but is not at a maximum level such that a person would be limited 
to a few cycles. 
Task Duration: High - The task is performed at an approximate average maximum rate of 2 dough balls a minute. 
This results in several hundred cycles over a single shift with no break. 
Vibration: None - There are not any mechanical machines producing any vibration that the worker would encounter 
at the workstation. 

Personal Risk Factors 
The personal risk factors were evaluated using a female, age 17. 
Previous CTD: None - The participant was young and has not experienced or had been diagnosed with any CTDs. 
Hobbies and habits: Low - The participant engaged in athletics as well as other activities that involve hand 
manipulation for periods that exceed one hour. 
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Diabetes: None-The participant has not been diagnosed with diabetes. 
Thyroid Problems: None-The participant has not been diagnosed with thyroid problems. 
Age: Low. 
Arthritis: None - The participant has not been diagnosed with or experience symptoms of arthritis. 

Organi7.ational Risk Factors 
· Equipment: High - There was no automation or any mechanical devices used in the task to aid the worker. Nearly 
every aspect of the task was performed by hand manipulation. 
Production rate/ layout: High - On the days that are known to be busier, the rate of production can be extremely 
high and -exhaustive on the worker. The layout of the workstation provides the worker with everything he/she needs 
within arms reach and the worker will often have runners when supplies ( dough or flour mix) run out. 
Ergonomics program: High - The workers were not aware of any ergonomic concerns, nor were any ergonomic 
plans in place that the workers were aware of. They reported receiving no training on ergonomic concerns. 
Peer Influence: High - The whole operation of making a pizz.a begins with the dough station. The other workers 
down the "make line" and delivery drivers depend on the production keeping up with their pace. High levels of 
pressure are on the dough worker to keep the output of the restaurant up to pace with the incoming calls. 
Training: Medium - Becoming an experience and fast dough worker takes several weeks of training by the more 
experienced workers to become proficient enough to work a rush shift. There is no training to address ergonomic 
issues, only training to perform the task as quickly as possible while maintaining quality. 
CTD Level: High - The CID level was evaluated as high because spreading the dough does involve movement of 
the tendons and ligaments in the wrists and hands for long durations with significant amounts of force. · 
Awareness: High - The level of ergonomic awareness was evaluated as none because no one was informed or 
trained on ergonomic issues. Employees were aware of the discomfort and pain they experienced after long shifts. 

Table 2 
te risk level for task B. Aggrega 

Relative Weight Risk Value (R-value) · Module Overall Risk 
Task Risk 0.637 0.711 0.453 
Personal Risk 0.258 0.052 0.014 
Organiz.ationalRisk 0.105 0.971 0.102 

Overall Risk = 0.568 
The task-related risk factors were shown to represent the greatest risk to the employee (module overall risk was 
calculated to be 0.453). This is partly due to the high relative weight value of the task-related risk factors (0.637) 
and the high calculated R-value. The overall comprehensive risk of injury value is 0.568, which correlates to 
moderate risk to the employee. The table listing the categorization of aggregate numeric risk levels indicates the 
worker may experience musculoskeletal irritation on a re~ular basis but not excessive irritatio~. 

TASK C: USE OF A BECTON-DICKINSON FACSARIA FLOW CYTOMETER 
The Becton-Dickinson F ACSAria flow cytometer is used for the analysis and separation of distinct bacterial, plant 
and mammalian cells for biochemical and biomedical research. It is located in the DNA sequencing laboratory of 
the Biomedical Sciences building at the University of Central Florida. It is a highly complex and specialized piece 
of equipment that requires extensive training and is used by only a select few individuals that have received said 
training. The two primary areas of the work station that are used by an operator during the processing of cells are the 
flow cytometer and the computer workstation. The fluidics cart is maintained by the administrator of the FACSAria 
and is typically not adjusted during normal use. 
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Task Related Risk Factors 
Awkward ioint posture: Low - Occasiona1Iy during the use of the work area, adjustments are required on the flow 
cytometer. This includes the application of samples on the sample port, placement and insertion of post-sorting 
collection tubes and the occasional replacement/changing of solution containers on the fluidics cart. It also· may 
involve the opening of the shield cover and movement of the nozzle and charge plates for optimal performance. 
Typically this is done either from the chair located at the station, or by the operator when standing. 
Repetition: Low - Though a large number of samples may be worked with, the time between the changing of the 
samples is usually on the order of two to twenty minutes depending upon the method utilized. Most ol"the process is 
controlled through the computer, and while adjustments may be necessary through the use of the keyboard and 
mouse, they are not highly repetitive. 
Hand tool use: Low- Placement of the nozzle and its very small rubber o-ring (approximately 2 mm in diameter) 
into the flow cytometer is very tedious and requires the use of fine motor skills and tools. This, however, is usually 

·. only done once·during each session. Also, due to the nature of the samples, latex. gloves must be worn by the 
operator when they are manipulated. . 
Force: Low - The only need for any force is during the opening and closing ofsterile tubes used to transport and 
collect separated samples. . · 
Task duration: High-Non-stop operational times of the machine can run from one to four hours, depending upon 
the number of samples and analysis/separation required. Due to the complexity of the flow cytometer, it cannot be 
left unsupervised. 
Vibration: Low- The flow cytometer works under high pressure that is created by a pump. This pump is somewhat 
noisy and creates a low, but constant vibration during use of the work station. 

Personal Risk Factors 
These personal risk factors were evaluated for three operators: (1) female age 28 with a history ofCTD probably 
onset by· mild multiple sclerosis which at times results in fatigue and numbness in the extremities, (2) male age 46 in 
good health, but slightly arthritic, and (3) female, age 58 previously diagnosed with carpal tunnel syndrome (CTS) 
and several other health issues (mild diabetes, thyroid problems and ex-smoker). 
Previous CTD: (I) High - due primarily to MS; (2) Low - due to many years of lab work; (3) High - previously 
diagnosed with CTS. 
Hobbies and habits: (I) Low- few hobbies; (2) Medium - long history of participation in impact sports; .(3) Medium 
-past history of hobbies that required manual dexterity, however, reduced now due to chronic CTS. 

· Diabetes: (1) None; (2) Nvne; (3) Medium-recently diagnosed with type 2 diabetes. 
Thyroid problems: (1) None; (2) None; (3) Medium -previous history of thyroid problems. 
~: (I) Low; (2) Medium; (3) Medium. 
Arthritis: (I) Low - numbness of extremities, primarily from MS, but not arthritic; (2) Medium - due to minor 
sports-related injuries; (3) Low - due to age, however, despite previous diagnosis of CTS, not diagnosed as arthritic. 

Organizational Risk Factors 
Equipment: Low - Despite the potential for long periods of time to be spent at the workstation, the potential risk of 
acquiring CID due to the machine is low. · 
Production rate/ layout: Low - The emphasis associated with this workstation is on quality, not quantity. Therefore, 
the production rate would be considered low. 
Ergonomics Program: Low - There is a safety department that oversees all aspects of ~e university, however, very 
little has been done to implement an ergonomics program within the department itself. Typically, laboratories are 
designed by outside vendors with little to no input from the laboratory workers in regards to ergonomics. 
Peer Influence: Medium - As with most large academic research endeavors, there is often a great deal of stress 
amongst the researchers to obtain publishable results. 
Training: Low - All laboratory personnel are highly trained, especially before being allowed to use particular 
workstations (i.e., BD F ACSAria flow cytometer). 
CID Level: Medium - While many activities within a laboratory setting have the capability of promoting a large 
number of highly repetitive movements, the CTD level was only evaluated as medium because typically these 
activities are often only a portion of the operators' daily work load. 
Awareness: Medium - While there is a safety department, an overall review of the changes in ergonomic awareness 
has not been viewed by this person. 
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Results 
Of the task-related factors, the factor with the greatest contribution was the duration of the task. Of the personal risk 
factors, it can be seen that operator #3, with her history of carpal tunnel syndrome, diabetes and prior thyroid 
condition has the highest personal risk value. Even with her mild multiple sclerosis, operator # 1 has a lower 
personal risk value than operator #3. Operator #2 has by far the lowest personal risk value. Of the organization risk 

· factors, the equipment had the highest relative weight and represents the highest risk to the employee developing a 
cumulative trauma disorder. 

Table 3 · 
Aggrega te risk /eve/for task C overator I. 

Relative Weight 
Task Risk 0.637 
Personal.Risk 0.258 
Organizational Risk 0.105 

Table4 
Aggrega te risk level for task C o oerator 2. 

Relative Weight 
Task Risk 0.637 
Personal Risk 0.258 
Organizational Risk 0.105 

Table 5 
Aggrega te risk level for task C orierator 3. 

Relative Weight 
Task Risk 0.637 
Personal Risk 0.258 
Organizational Risk 0.105 

Risk Value (R-value) Module Overall Risk 
0.299 0.191 
0.453 0.117 
0.249 0.026 

Overall Risk = 0.334 

Risk Value (R-value) Module Overall Risk 
0.299 0.191 
0.252 0.065 
0.249 0.026 

Overall Risl{ = 0.282 

Risk Value (R-value) Module Overall Risk 
0.299 0.191 
0.665 0.172 
0.249 0.026 

Overall Risk = 0.388 

After determination of the aggregate risk level it was seen.that operator #3 has the highest overall comprehensive 
risk of injury value at 0.388. This places operator #3 in the upper end of the "some risk" category. The values for 
operator #1 and #2 also were in the "some risk" category, but at a much lower value, especially for #2. Within this 
level the operators may be in the very early stages of CID development. Irritation may be experienced, however, 
they are not expected to experience regular musculoskeletal irritation. Of the three modules, ·only the Personal Risk 
accounts for the differences in the overall Comprehensive .Risk Injury Value for each operator. This is due to the 
fact that the task and organizational risk is constant for each operator. The personal risk value contribution to the 
Comprehensive Risk Injury value for operator #3 is by far much greater than the other two. 

DISCUSSION 
This study examined the CTD risk for three different tasks, those being constructing and repairing the Multi-Layer 
Insulation (MLI) blankets, preparing the dough for a pizza, and operating the Becton-Dickinson F ACSAria flow 
cytometer. All three tasks were quite different from each other, but with McCauley-Bell and Crumpton's (2000) 
formula, we were able to standardize the amount of risk across task, personal, and organizational factors to compare 
each task in the amount of CTD risk. With all the tasks, it was clear that the task related risk factors was highest, 
which was largely due to the high weight given to this factor. The risk for the personal and organizational factors for 
the MLI task were relatively close to each other, although the values depicted that the personal risk was slightly 
larger than the organizatiomd risk. The operation of the flow cytometer yielded similar results to the MLI task. The 
gteatest risk was with task related factors, and the least risk was associated with the organizational factors. All three 
values for the personal risk factor in the flow cytometer task, given that three different participants were used, 
ranged from 0.065 to 0.172. There was a clear difference between the participants, with one having significantly 
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more risk than the other. This reveals how individual difference variables certainly need to be considered as the risk 
· varies widely for each individual, which affects the overall risk. 

The preparation of the pizza dough task resulted in widely different values from what was obtained with the other 
two tasks. There was a substantially larger risk from the task related factor, more than twice as much as with the 
other tasks. On the other hand, there was a very low personal risk as compared to the individuals used in the other 
tasks. Remarkably high as well for the pizza dough task was the organizational risk, which is not reall~ __ surprising 
given the other tasks were performed in labs, whereas thjs task was performed in a less professional setting. This 
large value, in addition to the large value for task related risk, resulted in a higher overall risk relative to the other 
two tasks analyzed. 

Overall risk is calculated by the aggregation of task, personal, and organizational risk factors. The MLI task and 
flow cytometer task resulted in similar overall risk, even across the three different participants in the flow cytometer 

· task. These results would suggest that there is certainly some risk of CTDs in alf three of these tasks, across all of 
the participants. However, as significantly more risk was observed with the pizza dough task, a further ergonomic 
evaluation should continue with this task and some interventions should be implemented to lower this overall risk. 
Particularly alarming with the pizza dough task _is that the personal risk factor was rather low. Had the personal risk 
been higher, in other words, if a person who was more prone to CTDs were used, the overall risk would have been 
even higher. 

Across all three tasks, ergonomic interventions could take.place with any of the risk factors. To reduce th~ 
organizational risk can be very difficult, giv~n that the management might think it is a waste of time and money on 
something that may not ever be a problem, and because they are used to doing things a certain way. It can also be 
quite difficult to screen out everyone that might be a high risk for CTD. Therefore it would probably be easiest to 
lower the task related risk. Each of the three factors are multidimensional, thus being able to make a change in some 
of the subareas of the factor can make a difference. Mechanization of the MLI blanket task could help, although the 
cost could be an issue. The pizza dough task is in need of the most ergonomic interventions due to its moderately 
high CTD risk value. More mechanization in the creation of the pizza dough would be helpful. More employees · 
could be hired so that the employees can have more breaks, which would also reduce the time pressure. More task 
rotation would be beneficial so that one employee is not preparing the pizza dough for three hours straight. Further, 
more emphasis should be placed on ergonomic awareness and programs to train employees on the risks and 

· recommendations. For the. flow cytometer task, more breaks should be implemented given that the major task risk 
factor was the task duration. Also, the task should not use ~mployees who have a high personal CTD risk. 

Individual differences were clearly evident, showing the importance of considering those differences. Ideally, we 
would have assessed more workers that are typical of the population that does the particular task, as the goal is 
always to decrease the risk for~ many people who do that task as possible. Using only one participant is likely not 

· representativ.e of the employee population and thus can distort the results. The flow cytometer task was a good 
example of how analyzing several people gives a better idea of the overall risk. 

As mentioned in the introduction, CTDs are a major problem in jobs and thus needs to be addressed. It causes a lot 
of pain, suffering, and loss of money and time for everyone involved. Most of this can be prevented with the 
combination of determining where the risks are and then lowering those risks through ergonomic intervention when 
possible. Although many ergonomic evaluations take place after an accident in the workplace has occurred, it. is 
always better to prevent the accident from happening by assessing the risk beforehand, as opposed to waiting for an 
accident to happen. 
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ORANGE COUNTY FIRE DE.PARTMENT HOSE MANAGEMENT: ERGONOMIC ANALYSIS 
OF THE RISK OF BACK INJURY WIDLE CONDUCTING CERTAIN TASKS 

AFTER THE FIRE IS EXTINGUISHED 

Margaret Dutczak, Marc Gentzler, Martin Kline, Andrew Palmer, Mark Terrone 
University of Central Florida 

INTRODUCTION 
It is astounding to think that back injuries are one of the most frequently occurring work related injuries affecting 
US adults (IAFF, 2006), causing approximately 900,000 disabling injuries just in 1995 (National Safety Council, 
2006), and over half of these injuries were from lifting. Back injuries are one ~f the most costly musculoskeletal 
disorders in industrial nations {IAFF, 2006), leaving a great ~ancial strain of approximately 20 to 50 billion dollars 
each year (Moxietraining, 2006). Unfortunately, the reality is that workers are often assigned to tasks that involve 
some type of lifting, pushing or pulling objects of various weight, size and configuration without the employers 
determining if these tasks pose a significant threat for injury based on factors like weight and task duration. The 

· overexertion of these Manual Material Handling (MMH) tasks, particularly lifting, can lead to a variety of back 
problems (e.g., Kroemer,.Kroemer, & Kroemer-Elbert, 2001). 

Many organizations may not take the time to investigate how much of a problem the overexertion of MMH tasks 
might be, probably because they are worried about the financial cost of analyzing thes·e issues in deptli and making 
changes to reduce the risk of Cumulative .Trauma Disorders (CTDs) such as with the back. However, the cost of not , 
making improvements to reduce the overexertion of MMH tasks can lead to much greater costs that are not realized 
initially. For instance, the injuries can lead to employee absenteeism, which cuts down on productivity, sometimes 
severely, depending on the importance of the employee's role and whether a suitable replacement is readily 
available. One must also keep in mind that the length of absence can be extensive. "Although the vast majority of 
individuals suffering from back pain will fully recover within 1 month (90% ), low back pain may also be a cause of 
chronic pain and long term disability" (IAFF, 2006, p. 1). To give a better idea of the extent of the problem to 
organizations as a whole, some estimations show that as high as 50% of the working population will suffer some 
type of back pain, and as many as 80% of those will experience low back pain (LBP) in particular (IAFF, 2006). 
Moreover, lawsuits can lead to a large fine and force the organization to implement more ergonomic designs 
~yway. 

Kroemer et al. (2001) suggested that back injuries occur "if the limits of maximal strain of the tissues (bone, 
cartilage, ligaments, or muscles) are exceeded" (p. 506). The same authors pointed out that these injuries could 
occur after many repetitions or in one extremely large effort. The repetitive ( day-to-day) MMH tasks involving the 
muscles ~ the back and stress on the spine may not be enough by themselves to cause a major injury, but after a 
while the stress accumulates until there is some breaking point where an injury takes place. LBP is actually the most 
common indicator that the body is being overexerted in a MMH task, and usually is a s°ignal that the workplace is 
not designed well in terms of ergonomics (Kroemer et al., 2001). Other than physical pain for the employee and 
financial cost for both the employee and the employer, the overall quality oflife of the employee is negatively 
affected because of the injury, which can negatively affect an organization in terms of employee job satisfaction, 
organizational commitment, and work efficiency and productivity (Beaton, Murphy~ and Pike, 1996; Moxi,etraining, 
2006). 

Previous research has explored whether there is a link between load on the back and back pain. In a thorough meta
analysis covering the topic recently done by Waters et al. (2006), it was determined that overall there was some 
positive association between cumulative spinal loading and lower back disorders. This was impressive evidence 

, given the conclusion w~ based on the findings of many studies. Other research done before this meta-analysis has 
found that although there may be a link between the average or cumulative load and LBP, one must ~onitor the 
variability of spinal loads, given that they can change drastically throughout a single task. For example, Van Dieen 
et al. (2001) have pointed out that "peak spinal compression by far exceeds median compression in repetitive lifting" 
(p. 1799). This is important when considering a task that includes moving around a lot and being in several different 
positions. This relates to Kroemer et al.' s (2001) comment about how the injury can occur with one strenuous effort 
during a task. 
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An attempt to quantify the variability in spinal loads while repeatedly lifting an object, Granata, Marras, and Davis 
(1999) took five experienced and seven inexperienced manual material handlers and had them perform 10 rep~ated 
lifts at each combination of load weight, task asymmetry, and lifting velocity. They determined that spinal load 
changed significantly from one exertion to the next despite identical task requirements, agreeing with .the research 
study conducted by Van Dieen et al. (2001 ). This would suggest that the tasks with several different forces of 
exertion might be especially problematic. The highly repetitive tasks requiring exertion from the lower back must 
also be investigated, as Marras and Granata (1997) stated. With a similar design as in Granata et al. (1999), Marras 
and Granata (1997) evaluated how spine loadings change with repeated exposure to a li.fting task. Ten experienced 
material handlers transferred 11 pallets of23 kg boxes at a rate of 125 lifts per hour. The results revealed that spine 
loading patterns change with repetition, suggesting that these changes need to be monitored throughout repetitive 
lifting tasks·if LBP is to be alleviated. 

Adding to the frustration for employees and employers when dealing with back injuries is that sometimes the pain is . 
not felt even though there is definitely damage that can worsen if the tasks are conducted in the same way. Jensen et 
al. ( 1994) pointed out that "the three load-bearing elements ( the two facet joints and one disc) of each spinal unit can 
be injured without any sensation of pain" (quoted in Kroemer et al., 2001, p. 507). Kroemer et al. (2001) claimed 
that disc or joint degeneration is as common in those with LBP as it is with those who do not have LBP. This greatly 
complicates the situation for organizations because there may be physical problems that are not felt by the 
individual, similar to the effects of hypertension. This adds to the importance for organizations to take assessments 
and implement preventative measures to reduce the risks for such CTDs as back injuries. The goal would be to 
reduce strain, enhance comfort, and decrease energy consumption, which should also raise efficiency. The first step 
is to analyze the MMH tasks and see if they create a significant threat to disorders such as LBP. Although practically 
all MMH tasks just by their nature pose some risk, the question is if there is a high enough risk to implement 
changes in task design. 

DESCRIPTIONS OF TASKS 
This ergonomic evaluation analyzes the threat of specifically neck, shoulder, and back injuries based mostly on 
lifting and awkward postures while doing the task. The work environment examined is a fire training facility for 
firefighters. There were three tasks' evaluated, all limited to the management of the fire hoses after the fire is 
extinguished. This period of time is when the firefighters have conducted the majority of the work and consequently 
are exhausted. The three specific tasks conducted were the following: 1) lifting the hoses above their shoulders to 
drain them as much as possible of the left over water; 2) pulling and lifting the hoses onto the top of the fire truck 
for storage; and 3) rolling the hoses to store on the top of the truck to be used the next time. • 

The first task involving lifting the hoses to drain out the excess water clearly puts some strain on the shoulder and 
the back muscles. The firefighter lifted a section of the hose approximately 10 feet from the end of the hose. 
Standing on one side of the hose, the firefighter reached under the hose that was lying on the ground and lifted the 
hose to a neutral position in front of the body at approximately chest height to drain most of the water. The 
firefighter then changed his grip and proceeded to lift the·hose up over his head.to further increase the rate at which 
the hose was draining. A second firefighter joined the first firefighter to help drain the hose after the hose was 
already draining. After having just finished fighting a fire, the firefighters' back, shoulder, and neck muscles are 
already strained, leaving the muscles weak and without a chance to rejuvenate so that they are more prone to injury. 
Therefore, the ergonomic analysis for Task 1 determined the risk of injury due to the strain from lifting the hose. 
Task 1 was also analyzed for the force particularly on the lo~er back due to the firefighters' posture when 
conducting this task. · 

The second task consisting of pulling and lifting the hose on t-0p of the truck is possibly the most difficult task for 
the firefighters out of the three analyzed. There were two firefighters on top of the truck, one of which was 
conducting the pulling of the hose from below and the other was aligning and placing the hose in the correct location 
on the truck. The worst case task was assumed to be that of the firefighter that was pulling the hose while standing 
on top of the truck at the rear edge of the hose bed. "A normal hosebed on an Engine is 10-12 feet in height. It 
usually takes three firefighters to load a hose. One or two to climb up into the hosebed, and one at the back step to 
guide the hose, with possibly a fourth to back up the truck and signal the driver. Storing a 5-inch hose is the least · 
favorite activity according to firefighters. Couplings alone weigh in at 24 pounds" (Vaccaro, 2006, p. 1 ). 
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Figure 1. Task 1: Lifting the hoses to drain excess water 

The firefighter who is on the top of the truck is in threat of slipping and falling 10 to 12 feet because of the wet 
surfaces they are walking on. There is also a risk of injury to the ankle while the firefighter is on the top of the truck. 
Both lifting and pulling forces for the firefighter on the ground guiding the hose up and for the person on the top of 
the truck may be _excessive to the point where injury is likely to occur. The firefighters on top of the truck are doing 
a lot of bending and twisting at the torso in addition to the strain froin lifting and pulling, possibly leading to pain in 
the short term and more serious problems in the long term. The force needed to complete this task to-lift aµd pull the 
hose can be in excess of 80 pounds (Vaccaro, 2006). Thus, the ergonomic analyses used for this task focused on the 
lifting and the awkward postures to determine if they placed enough stress on certain portions of the bqdy to be a 
concern. Storing the hoses in the third task by rolling them up r~quires the firefighte~s to have an awkward posture 
due to repetitive bending at the torso for some amount of time. This strain on the lower back while storing the hoses -
could _lead to injuries. Thi~ ergonomic analysis sought to determine whether the strain is beyond the safety limits. 

While conducting these three tasks, the firefighters also experienced a physiological risk from the high energy 
demanded from the main work, that is~ putting out the fire, added to the heavy physical workload while draining and . . 

. storing the hoses, Vaccaro (2006) suggested that the heart rates could increase 80 to 90 percent, which puts 
cardiovascular stress and compounds the exhaustion of the firefighter. 

Figure 2. Task 2: Lifting hoses on top of the truck and storing in hosebed 

BACK INJURIES AND FIREFIGHTER TASKS 
As mentioned earlier, back injuries are one of the most prevalent injuries affecting workers, and firefighters in 
particular are at a high risk of back injury-compared to other professions (IAFF, 2006). The shocking reality is that 
wounds, cuts, burns, and bruises, some of the injuries that o_ne would think would be the highest for firefighters, 
actually only account for about 30% of the total number of injuries (Vaccaro, 2006). One might also expect that 

. smoke inhalation would contribute largely to the short or long term incapacitation of fire fighters, but this only 
accounted for approximately 6% of the injuries (Vaccaro, 2006). Sprains and strains are actually what account for 
the majority of the injuries, representing approximately 50% of all line-of-duty injuries, with back injuries 
accounting for about 50% of all line-of-duty injury retirements each year (IAFF, 2006; Moxietraining, 2006). Other 
estimates have been somewhat lower (Vaccaro, 2006), but the findings consistently show that back strain is a main 
cause of firefighter injury. 

326 



Proceedings of the 2007 IEMS Conference 

The general response when dealing with the undeniable problem of excess force placed on the firefighter's back is to 
create an exercise program for firefighters to strengthen their back muscles to prevent injury, given that many of the 
tasks cannot be omitted and can be difficult to change. Moxietraining (2006) sells exercise videos to help firefighters 
understand the anatomy and physiology of the back and spine, and what positions to avoid. It then gives a detailed 
exercise program to help them strengthen their backs and learn proper body mechanics, claiming that .prevention is 
necessary to decrease the chance of back injury. These exercise programs are largely supported by the literature. For 
example, Sinlon and Fox (2006) have discovered that creating exercise programs that "concentrate on strengthening 
the abdominal muscles, the inner muscles of the pelvic floor, and increasing flexibility in conjunction with 
strengthening the lower back muscles to d~crease the rate of back injuries" have helpeq to mitigate the frequency 
and amount of back injuries sustained by some firefighters. Cady et al. (1979) and Cady, Thomas, and Karwasky 
(1985) have conducted research on the topic as well, developing their own program to improve physical fitness of 
the firefighters by increasing the strength of the muscles to limit back injuries. 

Beaton, Murphy,. Salazar, and Johnson (2002) examined the prevalence of and the risk factors for neck, back, and . 
shoulder muscle pain in 382 urban firefighters (mean age 37 yrs.). The firefighters.responded about the frequency of 
their neck, back, and shoulder pain complaints in the past week and their health habits. Nearly 80% of the 
firefighters reported at least one neck, back, or shoulder pain complaint. Interestingly, reported frequency of aerobic 
exercise was significantly and negatively correlated with the respondents' neck, back, and shoulder pain complaints. 
In other words, the firefighters who did certain exercises tended to have less pain complaints, and those who had 
more pain complaints tended to be those who did not do these exercises. The authors concluded that the urban 
firefighters who have high rates of injury and an elevated risk of regional body pain symptoms might benefit from 
regular aerobic exercise. 

~ther than just focusing on the physical fitness level of the firefighter or telling them to stop what they are doing, 
one may also be able to alter the actual task so that it puts less stress on the body. Van der Molen, Grouwstra, Kuijer, 
Sluiter, and Frings-Dresen (2004) examined this possibility with construction workers, another industry that is heavy 
on the physical exertion and pressure on the body because of lifting, ·awkward postures, and repetition. The authors 
·assessed the effect of changing the working height and method of transport of materials on the physical work 
demands and discomfort of bricklayers. The authors manipulated the working height of bricks and mortar as well as 
the transport method. It was disco\7ered that adjusting the height of the workplace to a more manageable level where 
the workers did not need to strain and bend as much resulted in a significant reduction of the frequency and duration 
of trunk flexion (> 60 degrees) by 79% and 52% respectively. Mechanization of transport of materials also was 
found to significantly reduce the frequency and duration of trunk flexion (> 60 degrees) by 94% and 92% 
respectively compared to manual handling. In conclusion, the physical discomfort in the lower back was 
significantly less in the more "ergonomic" conditions. This is an important finding that suggests that changing the 
task, such as the height of the workplace and incorporating more mechanization, as opposed to simply modifying the 
human can have beneficial effects. 

Resembling the idea in Van der Molen et al.'s (2004) paper, the Pack Mule (See Figure 3) was developed as a 
mechanical device used to hydraulically deploy the hosebed of a fire truck to waist level in 26 ·seconds (Vaccaro, 
2006), thus changing the height of the workplace and making.the task more mechanized. "When activated, the 
hose bed moves backwards from the top of the vehicle to a position behind the apparatus, somewhere between 3 8 to 
44 inches above the ground. This allows the hoses to be stored low to the ground, where the fire fighter does not 
have to bend down on the top of the fire truck, limiting the strain on the lower back and taking away a lot of the 
safety issues" (p. I). The concept behind both the Pack Mule and the research conducted by Van der Molen et al. 
(2004) is that moving the task so that the individual does not need to bend as much can reduce strain significantly. 
Vaccaro (2006) reports that significant improvements resulted when using the Pack Mule, including a large 
reduction in the compression on the spine, force required which minimized the risk of shoulder injury, energy 
consumption and heart rate, safety issues, and time. 
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Figure 3. Pack Mule mechanized hosebed 

METHODS 
Ergonomic tools were used to analyze these three tasks conducted by the firefighters to determine how much risk for 
physical injury existed based on primarily lifting and awkward posture. The description of the tools used and the 
results of the analyses for each task are described next, followed by a discussion of some interventions based on 
these results. Th_e NIOSH Lifting Equation was used to analyze the_ lifting associated with draining the 5-inch hoses 

· for Task 1. In addition, to assess the risk of work related disorders, a Rapid Entire Body Assessment (REBA) was 
conducted. Task 2 involves pulling the hoses whereby the whole body is involved, thus REBA was also used to 
determine the level of risk ofa work related musculoskeletal disorder. Task 3, which entails the rolling up of the 
hoses, also involves awkward upper body movements so the REBA tool was also used. The subjects were.male 
firefighters employed by the Orange County Fire Department ~ Orlando, Florida. Die subjects were in very good 
health due to the allowances the firefighters have for exercising while on duty. The ages of the firefighters were 
estimated to be between 25 and 35 years old. 

TASK 1 ANALYSES 
NIOSH Analysis 
The lifting task was evaluated using the revised NIOSH Lifting Equation. The Recommended Weight Limit (RWL) 
is based on a multiplicative model that provides for weightings of six task variables. The task multipliers decrease · 
the load constant, which is the maximum recommended weight limit under ideal conditions. The Lifting Index (LI) 
is a measure of risk that a worker will develop lifting-related lower back pain and is the ratio of the Load Weight 
divided by the Rec.ominended Weight Limit (RWL). The LI can be used to estimate the relative magnitude of the 
physical stress for a task. If the LI is greater than 1.0, the task should be investigated to determine ifit can be 
performed in an automated fashion. If the task can only be performed manually, the task should be redesigned to 
achieve a LI less than 1.0. 

For Task 1, the following assumptions were used: 
· • The task was evaluated as a single task job as opposed to performing multiple tasks. It was assumed the 

highest level of overexertion was when one of the firefighters lifted the hose from the ground to over his 
head. 

• . When the hose was lying on the ground, the amount of residual water in the hose was assumed to be 1 /3 of 
the full capacity of the hose. Since the water is draining while the hose is being lifted, at the destination of 
the lift, the amount of residual water was assumed to be negligible compared to the weight of the hose. 

• Significant control of the hose was required at the destination. Therefore, the Recommended Weight Limit 
(R WL) was evaluated at the destination. · 

• The task is done infrequently o ·-12 times per shift) with large recovery periods between lifts (i.e. greater 
than 1.2 recovery time/ work time ratio). 

• The weight of the empty hose was estimated from a similar 5 inch diameter fire hose available from fire 
hose supply stores information available on the internet. 

• When the hose was lifted up, the hose slid along the ground. It was assumed that the force due to friction 
between the hose and the ground was negligible. 

The lifting and draining of the fire hose was broken up into two subtasks for analysis. The first subtask was defined 
as lifting the hose from the ground to the subjects' chest height and the second subtask was defined as lifting the 
drained hose from chest height to overhead. For the first analysis, the horizontal distance at the origin of the lift 
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(ground-level) was 12 inches and the horizontal distance at the destination of the lift (chest height) was 10 inches. 
The height of the destination of the lift was 46 inches. The amount of residual water left in the hose when it was 
lying on the ground was estimated as one-third the full capacity of the 5 inch hose for a length of 12 feet of hose. 
The weight of the water was calculated as 24 lbs and the weight of the hose was calculated as 10 lbs. for a combined 
total weight of 34 lbs. at the origin of the lift. 

For the second subtask analysis, the horizontal distance at the origin ( chest height) was 1 O inches and the horizontal 
distance at the destination ( overhead) was less than 10 inches. The weight of the object at chest height assumed the 
subject was only lifting the weight of the hose and that all the water was drained out of this section of hose by this 
time. Toe empty hose was calculated to be 12 lbs. by taking the amount ofhose lifted multiplied by the weight of 
the hose per linear foot. Although the subject had to turn and step to get under the hose to walk underneath it, this 
was done after the hose was already lifted above his head therefore asymmetric lifting is not involved (i.e., A = 0°). 
The coupling was defined·as "Poor'' for both analyses, since the hose can be considered less than optimal, was 
unstable, had a slippery surface and gloves were being used. Significant control of the load was required at the 
destination of the lift; therefore the R WL was calculated at both the origin and destination. The frequency was less · 
than 0.2 lifts/ minute and the duration was for less than 1 hour. 

For the first subtask of lifting the hose from the ground to chest height, the weight to be lifted (34 lbs) was greater 
than the RWL at the origin (26 lbs.), but less than the RWL at the chest height destination (35 lbs). The LI was 
calculated at the origin and destination of the lift at 1.33 and 0.97 respectively. For the second subtask oflifting the 
hose from chest height to overhead, the weight to be lifted was 12 lbs and was much less than the RWL at the origin 
(chest height) at 36 lbs, but the RWL at the destination (overhead) could not be calculated. The LI for the second 
subtask were 0.33 and ''Not Recommended" respectively. 

Since the LI was greater than 1.0 when the hose is lifted from the ground, this location should be investigated. The 
multipliers with the smallest magnitude (and the greater influence) are the vertical multipliers (.78 at the origin and 
.86 at the destination) and the horizontal multiplier (.83). The multiplier with the greatest influence was the vertical 
multiplier (VM). To lower the LI, the vertical multiplier would need to be increased by raising the height of the 
hose off the ground although this would prove difficult to do since the hose is used while on the ground and 
remained lying on the ground when starting to drain the hose. It was observed that other firefighters were initially 
draining the smaller hoses by lifting the end of the hose at the coupling to start the draining process. This method 
may prove to be superior to lifting the hose from somewhere in the middle but the weight of the coupling would 
need to be factored into the analysis. Another alternative would be to reduce the weight of the object. The majority 
of the weight of the hose when it is lying on the ground is attributed to the residual water, thus by reducing the · 
amount of water in the hose the weight of the object would be reduced significantly. 

The chest height location was evaluated with two different weights. The first analysis was the destination location 
for the first subtask. This analysis assumed the weight of the hose and one-third of the total capacity of the hose 
contained water for a combined weight of 34 lbs. The weight was slightly less than the R WL (3 5 lbs) at this 
location. The second analysis for the origin of subtask 2 ·assumed the weight of the hose, without residual water in 
the hose, was 12 lbs. The LI for this location was 0.28. Therefore, for the chest height location, the subject would 
not be at risk by lifting the hose even if the hose contained water filled to one-third the total capacity of the hose. It 
was determined that significant control was required at the overhead position ( destination) because the subject was 
required to hold the object at the destination since it was above his head. At the overhead position; the vertical 
location was greater than 70 inches, which made the vertical multiplier (VM) in the NIOSH equation equal to 0. 
This occurs when the upper limit of the vertical reach is exceeded. It is therefore recommended that the subject 
avoid lifting the hose above his shoulders. 

Rapid Entire Body Assessment {REBA) Analysis 
McAtamney and Hignett (1995) developed the Rapid Entire Body Assessment (REBA) survey method for the 
ergonomic investigation of work-related disorders. This analysis is primarily concerned with the draining of the 
hose post lifting since the actual lifting was previously analyzed by the NIOSH lifting equation. The REBA 
assessment values were calculated automatically utilizing a software package from NexGen Ergonomics, Inc. The 
right side (raised arm) and left side (lower arm) were assessed separately by the method. 
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The REBA analysis of task 1 (post lifting) for the right side resulted in a neck, trunk and leg score of 6, while the 
arm and wrist analysis resulted in a score of 9. The REBA assessment resulted in a grand score of 11, which 
indicates the activity has a "very high" risk l~vel. The recommendation is that necessary action should take place 
immediately. The greatest strains on the subject are the raising of the upper right arm at the shoulder and supporting 
the weight of the hose. The problem is further compounded by the poor grip (i.e._, coupling) of hose. For the left 
side; tlie·REBA analysis of task 1 (post lifting) resulted in a neck, trunk and l~g score of 4, while the arm and wrist 
analysis resulted in a score of 4. The REBA assessment resulted in a grand score of 5, which indicates the activity 
has a "medium" risk level. The recommendation is that further assessment is necessary. Since the·1eft side was not 
observed supporting the weight of the 5-inch hose post lifting, the values are much lower than for the right side. The 
left side is used primarily for guiding the hose to the right side. It is recommended that an alternative method be , , 
considered for task 1 (draining of the 5-inch hose). The alternative method chosen should be ~uch that it reduces the 
strain on the musculoskeletal system of the subject. · 

TASK2 ANALYSES 
REBA Analysis 
The Rapid Entire Body Assessment (REBA) was used to assess the posture of the firefighter that was located on top 
of the fire truck standing at the rear of the hose bed. REBA was used to determine the risk of a musculoskeletal 

. disorder to this subject. This analysis takes into consideration the posture of the trunk, neck, legs, arms and wrists as 
well as the load/ force an_d coupling for each hand. 

The REBA analysis differentiates between sides of the body for analysis of the arms and wrists, but for this analysis, 
there was no· distinction. Both sides of the body were scored the same values. The trunk score was assessed as 4 
because the firefighter had a greater than '60 degree tlexion when reaching down to grab the fire hose from the 
firefighter located below the hose bed. The neck score was assessed as a 1 (0 - 20 degree tlexion) and one point 
was added because the firefighters neck twisted. The firefighter was on an unstable surface resulting in a leg score 
of 2. One additional point was added because the firefighter's knee was flexed between 30 and 60 degrees. Both 
upper arms of the firefighter were in the range of20 to 45 degrees tlexion resulting in a score of2 and both lower 
arms remained within 60 to 100 degrees tlexion resulting in a score of 1. The firefighter's wrists remained within 
+/- 15 degrees tlexion or extension, which resulted in a score of 1. Since the hose was being handed up to the 
firefighter, the load was assessed as less than 1 llbs, which results in a load score of 0. The Coupling was scored as 
2 (Poor) because handling the hose in this positi~n was awkward and the hose was slippery and, of course, had no 
handles. The Activity ~core value was determined to be 2, + 1 due to repeated small range motions more than 4 per 
minute and + 1 due to an unstable base. This all resulted in a REBA score of 8, which corresponds to a "high" risk 
level. The recommended action for this range is that action is necessary soon . 

. TASK3ANALYSES 
REBA Analysis 
There appears to be no difference between the actions performed by the right and left side of the subject so only one 
assessment was performed on the procedure. The REBA analysis resulted in a neck, trunk and leg score of 7 and the 

· arm and wrist analysis resulted in a score of 5. The REBA assessment resulted in a grand score of 10, which 
indicates the activity has a "high" nsk level. The recommendation is that necessary action should take place soon. 
The greatest strain on the subject is the high .degree of bending at the trunk. This creates a large amount of strain on 
the lower_back. It is recommended that an alternative method be considered for task 3 (rolling up of hose). The 
alternative method chosen should be such that it reduces the strain on the musculoskeletal system, especially the 
back of the subject. 

DISCUSSION 
· Through comparison of the three tasks, it was seen that task 1 (draining of the 5-inch supply hose) has the highest 

potential for the creation of a musculoskeletal disorder. After application of the NIOSH lifting equation to each of 
the two subtasks, it was seen that the weight lifted by the observed technique exceeded the recommended value. 
'The vertical lifting of the hose, especially above the head, was the most significant factor. Similarly, the REBA 
analysis was also strongly influenced by the procedure of lifting the hose above the head. Coupled with the weight 
of the hose with residual water and the poor grip on the hose, this led to the creation of a "very high risk" REBA 
value. At this value the need to rectify the procedure was determined to be "immediate". Even though the duration 
of task 1 was not that long ( an estimated 1 to 2 minutes per 100 feet of hose drained), the observed action of lifting 
the hose above the head has been determined to create a large amount of strain on the musculoskeletal system. 
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For task 2 we analyzed the lifting and pulling the 5-inch fire hose on top of the fire truck. This analysis was 
performed for the specific firefighter located at the end of the truck, whose job it was to raise the hose from the 
ground level to the top during the process. After a REBA analysis, the value calculated placed this task at the ~'high 
risk" level. Even though the hose is empty, and the weight is not as significant as in task 1, the extreme bending at 
the waist and the poor coupling of the hose (i.e., grip of hose while raising it) cause this task to be considered ''high 
risk". Though there are other firefighters on the ground, as well as the top of the truck helping during the procedure, 
the awkward posture of the observed person at the end of the truck makes them susceptible to a musculoskeletal 
disorder, especially one involving the lower back. This particular action does not need _immediate action, but it 
should' receive attention soon. · 

Task 3 invoives the rolling up of the hoses. As with task 2, the calculated risk utilizing a REBA analysis was found 
to be "high". Again, as with task 2, this was primarily due to an extreme bending at the waist and poor coupling. 
The awkward posture used during the process may create back strain, especially m the lower region. It should be 
noted that the analysis of this task did not include the lifting of the rolled up hose and placement into its proper 
storage space. Adding this lifting of the hose to the entire process would probably further increase the 
musculoskeletal strain. Similar to task 3, this particular action does not need immediate action, but it should receive 
attention soon. 

Recommendations 
There are a number of recommendations that can be made in order to attempt to reduce the number of 
musculoskeletal disorders that may be created during the processes of hose management. The first recommendation 
is to improve the awareness of each firefighter to potential musculoskeletal disorders that can be associated with 
~rtain tasks. Increased awareness could help individuals avoid placing themselves at risk to a prospective injury. 
This can be improved through increased education of basic ergonomic principles. These principles must be applied 
and utilized whenever possible. Knowing about the risks is ineffective if the principles are not followed. Another 
recommendation is to implement physical training that specifically focuses upon the regions that are most likely to 
incur an injury. Improvement of strength and flexibility in those regions should help reduce the potential ·risk of 
musculoskeletal disorder. It can often be difficult, or even impossible, to follow the best of ergonomic principles, 
however, with improved physical training some injuries could be avoided. 

It is also recommended that there should be continual literature search for equipment or process changes that can 
decrease physical demands for specific tasks. These can be as simple a change as improving hand grips or lowering 
the height of heavy equipment, to a totally redesigned fire truck. There are, of course, certain costs associated. with 
any change and these must be taken into account. Even the smallest of improvements can help reduce the risk of 
injury. The final recommendation is that the firefighters themselves look to improve ergonomic issues themselves 
through the design of new equipment. For instance, in the case of task 1, we devised two simple, yet potentially 
labor saving devices to help drain the 5-inch hose. These devices (see Figure 4) would remove the need for raising 
the hose overhead, and thus, greatly reduce the risk of incurring an injury during the draining process. Imtially both 
of the units are folded up in their stowed configuration. This fold up feature was included in the design so that the 
unit will occupy less space in a storage compartment of the fire truck. 

When a Fireman needs to drain a hose he or she would unfold the unit like one would a regular folding chair. 
Design elements of a folding chair were included to make the task easier from an operational standpoint as most 
individuals are familiar with and recognize this system of components and will understand how to unfold the unit 
without any directions. Once unfolded, the unit will stand unassisted and sits at an angle, which makes the unit 36 
inches tall; a typical height for push carts, lawn mowers and similar devices.' The unit's handle is symmetric about 
the plane of its push direction making the unit easily operable from either side or from the center. Both concepts are 
similar but depart slightly in operation and theory. The first concept, the Squash Roller, is extremely simplistic in its 
operation. After laying the hose on the ground in a relatively straight line the user will position the unit on top of the 
hose and walk the unit along the length of the hose. Gravity, a natural and free force, will act on weighted rollers 
which will then force water out the end of the hose as it is walked along the length of the hose. 
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Figure 4. Hose Drainer Concept: Squash Rollers (first image), Pinch Rollers (second and third image) . . 

The second concept, the Pinch Roller, uses an additional weighted roller to provide a pinching force that will force 
water out the ep.d of the hose. The user will need to lay the hose on the ground in a relatively straight line and then 
position the unit at one end of the hose. Once in position at the end of the hose the user will open the pinching 
rollers by lifting the larger weighted roller-up by sliding it along the channels in the frame. The user will then place 
the first couple of feet of hose through the pinching rollers and close the pinching rollers by sliding it back down to 
the initial position. The user will then simply just walk the unit the length of the hose to drain the water out. This 
unit differs in concept by adding an elevated section of hose which forces the water to run away from the crest 
towards the end of the hose while also pinching the water out of the hose like the first concept. · 

Table 1 

Hose Drainer Concept: Squash Rollers 
Pro's Con's 

• Very simple to operate. • Additional piece of equipment. 

• One man operation. • Potential to damage hose against rough. ground 

• Completes task quicker . surfaces or sharp objects. 

• Low physical exertion. • Requires completely flat surface to ·operate on. 

• Low profile for storage . 

Table2 

Hose Drainer Concept: Pinch Rollers 
Pro's Con's 

• Simple to operate. • Additional piece of equipment. 

• One man operation. • Requires relatively flat surface to operate on . 

• · Completes task quicker . 

• Low physical exertion . 

• Low profile for storage . 

Future Research 
Given that the way the tasks are completed may differ across different fire departments~ future research cpuld 
examine several different fire departments to determine how much the procedures and tasks generalize. More 
analyses could have been used as a comparison to the results obtained in this study. Future research needs to 
examine other tasks such as getting the equipment out to respond to the emergency, for instance. Lastly, future 
research should further explore the recommendations made in this study to reduce physical strain and workload. 
Research into the creation and feasibility of these recommendations in comparison to other potential 
recommendations needs to be done. 

Conclusion 
Overall, it was determined that the primary region of the body affected by the increased demands of each of the . 
three tasks was the lower back. Avoidance of extreme bending at the waist will often help to reduce stress on the 
back. Reducing the height to which objects must be lifted will also help alleviate this stress. To a lesser extent the 
extremities of the upper torso (i.e., wrists, arms and shoulders) were also placed at risk during these tasks. The 
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recommendations mentioned should help to reduce the need to put the body in these harmful positions and thus 
reduce the risk for injury. 
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ERGONOMIC ANALYSES OF A FAST FOOD SANDWICH RESTAURANT: ASSESSMENT OF 
OVERALL SAFETY, CTD RISK, AS WELL AS PHYSICAL AND MENTAL WORKLOAD 

Marc Gentzler 
University of Central Florida 

INTRODUCTION 
Organizations can lose a lot of money and a lot of its reputation when accidents occur due to ergonomic or human 
factors issues. The unfortunate part is that many or all of these accidents could have been prevented. General safety 
is always important to consider and probably the most common ergonomic issue that is ana~yzed in work settings. 
Making sure that the employees have the right equipment, that warning labels are visible and understandable, and 
that emergency plans are developed are all factors that can be considered when enhancing safety (Sanders & 
McCormick, 1993). However, this is not enough to prevent long-term physi~al strain from the job that can 
eventually cause ergonomic related accidents and injuries. These more long-term musculoskeletal problems known 
in part as Cumulative Trauma Disorders ( CTDs ), as opposed to sudden accidents due to a lack of safety, actually can 
be harder to prevent because employers may not think about the risk, and sometimes neither do the employees 
themselves. Symptoms can develop without the individual even realizing it partly because they often take a long 
time to occur and the symptoms can be ambiguous. 

Nevertheless, CTDs are very common and cause major problems for organizations (McCauley-Bell, 2006). CTDs 
commonly occur in several areas of the body, from the back to the neck, shoulders, .hands, as well as other joints of 
the body. These potentially very painful disorders eventually can make the employee have to leave the job, costing 
the organization. Of reported CTD cases, 48% of the victims were not well enough to return to work (McCauley
Be~l, 2006). Furthermore, the average rate of CTDs in high-risk occupations can be as high as 15 to 20% 
(McCauley-Bell, 2006). In addition to the costs the organization must face when having to replace employees, the 
employee must face the costs· of diagnosis and treatment as well, which could ultimately come back to cost the 
organization with the threat of lawsuits. 

In addition to safety issues and CTD risk from repetitive strain, injuries and errors leading to accidents can also 
occur because of high workload (Wickens & Hollands, 2000), which can fall under an organization's radar of 
awareness. High physical workload can cause short-term and long-term problems. In the short term, high physical 
workload could infhience the individual to take shortcuts and get careless, leading to errors. Or they may physically 

· -have such a hard time to do the job that they unwillingly have an accident. In the long-term, high physical workload 
can cause musculoskeletal disorders like CTDs or put stress on the circulatory or respiratory system for example 
(Kroemer, Kroemer, and Kroemer-Elbert, 2001 ). 

Employers also need to be aware of another factor that can lead to errors and accidents, that being high mental 
workload. High mental workload is often associated with doing too many things simultaneously, in other words 
multi-tasking, and not having enough resources to do all the tasks well enough. Wickens and Hollands (2000) 
claimed that a high mental workload can cause errors by itself, or the relationship can be mediated by stress, such 
that high mental workload can lead to stress, which then leads to errors. We have all experienced high mental 
workload, but a lot of the time we do not consider the potential harm it can cause. In the long-term, high mental 
workload can lower the quality of physical and mental health. Some tasks, although not difficult by themselves, can 
become difficult when several tasks are going on at the same time, competing for the individual's limited attention 
( e.g., Pashler & Johnston, 1998). Also increasing workload can be time pressure, where often there is a tradeoff 
between speed and accuracy. At some p·oint, if speed is favored more than accuracy, accuracy is going to suffer. 

Another factor that can lead to an increase in-mental workload is the amount of background noise by being a 
distraction to cognitive processes, such as trying to rehearse the information that someone has given to them about 
how to complete a task successfully. Noise can also cause difficulties in communication, which is key for many job 
tasks. Noise has also been found to decrease the amount of job and environmental satisfaction and increase the 
amount of stress and difficulty in communication, thus increasing workload (Raffaello & Maass, 2002). Baddeley 
(1999) suggested that the auditory part of working memory could only handle so much at one time. He explained 
that the individual has a difficult time processing specific auditory information when there is competing auditory 
information in the background, which can raise mental workload. But, as Chatterjee and Krishnamurty ( 1972) 
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pointed out, continuous noise is not always a burden on cognitive processing and thus performance. In fact, for some 
highly skilled workers, continuous noise can actually serve as a catalyst for performance (Chatterjee & 
Krishnamurty, 1972). 

Given the high cost in money, time, and health for everyone involved due to potential safety issues, long-term 
physical strain leading to CTDs, as well as high physical and mental workload, organizations should be thoroughly 
examined for ergonomic issues that could lead to any of these problems, throughout all types of tasks. In the long 
run, either lowering the risk or completely preventing the threat will probably be much more cost effective to the 
organization than waiting for an accident or injury to occur. The focus of this ergonomic analysis will be on one 
particular organization, a local fast-food restaurant that makes sub-sandwiches, in attempt to a) assess the risks and 
determine what ergonomic issues exist in terms of overall safety of equipment, CTD risk, and high physical and 
mental workload, as well as to b) take that information and create ideas for implementations to alleviate the 
ergonomics risk. 

DESCRIPTION OF TASKS 
There were two main tasks analyzed at the restaurant. One was the most obvious task to the customer, that of 
actually making the sandwich in front of you. Typically the sandwich makers create the sandwich from scratch, and 
the actual subtasks involved depend on the sandwich being made. The sandwich making is usually done through an 
assembly line type process, where one person starts on the sandwich ordered by one customer, then the employee 
passes on the sandwich at some stage to the next employee, who continuous creating the sandwich. The employee 
that started off making the sandwich then can start a new sandwich with the next customer. Once it is finished it may 
need to be cut, then it is wrapped in paper and placed in a bag. Thus, there is a large use of the hands and wrists. 
Generally there is a lot of repetition in making sandwiches by hand and all while standing up the entire time. The 
employees need to overcome the background noise of this busy restaurant to hear the customer, as clear 
communication is essential in getting the order right. Moreover, employees usually do not get a major break during 
this task, which lasts for several hours, although after a while the pace does slow down. 

The option of toasting the subs serves as a burn threat if the proper safety procedures are not followed, such as if one 
forgets or particularly if one is in a rush. To show how large of a problem safety is in fast-food restaurants like the 
one examined in this study, where the workers are typically young and inexperienced, NIOSH in a 1999 study 
claimed that 63% of the estimated 44,800 injuries teens ·had treated in ·the emergency room originated from working 
in the fast food industry (Pappert, 2006). This statistic shows that there is still a lot that needs to be done to ensure 
safety particularly in the fast food industry where young workers tend to become overconfident and take shortcuts. 
With the toasting of the subs, there is always a threat of burns, especially if shortcuts are taken. "Researchers have 
also found that teens working in fast-food restaurants are- six times more likely to be burned than teens working in 
any other industry" (Pappert, 2006, p. 3). Often times employees will ignore safety rules when pressed for time, such 
as taking the sandwich out with their hands instead of using a spatula or wearing protective gloves. 

Therefore, ergonomic issues that needed to be explored further for the sandwich making task were the safety of the 
toasting subtask, the CTD risk due to the long-term use of the wrists repetitious~y and continuously standing, as well 
as the mental workload involved dealing with customers, background noise, making sandwiches, communicating 
with coworkers, etc. Although the sandwich making task is not particularly difficult, having so much to attend to and 
trying to do the task as quickly as possible since speed is a valued commodity, mental workload may be high. 

The second task analyzed was the slicing of green peppers using a small hand operated machine ( these machines 
will be referred to as slicers in the rest of the paper). Although there are a few different slicers used for different 
vegetables the one of focus in this study is for the green peppers. The individual slicing the vegetables needs to push 
the whole vegetable through the machine, which requires more force than one would expect, placing unnecessary 
pressure on the wrists. To make the slicer operate, the individual needs to crank a handle, making a circular rotation 
over and over again. This is to make the blades rotate to cut the green peppers. Therefore, both hands are doing 
something different to achieve the goal of slicing the vegetables, and both carry a potential risk for CTDs, as they 
are a strain on the wrists. This study examined exactly how inuch risk is involved. 

This task is also conducted standing up the entire time, so CTDs are a factor for that as well. For both the sandwich 
making and the slicing task, there is never a time, except for breaks, where the employees sit down. Kroemer et al. 
(1994) claimed that indeed, sitting takes up less physical energy as compared to standing and tends to put less stress 
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mi the lower extremity joints. However, sitting for long periods of time while doing the work is not always 
beneficial, as Kroemer et al. (1994) pointed out for example that low back pain seems to be more of a problem for 
seated jobs. Lehman, Psihogios, and Meulenbroek (2001) also suggested that standing is not always bad. In fact, 
they explained that there is more freedom of movement while standing and thus one-can cover a larger area of work. 

. Most research ( e.g., Kroemer & Robinette, 1969) however splits down the middle and generally "discourages a 
static ·work posture ( either standing or sitting) and states that changes in work posture are important in reducing 
fatigue" (Lehman, Psihogios, & Meulenbroek, 2001, p. 720). Kroemer, Kroemer, and Kroemer-Elbert (2001) 
discussed the semisitting concept, where the individual is not really completely sitting or standing, but is kind of half 
way in between. They can resemble stools or bicycle seats in a way, where there is no backrest and therefore no full 
support of the-body. 

Although mental workload is probably not an issue with the slicing task as it is with the sandwich making task, 
physical workload is probably more of a problem, as it seems to take a decent amount of energy to do the task, 
especially' for a while, and can become uncomfortable quickly. There is also_ a possible safety issue with this task 
because the spinning blades are exposed and have nothing·covering them to protect people's hands, like a grill. The 
blades obviously have to be sharp to some extent, and are spinning quite fast. As mentioned earlier, accidents rates 
are high among teens in the fast food industry, with lacerations common in addition to burns and falls (Pappert, 
2006). Therefore, ergonomic issues that needed to be explored with the slicing task were the general safety issues, 
the CTD risk due to the long-term use of both wrists repetitiously and continuously standing, and the overall 
physical workload involved. . 

THEORY ON CTD RISK ASSESSMENT METHODS 
CID risk assessment is especially important for these tasks, ·as they resemble some tasks that a small parts assembler 
or grocery store clerk would do. These occupations happen to be some that have a higher risk of CIDs. Of course 
res~archers can always, look back in hindsight and figure out what exactly caused CTDs after they develop and then 
implement changes. But what can be very helpful for employers and employees is to develop a way fo assess the 
CID risk beforehand in trying to pre.vent the disorders, which is not easy to predict given that it depends on many 
factors. Determining which factors have the greatest risk for CTDs are the ones that need to be concentrated on. The · 
literature shows several ways to theoretically assess how much of a CTD risk tasks entail. All have certain 
advantages and disadvantages. 

Several researchers have worked on determining what factors actually predict certain CIDs such as carpal tunnel 
syndrome. For example, Gell, Werner, Franzblau, Ulin, and Armstrong (2005) discovered that some of the 

· · significant predictors of CTD included mainly the past history of the individual, such as baseline median-ulnar peak 
latency difference, tendonitis in the wrist, hand, and fingers, and experiences with numbness or pain in the hands. 
These physical risk factors were unique to the individual, so this study suggested the importance of analyzing each 
CID risk situation to the specific individual. Even if currently the individual is not having problems such as the ones 
mentioned, the authors stressed that just having these types of problems in the past tend to increase the risk. 

Other research has shown that in addition to the individual physical risk factors, social support at work, which is 
more of an organizational environment factor, is significantly related to wrist tendonitis, which is one type of CID 
(Leclerc, Landre, Chastang, Niedhammer, & Roquelaure, 2001). The individual's age was also found to be related to 
CTD risk. Leclerc et al. (2001) discovered that for males, the risk factors for carpal tunnel syndrome revolved more 
around.biomechanical factors, whereas for females the risk factors most salient were weight or actually Body Mass 
Index (BMI) and job satisfaction. · 

One of the most comprehensive studies ·recently done on examining the risk factors associated with carpal tunnel 
syndrome (CTS) was done by Goodson (2006). The author examined several variables of interest, grouping them 
into three factors, those being occupational risks, ''personological" risks, and psychosocial risks. An analysis of 87 
patients with diagnosis of CTS and 7 4 individuals without any symptoms of CTS determined through self-report 

· · measures that repetition and wrist strain ( occupational), overall health and amount of exercise (personological), as 
well as job satisfaction (psychosocial) were significant predictors of CTS. Obesity was found to be a marginally 
significant predictor of CTS as well. 

Goodson's (2006) analysis focused on psychosocial factors such as job satisfaction but did not explore 
organizational factors. Although Leclerc et al. (200 I) did explore some aspects of the demands of the job, social 
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support at work, and job control, it did not explore several other important variables to consider with the 
organizational risk factors. McCauley-Bell and Crumpton (2000) determined that three of the most important risk 
factors for CID include task related, personal, and organizational factors. They included some of the psychosocial 
factors at the workplace such as peer influence found in Leclerc et al. (2001), but also included other important 
aspects, such as the CTD awareness and the organizational culture about ergonomics. Organizational factors should 
not be ignored because ultimately, the attitude and policies regarding training and practice, safety, and the physical 
and mental well-being of employees does carry weight. This larger focus on the organizational aspects distinguishes 
McCauley-Bell and Crumpton's (2000) analysis of risk factors from some others. The drawback with McCauley
Bell and Crumpton's (2000) formula is the.lower concentration on psychosocial factors. compared to Goodson's 
(2006}study, which isolated psychosocial factors from task and personal risk factors. Because McCauley-Bell and 
Crum.ton's (2000) formula also includes more organizational culture type variables that were not included in some 
other models, it was seen as the most beneficial formula. As with all formulas predicting CTD risk, the McCauley
Bell and Crumpton's (2000) formula quantifies the risk factors, which are combined into an overall risk value. 

METHODS 
Participants 
The participants for this study included one female and two male employees from the same sandwich fast food 
restaurant. The participants were selected out of convenience, thus a random sampling technique to select 
participants was not used. The mean age across the participants was about 20 years. Participants voluntarily 
participated in the study, with no incentive given. · 

Measurements/procedure 
E,:gonomics checklist: This assessment took a general look at the tasks, including certain factors such as workspace, 
physical comfort, and movement of the body and joints. Also a part of this assessment was observation and 
interviews with the participants to learn more about the ergonomic issues such as overall safety. With the actual 
worksheet there were a total of 19 items, requiring all dichotomous yes/no responses. 

McCauley-Bell and Crumpton (2000) CTD risk formula: This formula included three separate risk factors for CTD, 
those being task-related, personal, and organizational risk factors. Task related factors in this analysis included 
awkward joint posture, repetition, hand tool use, force, task duration, and vibration. The personal risk factors 
consisted of whether the participant had a history of previous CTDs, the type of hobbies and habits they have that 
put strain on their body and joints, their age, as well as their personal and family history of diabetes, thyroid 
problems, and arthritis. Organizational factors consisted of the type of equipment, production rate/layout, the 
ergonomics program, the peer influence, the amount and type of training, the CID level expected, and CID 
awareness by the organization. Each of these variables representing the three different risk factors were subjectively 
assessed on a scale from 0.0 to 1.0, with 0.0 being no risk at all, 0.2 representing a low risk, 0.5 representing a 
medium risk, and 1.0 representing a high risk. These assessments were made in collaboration between the researcher 
and the participants. These no-risk to high-risk values were then entered into equations where they were multiplied 
by certain weights specified beforehand by McCauley-Bell and Crumpton (2000). These new values were then 
added up to represent the total risk value for that particular factor. The overall value for a particular risk value was 
then multiplied by new weights established for each risk factor, resulting in new values for the three risk factors. 
These three values were then added together to result in an overall risk value on a scale from 0.0 to 1.0. With this 
analysis, one can determine which areas should be concentrated on to reduce the risk if it is high enough to be a 
concern. The CID risk formula was used for both the slicing task and the sandwich making task, but for just one 
participant, as the personal factors across the three young participants in the _study were virtually identical. 

Subjective physical workload measure: Subjective measures of workload using questionnaires are convenient, easy 
to use, and tend to correlate well with physiological measures ( e.g., Kroemer et al., 2001 ). They also capture the 
individual's perception, which is important, especially when attempting to measure discomfort. The amount of 
physical workload or physical exertion was measured subjectively using a Likert-type scale created by Borg (1982). 
Borg has created several variations of his scale, but the one used for this particular study ranged from 1 to 10, with 1 
representing minimal exertion, 5 representing moderate exertion, 7 signifying somewhat strong exertion, and 10 
indicating extreme exertion. This only measured physical, not mental workload, and was only used for the slicing· 
task. The scale is filled out several times while the individual is actually doing the task, in this case every five 
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. minutes for a total task duration of 20 minutes. This was the typical amount of time that the individuals would take 
working with the slicers. · 

Subjective mental workload measure: A variation of a measure for mental workload consisting of several bipolar 
scale items was retrieved from Damos (1984). The researcher for-this study felt that the measure needed to be 
modified so it would be easier for the participants to fill out and easier to anaiyze. In the original survey for each 
item, "subjects assigned a subjective rating by drawing a line horizontally.across the vertical line. Subjects' ratings 
were computed as the distance from the bottom line (0 mm) to the top line (110 mm)" (Damrnr;' l984, p. 571). What 
was thought to be a better method was to turn the items into Likert-type scales because participants were more 
familiar with them and it was easier for the researcher to calculate the results from it. The Likert-type scales ranged 
from 1 to 7, with the anchors varying for each item. However, the anchors were the exact same ones used in the 
measure mentioned in Damos (1984). The items were actually only terms such as "task difficulty" for instance, 
where the participant was supposed to rate the level of task difficulty on the given dimensions. The measure was 
given to all three participants, with only sandwich making as the task analyzed. Moreover, the participants filled this 
measure out retrospectively as it was not possible for them. to fill it out while in the middle of the sandwich making 
task. They were instructed to fill out the questionnaire thinking back to the typical busiest time of the day for 
sandwich making, in attempt to capture the highest possible amount of mental workload. 

Sound level measurement: Sound level was assessed using a special instrument called the Basic _Type 2 Sound Meter 
840019 .. The instrument has a digital display showing the amount of decibels of noise. The measurements .were 
taken on a weekday ~ound lunchtime, which is the busiest part of the day at the restaurant and thus wh~n the noise 
level should be highest. The amount of noise was measured throughout the sandwich restaurant, including the line, 
the sandwich making area, and where the customers eat. The amount of noise was assessed at several different 
places as well, including a busy sidewalk, another eatery, and a library to get a comparison. 

RESULTS 
Ergonomics checklist, observations, and interviews 
It appeared that there were several ergonomic issues just based on the ergonomics checklist, observations; and 
interviews. Although not all of the responses will be covered here, some interesting findings showed that the 
workspace was not very flexible. For instance, it did not allow for a full range of movement and the work surface 
could not be tilted or angled. The workstation was simply a flat table with really no maneuverability or adjustability 
for different heights. The workstation did require several different movements of the joints, particularly the bending 
and twisting of the wrists, extending of the arms and raised elbows, and plenty of bending and twisting at the waist. 
Further, there were no cushioned floor mats for the employees, which can be an ergonomic problem given that the 
employees are on their feet for the whole time they are working, of which they complained a lot about as being 
uncomfortable after a while. No chairs were used at the workstation and no armrests were present. The participants 
did express the safety issue of the toaster, as at least one of them had received a minor burn from trying to take out 
the sandwich. She claimed that at the time they did not have the proper tools to remove the sandwich from the 
toaster, and thus had to remove it by hand, without any protective equipment. Participants also mentioned the hazard 
with the slicer blades being exposed, and other sharp objects that are around. Based ·on the ergonomic checklist, the 
observations, and interviews with the participants alone, it would seem that there are several ergonomic issues that · 
need to be dealt with. 

Slicing task 
Borg Scale 
As can be seen in Table 1, the average physical rate of exertion for each of the three participants seemed to be 
moderate to moderately high. There was not much variability between the mean responses for each participant, with 
mean scores all around 6.5 on a scale· from 1 to 10. Of more interest however are the four individual ratings across 
the 20 minute duration of the task. For Participant 1, the rate of exertion tended to be slightly curvilinear, starting out 
moderately high the first five minutes, then increasing but leveling off for the next 10 minutes, and then going down 
to a moderate level of exertion. The participant explained that as the task was almost done, she felt more relieved 
and did not feel as much exertion. Participant 2 had a much more linear pattern, starting at a moderate level and then 
gradually increasing exertion as the minutes passed, all the way to a level of 9 representing high physical exert.ion. 
This suggests that at the end of the task this participant was quite tired based on subjective measure. The final 
participant had almost a flat line, with a constant amount of exertion for the first 15 minutes, and then a decrease one 
level at the 20 minute mark. So for the whole time, the participant was rating his physical exhaustion as moderately 
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high but level. The trend between each time interval reveals a fairly linear progression when observing the means 
across time interval, with the first five minutes being the least amount of exertion on average, and then the next 
several intervals having higher average ratings, with the last interval having the highest average rating. 

Table 1 
Borg Scale responses h across eac part1c1pant an d' time interva 

First Second Third Final Mean SD 
5min. 5min. 5min. 5min. 

Participant 6.0 7.0 7.0 4.0 6.0 1.41 
1 
P~cipant 4.0 6.0 7.0 9.0 6.50 2.08 
2 
Participant 7.0 7.0 7.0 6.0 6.75 0.50 
3 
Mean 5.67 6.67 7.00 7.50 
Stand. Dev. 1.53 0.58 0.00 2.12 

CTDrisk 
The task related risk factors included: Awkward joint posture, repetition, hand tool use, force, task duration, and 
vibration. The personal risk factors included: Previous CTD, Hobbies and Habits, Diabetes, Thyroid Problems, Age, 
and Arthritis. The organizational risk factors included: Equipment, Production Rate/ Layout, Ergonomics Program, 
Peer Influence, Training, CID Level, CID Awareness. 

Table2 
Determinatz ·on of aggregate CTD risk level for slicing task 

Risk Factor Relative Risk Factor (R-
Weight Value) 

Task .637 .834 
Personal .258 .250 
Organizational .105 .728 

Module 
Overall Risk 

.531 

.064 

.076 
Overall risk = 
.672 

The results in Table 2 reveal that the overall task risk factors are considerably higher than the other two overall risk 
factors. There are two reasons for this: one because task related factors had the highest R-value, and also because 
they had the highest relative weight based on the McCauley-Bell and Crumpton (2000) formula. As expected, the 
personal risk factor is rather low when considering the lo.w R-value~ based on a young and healthy individual. 
Although there was a high level of organizational risk factors -based on the R-value, the weight was small in 
comparison to the task related risk factors, resulting in a low overall risk for organizational factors. The overall risk 
resulted in a value of 0.672. This equates to a pretty high level of risk for the slicing vegetables task. This task may 
not be hazardous to an individual over a short period of time, such as if the employee only works at the sandwich 
restaurant for a semester for instance. Over time however, if the employee is there long enough, they could start 
developing symptoms ofCTDs that could get worse if the employee continues doing the tasks the same way. 

Sandwich making task 
Subjective. workload 
As observed in Table 3, the two item means that were particularly salient were with actual performance and comfort 
level, with a mean of 1.3 3 for both items. These were items that had to be reversed coded so that higher numbers 
were associated with higher levels of workload. This suggested that with the sandwich making task, the participants 
felt that their actual performance and comfort level was pretty high overall, which is inconsistent with high 
workload. If workload were high, one would have expected that the levels of actual performance and comfort lev~l 
would have been at least somewhat low. Other values of interest are the relatively high values for overall workload, 
time pressure, skill required, mental/sensory effort, and stress. The results of these items were consistent with a high 
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workload task and were overwhelming evidence that high mental workload is a problem for the sandwich ~aking 
task. Overall workload gives probably the best general assessment. Time pressure is high as expected with the task 
taking place during a very busy period, and mentaVsensory effort may relate to the background noise interfering 
with communication and cognitive processing. 

Table ·3 
Descriptive statistics on sub· t · kl d . d" "d l ·t ,,ec we wor oa zn wz ua z ems 

Means Standard 
Deviations 

Overall workload 6.33 0.58 
Task difficulty 3.33 2.08 
Time pressure 5.67 1.15 
Actual performance 1.33. 0.58 
Comfort level 1.33 0.58 
MentaVsensory 6.00 1.73 
effort 
Skill required_ 6.67 0.58 
Fatigue 3.33 1.15 
Stress level 5.33 0.58 

Note: Higher numbers for means represent more perceived workload 

Sound level measurement , 
The measurement of sound resulted in somewhat surprising results. Although the researcher thought that the 
sandwich restaurant environment during the busiest part of the day would result in very high noise levels, the actual 
level hovered around 70 decibels on average. This value is clearly within OSHA limits, which suggests that workers 
can actually be submitted to a full day of work non-stop with about 85 decibels (Kroemer et al., 2001 ). So 
permanent hearing loss for even full time employees is very unlikely. In comparison, the library had about 40 
decibels or less. A busy sidewalk on a college campus maintained anywhere from 50 to even 60 decibels. Another 
popular eatery with music, television, a bar, and an arcade had a noise level reaching about a maximum of 85 
decibels, so this was clearly louder than inside the sandwich restaurant. Nevertheless, the background noise of 70 
decibels may be loud enough to cause higher levels of mental workload, stress, and communication difficulties, all 
of which can lead to -errors. 

CTDrisk 
It seems that the risk level for task related factors is again the highest. This yielded a value of0.463. Because the 
same participant was used as in the slicing task CTD risk analysis, and the same organmitional factors applied, thus 
these values did not change. The organiz.ational factors actually had about the same R-value as for task related 
factors. _When the three overall risk factors were aggregated into one general overall risk, the value was about 0.6, 
suggesting a moderate amount of CTD risk. This means that the sandwich making task does pose a noticeable risk of 
CTDs over time if ergonomic interventions are not made to mitigate the risks, although there does not appear to be a 
severe CID risk. · 

Table4 
Determinatz ·on of a~weJ!ate CTD risk level for sandwich making task 

Risk Factor Relative Weight Risk Factor (R-
Value) 

Task .637 .727 
Personal .258 . .250 
Organizational .105 .728 
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DISCUSSION 
This study analy7.ed the ergonomic components of two tasks at a particular fast food sandwich restaurant based on 
overall safety, CTD risk, as well as physical and mental workload. The ergonomic checklist revealed that there were 
several ergonomic problems that may need to be addressed, in terms of what was and was not present in the 
workspace environment. Safety issues in terms of the toasting of sandwiches and the exposed blades on the green 
pepper slicer were of a concern, as they have caused injuries to at least one of the participants. Furthermore, 
constantly standing and working with the hands were complained about, along with the high physical and mental 
workload of the job. Further probing was needed using specific measures of CTD risk for standing and wrist 
movement, as well as physical and mental workload. 

Using the McCauley-Bell and Crumpton's (2000) formula for quantifying the CTD risks revealed that the overall 
risk associated with the slicing task was moderately high, although not dangerously high. The overall risk was high 
enough, however, that it should not be ignored, and ergonomic interventions should be explored to decrease the risk 
as much as possible. In comparison, the overall risk for sandwich making was also moderately high, although 
slightly lower than the slicing task simply based on the lower task related factors for sandwich making. There was 
also enough overall risk that there should be some interventions employed to bring those risks down as well, 
especially if an employee continued working at the sandwich restaurant for several years . . 

As Pappert (2006) mentioned, most of the fast food industry is made up of young employees who likely do not have 
any history of CTD problems, equating to little personal CID risk. With that said, it is conceivable that a young 
person could have had previous or has present CTD problems, so it would be interesting in future research to capture 
some of these individuals and include them in the analyses. Also, it may be possible, for instance, that a young 
person could be overweight and have health related problems because of it. Another possible scenario is that the 
in4ividual has CTD problems but maybe does not realize it. Future research should possibly examine the 
participants for CTDs rather then relying on just their responses. There are other CTD risk factors to consider that 
this study did not examine, such as more psychosocial factors that need to be explored in future research . . 

To analy7.e the subjective amount of physical exertion, the Borg Scale (Borg, 1982) was used for the slicing task. 
The results showed pretty wide variability in exertion across time. This highlights the importance of examining 
individual differences, as these were analyses of the same exact task for the same number of minutes. The overall 
mean values of exertion seemed to grow larger as the time passed. Continuing the task would be interesting to see if 
the exertion ratings would level off for everyone, no matter what the level would be. Some of the ratings of physical 
workload could have been partly due to standing the entire time in addition to pushing the vegetable through the 
machine and turning the crank. Perhaps if one were sitting or partially sitting (Kroemer et al., 200 I), the physical 
workload would decrease. Future research would need to examine further if this is actually a factor by conducting an 
experiment where sitting/standing was manipulated as an independent variable and subjective physical workload as 
the dependent variable. 

The results of the subjective workload measure suggested that several dimensions were quite high, reaching the ends 
of the scale. There were some noticeable scores that did not correspond to high workload however. Because this was 
a multidimensional measure of workload, it did not make sense to calculate a grand mean across all the items. Very 
often tasks will rate high on some dimensions and low on other dimensions of workload, so these· results are not that 
surprising. For instance, even if the person feels stressed and overloaded, they might still feel like they are 
performing well. More objective measures such as task performance or physiological measures cail be used as well 
to supplement the subjective measures in future studies. 

It should be noted that some amount of mental workload is good, and can even be considered necessary. One does 
not want too high of mental workload because that can cause .errors and stress, but too little workload can cause 
boredom and be as problematic as high workload (Wickens & Hollands, 2000). There is no way to tell how much 
subjective mental workload was actually affected by noise level without conducting an experiment. It could be that 
at the beginning, the noise level is a distraction, but after awhile the employees get used to it. Noise may also 
increase workload because the individual needs to put more effort in concentrating on remembering what to do and 
what the customer is asking for, sometime while working with multiple sandwiches and multiple people talking to 
them simultaneously. Noise can also be especially problematic because a lot of the task comes down to good 
communication between the employee and customer or another employee ( e.g., cashier). 
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Future research should include more participants to get a better representation of the results for the population of 
employees who work at these sandwich restaurants, which is advantageous because of the amount of individual 
differences. More sandwich restaurants under the same company should also be examined, as this study only 
examined one particular restaurant. In addition, other sandwich restaurant companies could be compared, as there is 
certainly more than one organizatio~ that makes sub sandwiches. · · 

Recommendations 
Starting with safety in the sandwich making task, one alternative to prevent bums from the toaster is to divide the 
work so that one person takes care of the toasting during busy times as opposed to having one person creating 
sandwiches, putting them in the toaster, and getting them out. Having one person focused on the toasting task would 
enhance safety because the employees would not be as overloaded, leading to less careless.errors committed because 
there is not as much desire to take shortcuts. The individual working the toaster would have their attention focused 
mostly on that part of the job. The toaster person should also wear some protective gloves to prevent bums, which 
someone juggling several tasks would be less likely to put on and off because it is a hassle. Thus, this 
implementation should reduce the workload as well as enhance safety. For the slicing task~ where the sharp spinning 
blades are exposed, the obvious thing to do would be to put some type of grill or covering on it so that it would 
make it very difficult to stick your hand into the blades. It could be like what is on a cooling fan, except on the 
bottom there .would be an opening so that the slices of vegetables would fall through. 

For the physical exertion that was moderately high for the slicing task, it may be a good idea to improve the 
machinery or even make it completely automated, which would not be overly expensive. If the main problems are 
spinning the blades and pushing the vegetables through the machine, it would probably be best to have something 
where the individual just presses a button and the work is done for them. Although there would surely be some , 
expense in buying the new and improved machines, it would probably be more cost effective in the long-term if it 
could prevent injuries .such as CTDs and enhance job satisfaction. If purchasing automated equipment was not an 
option, then the machinery should be at least made so that there is not as much force required to push the vegetables 
into the slicer, and that the awkwardjoint movement is eliminated. Also, the green peppers could come pre-sliced 
like some of the other vegetables, although there is a problem there with the vegetables not being fresh. 

Unfortunately automation is not an option to decrease the risk of CTDs for the sandwich making task. The 
workspace can be redesigned, however, so that everything is within reach, semisitting could be implemented, a floor 
mat could be provided for more comfort, and possibly arm rests could be built. As mentioned earlier, an alternative 
to standing the entire time, which is not recommended in the literature (Lehman et al., 2001 ), is to have some 
combination of sitting and standing as pointed out in• Kroemer et al. (2001 ). Possibly they could have a stool type 
mechanism that is tilted forward where there is no back support necessary. The individuals would be almost 
standing but there would be enough sitting support that they would not be completely standing. Experiments could 
test whether actually having this system would be beneficial based on subjective comfort of the employees. It would 
also help to avoid putting new employees working when it is the busiest time because they are likely not ready for 
that high workload. More breaks during the busy lunch hour would also be beneficial. 

It may be a good idea to implement a new computerized ordering system, which would eliminate communication 
errors and the stress and workload that accompanies trying to communicate while doing several other tasks with a 
lot of background noise. The customer would walk up to a computer screen where they would enter in their 
sandwich or salad choice, with the bread, meat, cheese, vegetables, and condiments that they want. The interface 
would have to be easy to use so that just about anyone could use it with making little to no ~rrors. Of course the 
implementation of this system does not mean that there would not be any communication. The employees may want 
to double check the order with the customer, and communication would be needed for things like how much mustard 
the customer wants on their sandwich; It would just reduce the amount of communication necessary. The ordering 
information would go right to the sandwich maker and then to the cashier, which would speed up the process and 
should generate much fewer errors. The key would be to eliminate the communication errors due to 
misunderstandings and misinterpretations and should reduce the mental workload. 

Conclusions 
Overall, a better ergonomic program and awareness of ergonomic issues needs to be considered. The employees 
need to be much more involved in the ergonomic program, and ergonomic education should be a regular part of the 
training. The key is making organizations such as the one examined in this study realize the importance of assessing 
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ergonomic issues ( e.g., safety, CTD risk, physical and mental workload) and how much of a risk they are for errors, 
accidents, and injuries. Often times they do not want to deal with them because of time and money, but in the long 
run it is much more profitable to implement a good ergonomic program, which would benefit everyone involved. 
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USABILITY OF DIRECTV.COM 

Brandon Miller, Justin Regier, Jeff Wittup, Candace Pytel 
Florida Institute of Technology · 

INTRODUCTION . 
DIRECTV.com is a website for the DIRECTV Corporation that offers quality programming to a wide variety of 
subscribers throughout the United States and Latin America. DIRECTV .com is a way to purchase satellite services 
from the DIRECTV Company without having to leave the privacy of your home. The professional assistance that 
can be obtained from a technology retail store can also be obtained through the DIRECTV .website. Customers can 
select and purchase specific packages, which include the particular features that each individual customer desires. 
Some of,he different features that can be purchased consist.of: HBO, Showtime UnlimitecL Starz, Cinemax, NFL 
Sunday Ticket, Pay Per View, ESPN Sports, Playboy TV,_BabyFirst TV, and many more. For every.particular 
option available, there is a full description of the package and other options that are also available with the chosen 
selection. Some of the particular packages that can be purchased are: Total Choice, Total Choice Plus, Total Choice 
Premier, Family Choice, and Titanium. The Total Choice package has over 155 quality channels that include things 
such as: movies, sports, family, and music programming, the Total Choice Plus package has over 185 channels to 
choose from, some o( which contain great family and entertainment programming. The Total Choice Premier 
package has over 250 channels that can be selected. Some of these channels include 31 premium movie channels 
and 25 specialty sports networks. DVR service can also be added for those customers who currently have a 
DIRECTV DVR. The Family Choice package consists of over 40 channels with programming that is suitable for 
chil~en of all ages. This package also includes religious and family entertainment channels. The Titanium package 
is a limited edition for specific DIRECT customers. With this particular package you can receive unlimited 
programming, outstanding service, and better-quality technology with the most all-inclusive entertainment package. 

--~----· ----· -··--
Cont.."ICt tb 
ParMfel CtrittoJ: 
OIRECTV4Sr...h00ls: 

Fi-d LOC41 Channels 
Order Now , -888-7'17•2AS4 I) c-,......, Your C- I> ,s.,.., Up To $V6 I> FREE,_, Rec_,.,, 

------ a--bntpo1ceanthe ~-to••---ri> ----· ---ttw•-· pleture---,.--. 

. ffll ,rr, . 
Figure 1 

ORDER 
TODAY 
AND GET 

The DIRECTV website is designed for the user to easily purchase the service or package of choice. 
The user will easily be· able to locate their online account where they can either select a new service or make 
adjustments to their current service. If a person is a new customer to DIRECTV, they will be able to go to 
DIRECTV.com and click the "Buy Now" button located on the top left corner of the print screen of the page above. 
If the customer does not want to currently purchase a package they can browse through the site for available 
packages. The user can determine if any of the packages appeal to their preference. The customer can also calculate 
the expected price of any of their perspective packages before having to make the final decision of purchasing or 
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not. Also available to the user on the website is information on the DIRECTV Company. This information is located 
at the top right comer of the website under "About DirecTV''. If further information is needed or required for any 
specific questions the user can easily access contact information such as email addresses or company phone 
numbers. In figure I the company contact information is located on the bottom left hand comer of the page under the 
heading "Quick Links". 

The researchers decided to choose this particular service to focus our usability testing on because we wanted to see 
if actual DIRECTV potential customers thought the website was as easy and efficient as the company is hoping for. 
Two of our group members had to use DIRECTV in an alternate project and due to the. extensive knowledge 
accumulated throughout the alternate research our group felt that DIRECTV .com was the most appropriate service 
to select to _focus on for this Human Computer Interaction project. 

~-·- ~ ---

METHEDOLOGY 
DIRECTV.com was chosen because one of our team members has previously researched DIRECTV.com 
extensively over a period of time previous to this Human Computer Interaction project. Since the group member has 
done extensive research the group as a whole felt that researching DIRECTV.com for this project would be far more 
efficient than choosing an entirely new topic which no one has any experience studying. DIRECTV is a large 
business industry that has had much success over the years, and it would be interesting to experiment on the website, 
which they use to generate a good amount of their revenues. A successful website has many good qualities and those 
qualities will be revealed while surveying our randomly sampled subjects. These qualities will be more easily found 
because we are choosing to randomize our sampling pool. Random sampling is so important because every person is 
different; no two people think exactly the same. One person may be a better test taker than another; one may be 
more sensitive than another and so on. These are called "individual difference variables." So when we randomly. 
sample, all of these individual difference variables are averaged out or averaged across conditions. This is similar 
to "all things being equal" that you may have heard about in economics. Without randomness we run the risk of 
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having too many of one type of person, and this will ·effect our results. Another reason we chose to d_o Dire~t TV is 
because with the internet age booming, E- commerce is seeing a rise in popularity, and Direct TV uses there website 
as a large source of their business. Our group felt that it would be more interesting to research a sector of business 
that is currently booming.- Being young entrepreneurs our entire gr~up found the thriving e-commerce sector of 
business to be fascinating. We felt ~at learning and researching about E-commerce would benefit us in our future 
endeavors. . 

To complete this research we developed numerous types of test documents and instructions. Fifst we created the 
Test Plan, which are PowerPoint slides that contain questions needed to pe answered about our study regarding how 
we will conduct our usability testing. Following the Test Plan is the Informed Consent Form; it is a form that is,, 
required to be signed by all of the random subjects. The consent form is signed to give us p~rmission to use the 
information given by each individual subject. After the Informed Consent Form, the IRB form was completed. Also 
known as .the Use of Human Subjects Form. The IRB form describes to the school campus what the usability test is 
about, it also discusses the information that will be gained while we conduct the experiment. It also allows us to 
attain permission from the campus to conduct the experiment on the grounds of the institution. The first survey 
completed is called the Pre-Survey; it gathers information about the subject before they take the test. It gives 
background information on the area we are testing, while also providing us with demographic statistics of the 
subjects. Given to the user following the Pre-Survey is the Pre-Test Instructions. Each subject is given a copy before 
they begin the test. The instructions include the risk of the test and other relevant information regarding the topic. 
The next piece of information the subject receives is the usability testing instructions. This is a set of instructions 
that is given to each participant that lets them know the steps they will be taking throughout the experiment. Our 
instructions involve the subject going to the Direct TV website, finding how to buy packages, choosing ·certain 
packages, selecting the receiver type and then entering all of the information required to purchase the service you, 
desire online, once that is done we stop them when they come up to the payment stage of entering credit information 
on.the website. 

Also included is the Usability Testing Form. This is the form that we use to keep track of the task that the user is 
working on while they complete our instructions. The user can also add any comments or errors that they would like 
to suggest about DIRECTV.com. Following the Usability Testing Form is the Post Survey; this is given to the us.er 
after they complete the test. Included in the Post Survey the user can state their likes and dislikes of the 
DIRECTV.com website. The fmal step is the debriefing/interview; this is where the experimenter thanks the user for 
their participation ai:td where you can gather any additional information that might be necessary. 

· · We randomly selected a pool of applicants to participate in our study. Each applicant was given a number and then 
we randomly picked out of a hat each number to make sure that sampling was random. This will allow us to 
eliminate any possible errors to the best of our ability. 

LITERATURE REVIEW 

The Impact of Internet Usability on trust in Web Retailers 
Marie Christine Roy, Olivier Dewit, and Benoit A. Aubert preformed a study titled "The Impact of Internet 
Usability on trust in Web Retailers". Web retailing has been rising very aggressively in the past years, and it is 
expected to rise tremendously in the very near future. The only impediment in the way of this massive growth is lack 
of trust on the part of the potential customer. As the ecommerce industry continues to grow and mature its success 
will ultimately be based on gaining and keeping the trust of the user or potential customer. Many believe that the 
quality of the website interface and its µsability is what achieves the trust of the user. The article we found describes 
a study where 66 subjects were told to purchase a book in a series of sites and each site had varying interface 
quality. The study found a strong relationship between the quality of the interface and the trust obtained from the 
user. The study also found that some components of the user interface were more influential than others. 

Influencing the online consumer's behavior: the Web experience 
Efthymios Constantinides preformed a study titled: "Influencing the online consumer's behavior: the Web 
experience". This articles studies one of the key issues in e marketing: how to attract and win the trust of the 
cQnsumer in the highly competitive Internet market world. The study analyzes how online consumer's behaviors 
can influence the outcome of online interactions and online purchasing by targeting their marketing ideas· on parts 
of the Internet the user has experience in. Identifying areas the user is familiar with and understanding their role as 
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inputs in the online customer's decision making process are the first step in developing and delivering an 
attractive online presence likely to have the max impact on internet users. Many website firms which main 
purpose is influencing their client's perceptions on the net; they focus on driving people away from e-commerce 
and focus on driving people towards traditional stores. The study makes a huge contribution the debate about the 
factors influencing the online consumer's behavior and also outlines some very huge similarities and differences 
between traditional and e-commerce customers. 

Effective Websites for small and medium-sized enterprises 
In Mike Thelwalls article "Effective websites for small and medium-sized enterprises", he talks about the millions of 
the UK population that are now online and using the Internet to make purchase decisions. Businesses need to make 
the decision if an Internet website is going to give them a new market opportunity to gain an advantage in. 
Numerous businesses around the world are now using websites as part of their business operations. Within these 
businesses there does seeni to be a quality problem that is occurring alongside the website operation. Thelwell 
believes this from the results of a large automated survey of 3,802 small UK business sites. Test results revealed 
there is a large problem in a relationship between individual websites and search engines finding these websites. 
Most users find websites through a search engine of some sort, for example, yahoo and Google. Over half of the 
sites checked in searching were not registered to these large search engines; therefore, these companies could be 
missing large numbers of potential customers from not being able to find and view their websites. The underlying 
problem seems to be the lack of technical experience and knowledge of website designers. There is also a lack of 
experience and knowledge within the organization and managers itself. Designers need to take in serious 
consideration of the websites usability, design, and the sites ability to fulfill customer needs. Thelwell believes that 
managers need to start dictating the website objectives during the creation process, and they cannot fully depend on 
the professional website design companies. They must be able to understand the website themselves and evaluate the 
quality. Thelwell also believes that educators need to emphasize these issues to new designers and managers to try 
and reach the Internets full potential and business market opportunities. 

A new type of product that is being introduced is hitting the market with a boom .. This new product is called 
Clickdensity. What the product achieves is better website usability for your customers, and your employees. It will 
allow you to see how each site mapping out where the user is clicking uses. Clickdensity is not another statistics or 
web analytics tool - instead it allows you to analyze the user experience and identify usability and information 
architecture issues that would have been impossible to identify without it. Clickdensity uses heat maps to identify 
popularity components on your web page. Since launching their product two months ago Clickdensity has proved to 
be a complete success. Many large companies such as Pepsi, Robinsons, and Tango are already enjoying the visual 
insight into their website usability Clickdensity offers. It has allowed these companies to get a new level of 
understanding about web user behavior. For the first time ever these companies can witness how effective the 
navigation and page designs are. The visual quality of Clickdensity reports makes them ideal for presentation to 
non-technical audiences. When your marketing department asks for a report on the benefits of a recent change 
you've made, what could be better than to show them before and after heat maps? Also, the ·current software out 
tells you about popular pages, but it does not know about the certain.pages that are not being used. With 
Clickdensity unpopular links and pages are immediately discovered. You can also use Clickde~sity to see where 
your clients shouldn't be clicking, for instance, what if you have blue text on your webpage that people are 
mistaking for a link. What if you have links tha~ are in a small font, which clients are missing? With this new 
technology you will be able to pinpoint the poor usability problem. Despite the early success of Clickdensity and the 
new additions they have introduced, the Clickdensity team will not be complacent, upgrades are constantly being 
made to further the Clickdensity experience. 
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The final ·article we found is written by Buhle Mbambo and Johannes C. Cronje, the title is "The Internet as an 
information conduit in developing countries: an investigation of World Wide Web usability among small and 
medium textile enterprises in Botswana". They discuss how the Internet is the technology of the century; they expect 
th~ Internet to reduce the gap between devolved countries and non-developed countries. These two men researched 
the validity of that statement of the Internet helping reduce the gaps between developed countries arid non
developed countries. Their study ofthe Internet is examined into two levels of research. The first level is called the 
macro level of issues of Internet connectivity in developing countries and the second level is the micro level of the 
usability of the World Wide Web (WWW). The developing country that the research was completed in is called 
Botswana. The two research levels were studied in depth to provide the knowledge that answers the question, does 
the Internet redll;ce the gap between developed countries and non-developed countries. Basically, to sum up the 
study the two men Buhle Mbamo and Johannes C. Cronje found that all of the entrepreneurs that were involved in 
the study from Botswana found a website easy to use. They took almost no time at all to become adept at navigating 
most websites very easily; it is probably because they have a much higher education than most people in Botswana. 
The study also found that there is a need for macro policy to create national and global environments for using the 
Internet. What that means is that Botswana's government needs to implement a policy that makes sure the internet is 
easy to access for all citizens of the country, no matter what ethnicity, religion, or even social class they belonged to. 
No matter who it is, they need access to the Internet. In today's world the internet is so valuable because it makes 
everyone connected to everyone, it makes networking so easy, and networking is the key to having the gaps in 
undeveloped countries to become smaller and smaller. The study in Botswana proved that the gap between 
developed countries and undeveloped countries is slowly decreasing, and hopefully soon the world will be closer to 
an ideal society sooner rather than later. 

RESULTS 
Our group surveyed a random sample of six people to test the usability of the DIRECTV website. Our subjects 
consisted of three males and three females. We wanted to make sure both females and males evenly· surveyed our 
usability test in order to eliminate bias views. The experiment consisted of a wide age range of individuals; these 
people range from freshman in college to graduate students. We had one freshman, two sophomores, one junior, one 
senior, and one "other''. We have also taken into consideration that out of our six subjects, two people have never 
used DIRECTV .com, two people have used the system once our twice before, and two people use it often. 
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Figure 6 
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When we had originally mapped out our instructions, we had all intentions on our testing process being between ten 
and fifteen minutes long per subject. Throughout out testing we realized that Qur explicit testing questions were only 
ranging between four and ten minutes long. Even though our testing process was _shorter than originally planned, 
every selected subject completed all of the required tasks. 

Getting to DIRECTV .com was an easy task for all six users. The only problem that seemed to arise and slow down 
the users from completing this particular task was the· time it too~ for the computer to actual load the website. Other 
than that, accessing the website was an easy task for our subjects to fulfill. Determining where to go on the website 
to be able to purchase the package of your choice was an extremely easy task for our subjects. Almost of them 
realized the "buy now" button was at the top left of the homepage. When it came to actually selecting the package 
that our group had previously chosen for our subjects to be able to choose seemed to be a bit of a problem for some 
of our users. When being asked to select the "Total Choice" package, many of our subjects choose the wrong 
package or had a slight problem when determining which "Total Choice" package was the correct one to select. For 
the most part, finding HBO, Showtime, Sports, and Sunday Ticket, was relatively easy and quick for all of our 
selected subjects. Selecting the receiver was also easy to complete but some of our subjects felt. as those we needed 
to be a bit more specific when giving instructions on what particular receiver was to be selected. As for the 
information section of the purchasing process, we figured out that some of our subjects took longer than others due 
to their individual typing skills. Some also had significant problems with choosing a password. The password had to 
be at least eight characters and many of our users did not feel as though this was necessary. Some of our users also 
had been told by the system to change their password more often than not. Other than the password, the information 
section took a relatively short period of time for the amount of information needed to be filled out. Overall, all six of 
our selected subjects completed the task at a significant pace and without any tremendously overwhelming 
difficulties. 

Color choice and font selection ofDIRECTV's website seemed to be successful with both male and female 
observers. When it came to judging these two aspects of the website, basically all of our subjects appreciated the 
color scheme and font used by DIRECTV.com. For the most part, our subjects all finalized their verdict that 
DIRECTV .com is moderately easy to use. Some of the pages were a little crowded with different pictures and 
options available to the user and due to this, some of the subjects felt as though they were getting distracted from ~e 
task at hand. All but one of our users decided that the company's information should be strategically placed 
throughout the website and each individual page needs to be much less cluttered. 
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CONCLUSION 
As a whole we were very happy with the way our usability testing was completed. DIRECTV .com provided us with 
a good understanding of what it takes to create a usability-testing project. We were also able to learn the different 

· ways that the tests could be presentep and all the different forms of information that was needed to complete the test. 
The overall usability ofDIRECTV.com·was very positive. The site was able to handle all the tasks that we asked our 
experimenters to complete. There was never really a struggle with getting any of the tasks done that were at fault to 
the website. If a problem did occur it was because the experimenter was not taking their time in \ ~ompleting the tasks 
at hand and wanted to jump to the next step. When these experimenters were not taking their time they were also 
making mistakes that were not allowing them to move forward, and this was causing problems and they began to get 
frustrated with the website. This is where the biggest problem was found, we wished we wQuld have made it more 
clearly in the instructions to take your time and read everything first not just try to speed through the tasks. The most 
important _problem we had that was consistent throughout all tests was the time it took for all the tasks to be 
completed. We expected that going through these tasks would equal a time· of around fifteen minutes. The end result 
ended up being around ten minutes for everything to be completed. We believe this again comes from the fact that 
we needed to be clearer in our directions about taking your time and reading everything; this might have slowed the 
process down. We personally asked experimenters what they thought of DIRECTV.com and if they would ever 
consider using the website to order the service. It was found thatmost people had no problem with using the website 
to purchase the system and giving out their personal information. In general they found the site to .be very easy to 
use and user friendly and effective for what they were hoping to get out of the website. Overall the usability test ran 
smooth and without any problems. If we were to continue testing or do another test on a website, we suggest that we 
would make the definitions more clear as to take your time and DO NOT skip ahead when making certain choices 
throughout the testing. We believe our·test was positive and'fulfilled the questions we were trying to answer. 
DIRECTV is a very user friendly website and we would all recommend this service online to anyone who is in need 
of a satellite system service. 
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USABILITY TESTING ON HALF.COM 

Kemble Li Ng, Anthony Romero and David Michael Palmisano 
Florida Institute of Technology 

ABSTRACT 
As a group, the experimenters have conducted a usability testing on a widely used website, Half.com. In the 
experimenters' testing, the experimenters are trying to find out if the website is subject .friendly, easy to navigate, 
and if there is a method users often use to look up items on the website. At the end of the usability testing, the 
experimenters ask the experimenters' subjects if they would recommend any changes to the website. 

INTRODUCTION 
Commonly thought of as a website where students can purchase cheaper textbooks and school supplies is 
www.half.com; the experimenters are going to put www.half.com to the test. 

Usability testing for products, when done properly, proves to be an excellent method of working out defects and 
bottlenecks, while at the same time helping to reduce or even prevent recalls. Usability testing leads to increased 
customer satisfaction, productivity, and customer loyalty. Furthermore, the time and money spent on usability 
testing shows great returns on investment. Studies have proven that the time and money spent on web site develop
ment, site maintenance, and training and support could have been saved if usability testing was a major considera
tion in the early planning stages of a website. IBM, (Neilson, 1998) for example, claims that for every one dollar 
spent on usability, somewhere between ten and one hundred dollars will be saved. It is evident that usability testing 
should be a serious consideration in all stages of product design and development. 

The experimenters had the opportunity to conduct a limited usability test on www .half.com. The subjects were 
college students. They were given a book and asked to find that exact book oii www.half.com using all available 
search methods as quickly as possible. Their results are to follow. 

During the usability testing, subjects type in different fashion and styles. Some are able to not look at the screen and 
know what they are typing, while others use one finger to type everything. This point is very interesting because it 
may be assumed that the person that types faster will be happy to find the certain book on www .half.com. However, 
the subject with the faster key strokes tends to make more mistakes with the key board. 

Another aspect to look at is what key words subjects typed in the search bar. Some subjects will type in the whole 
title of the book and others would just type in the major titles, such as International Business. 

LITERATURE REVIEW . 
Product usability testing has proven itself to lead to increased cost effectiveness and customer loyalty. Usability 
testing is the process of examining a product, or website in th~ experimenters' case, in great detail to determine 
improvements, modifications, and to remedy the defects that may arise. According to IBM, for every dollar spent on 
new and existing product usability tests, they will save between ten and one hundred dollars thanks to the early 
recognition of defects and areas of improvement. IBM claims that due to extensive usability testing and the reduced 
amount of defects, product returns and recalls are diminishing, service and technical assistance has slowed down, 
and brand name recognition, quality perception, and custome.r loyalty are on the rise. (Neilson, 1998) 

If more companies, both large and small, would take the time and investment that 1MB did, then perhaps they too 
can experience the fruits of a prosperous business. Usability testing, especially on websites (the area in which the 
experimenters will focus) is relatively inexpensive. It takes 39 hours to usability test a website the first time a person 
tries. This time estimate includes planning the test, defining test tasks, recruiting test users, conducting a test with 
five users, analyzing the results, and writing the report. With experience, Web subject tests can be completed in two 
work days. (Neilson, 1998) · 

Through research, the experimenters have learned that a website usability test similar to the one the experimenters 
conducted has been done on a much larger scale. In a recent project at the Technical University of Denmark, Rolf 
Molich and Christian Gram (1998) collected data from fifty teams of students who conducted usability tests of 
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commercial websites as part of a subject interface design class. The average time spent by each team was thirty nine 
hours. Furtherinore, the students had sat through fifteen hours of lectures on subject test methodology. These 
numbers are an upper estimate of the time investment the first time a person decides to subject test their site 
(Nielson, 1998). With experience it is possible to conduct much more rapid subject-tests of a site. Good test tasks 
can. be written in one or two hours, recruiting can be outsourced to a recruiting firm ( at a cost· of less than $1,000 for 
five users), the actual test can be done in a day, and the results can be analyzed in a few hours. If a person is a 
member of the design team, then there is no reason to write an extensive report which nobody will read, so reporting 
can be done in an one-hour meeting supplemented by a summary that takes 2-3 hours to write. To total, a discount 
usability study takes only two work days once a person knows what they are doing. It is apparent that the time and 
money spent on a usability test of a website is truly economical and beneficial. Even though experts can do the' 
work more efficiently (and usually with better results), it is encouraging that utter beginne~ could complete a full 
Web usability project in less than one week. This truly proves that "limited budget" and "lack of time" are not valid 
excuses ~or inflicting difficult sites on your users (Nielson, .I 998). The students tested nine large Danish sites: seven 
sites from major Danish corporations as well as the Univ~rsity's own site ·and the university library's site. 

Besides the research done at the Technical University of Denmark, usability testing is not all about the money. As 
stated in human-computer interaction literature, usability has been defined as ease of learning, efficiency of use, 
memorability, error rates and preferences (Shneiderman, 1992; Hix and Hartson, 1993; Nielsen, 1993). Looking at 
these criteria individually will impact an organization as a whole on how they would develop and gro~ into a larger 
organization. With fewer errors and more efficient use of its resources, an organization can gain a competitive 
advantage over its competitors. 

In consumer usability testing, there are performance-related dimensions of usability as perception/cognition, 
niemorization/learning, and control/action. Included is a sample list of each dimension. The perception/cognition 
dimension includes the attributes of directness, explicitness, modelessness, and observability. 
Memorization/learning includes consistency, familiarity, informativeness, and learnability. The control/action 
dimension of usability includes accessibility, adaptability, controllability, and effectiveness (Babbar, 2002). 

Another important aspect of usability testing is the image of the product. The image/impression aspect of usability 
includes elements such as shape, heaviness, balance, texture, salience, comfort, convenience, acceptability and 
satisfaction. Th~ Kansei engineering approach, defined as the translating of customers' feelings and image of a 
product into design _elements, emphasizes the .iinportance of the subjective aspect of usability (Nagamachi, 1995). 

Product usability and design are closely integrated concepts and must be simultaneously considered. Usability is 
both an input to, and an outcome of, product design, that can be harnessed as an important strategic resource by 
firms (Lorenz, 1994 ). With constant customer feedback, an organization can iinprove on their product lifecycle and 
expand their product line if the usability testing recommends it. As the subject becomes more familiar with the 
product, the subject would· gradually sway towards an organization that would listen to his or her comments and 
recommendations. Unlike some of the big organizations that only listen to the management decision, smaller 
organization can ·depend on subject's honest feedback. 

Since the subject/customer is the essence of making business, organizations need to make their products to their 
users' requirements. The capacity to empathize with customers and to gain insights from them is the single most 
important skill with which management can effectively shape and enhance the usability of products. Thjs capacity is 
just as important for designers of products as for managers (Busby, 1998). Unfortunately, ~ost managers retain 
only limited contact with customers, as their organizations grow, and rely instead on reports from subordinates and 
secondary information to define the sense of market for them (Gouillart and Sturdivant, 1994). Organizations that 
tend to ignore the customer feedback components will be less likely to maintain a brand loyalty from customers. 

METHODOLOGY 
1. The experimenters choose to do a usability test on www .half.com website. 
2. The experimenters have developed a set of documents to include with the testing of the website to help instruct 

the subject. The documents consists of: 
2.1 Informed Consent Form- a mandatory form that is required to be signed by the subject 
in order to get the subject's consent. 
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2.2 Pre-Survey- A survey given to the subject prior to the initial start of the usability 
testing. 
2.3 Pre-test instructions- Brief introduction on the testing. 
2.4 Usability testing instructions- Set of instructions that the subject receives prior to the 
testing that explains the tasks that each subject is expected to complete. 
2.5 Post-Survey- A survey given to the subject after the test has been completed. 

3. The experimenters consists of three students; each responsible for recruiting two users to participate in the 
usability testing. . 

4. Once each experimenter has recruited their subjects, they will begin the testing with the computer open to 
www .half.com using a computer of their choice. 

5. Next, they will be instructed to read over the Informed consent form and sign if they agree to 
participate. 

6. Once the consent form is signed, the subject will be given the Pre-test instructions to read. 
7. Once read, the subject will then observe the website and provide their input by filling out the pre- survey. 
8. Next, the subjects will be given the Usability testing instructions to help instruct the subjects through their 

testing. Subjects are instructed to look up three books on the website by using three different methods: Title, 
Author, and ISBN. Subjects are observed and timed by the experimenter. The experimenter will write down 
his or her observation about the subjects that would enhance the usability testing. 

9. Once all tasks are complete, subjects are asked for their input by filling out the post-survey. 
10. Lastly, the subjects will be debriefed/interviewed, which involves thanking the subject for participating and 

gathering any additional information if needed, after the usability testing. 
11. The setting should be in an environment that the subject is use to when using www.half.com, for example 

their home. This is also referred to as naturalistic observation. The background noise should also be 
taken into affect, because it will affect the subjects' mood. 

12. The experimenter will be able to help the subjects when they are stuck in a situation, in this case, it will 
minimize frustration and anxiety for the subjects. 

13. Looking at the interview techniques, the experimenters also suggested that they do not sit close to the 
subject because it will cause them to go faster than normal home. 

14. Again, the experimenters need to watch for non-verbal communication, such as posture and facial 
expression, of the subject. If the subject slouches, then that means he or she has no interest in buying 

from www.half.com. On the other hand, if the subject wants to search through the website after the 
debriefing, then it could mean that he or she is very interested in buying something in the future. 

RESULTS 
After careful analysis of the survey results, the experimenters find it hard to come to any concrete conclusions about 
www.half.com. The range of answers to all the questions were scattered with no identifiable trends or patterns. The 
survey's possible answers are noted by a scale as follows: 

Strongly Disagree 2 3 4 6 7 . Strongly Agree 

Question one stated: "I am initially confused due to the amount of clutter on half. com: " 
As a result, three people answered ''two" and there was one answer for ''three", "six", and "seven." More people 
found the website not to be confusing due to the clutter. 

Question two stated: "When I go to half. com I need to take a 'minute to orient myself with how the website is laid 
out." · 
The scores favored "strongly agree." One person answered a ''three" while three people answered "five." The 
remaining two survey answers were "six" and "seven" respectively. 

Question three stated: "I would defini!ely purchase a book from half. com. " The answers were widely scattered. Two 
subjects answered ''two", one person answered "five" and "six" respectively, and two people answered "seven." 
From this the experimenters can speculate that perhaps people are uncomfortable purchasing online or maybe they 
had a bad experience in the past with half.com. It would be interesting to conduct a future study as to why these 
answers were scattered. 
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From question four,"the experimenters were able to extract.one definite conclusion. It stated, "!found that the easiest 
way to search for the book I was looking/or was by:" The subjects had the options of A-By Title, B-By Author, or 
C-By ISBN number. As was predicted, on ·a11 accounts the subjects found searching by ISBN Number to be the most 
effective. · · 

Question five was also fairly scattered. It stated, "It was time consuming to search for a book on half com. " Two 
people answered "one" and two people answered "six" and "seven" respectively. Although these .answers were 
relatively scattered they did weigh on the side of strongly agreeing that it was time consuming to search for a book. 

Question six asked about the improvement of the subjects' initial impression of the website now that they have used 
it. As stated; My initial impression of the website has improved now that I have searched for a book. " The subjects 
also favored strongly agreeing to this statement. Three people answered "five", one person answered "six" and two 
people answered "seven." From this the experimenters can conclude that as people learn to use the website they will 
become familiar with it and perhaps alter their attitude toward this site. Again, additional research will have to be 
conducted to test the validity of the conclusions. 

As the experimenters reviewed and analyzed the surveys, a drastic flaw was identified that was not recognized early 
on. In the study, the experimenters only surveyed males. Females were not taken into consideration thus possibly 
causing the experimenter:s' experiment results to be invalid. 

OBSERVATIONS 
When observing the subjects, the experjmenters could tell th~t they did not enjoy ~earching for books, but would 
like to-look for DVDs, CDs, or something entertaining. They requested if they could look at other things rather than 
looking for books. As an experimenter, it was necessary for the subjects to stay on track so that data could be 
recorded. 

According to the surveys, subjects suggested that the website, www.half.com, was not cluttered. As for the layout 
of the website, they needed to orient themselves with it before continuing on with the survey. This has something to 
do with their experience with the website, because this was the first time the subjects have visited the site. Even · 
though it was their first time to visit the site, they were impressed by its contents. However, they would not strongly 
purchase a book from the site. 

After their experience with the www.half.com, they found it more enjoyable to search for things, such as DVDs and 
CDs. 

While observing the subjects, the experimenters have seen that their web experience will affect how they purchase 
books. Some subjects were familiar with the style to purchase books online, while others were lost in the website, 
because_ they are not used to purchasing books·online. Although there are cheaper books on www.half.com, they did 
not want to wait for the shipping or they just don't trust the seller. The subjects that want to buy books in a 
bookstore are more traditional consumers or they just want fast service. 

Another observation that was noted was the Internet connection speed or computer performance that either frustrated 
or made it a pleasant testing experience for the subject. On purpose, the experimenters provided an experienced 
subject with a low performing computer verses a non-experienced subject with the high performing computer. The 
results were surprising; both parties averaged around the same test time during the observation. 

With the subject in mind, an organization will be able to quickly figure out the needs for the customer in a usability 
test in order to substantially keep their business. This study serve to provide designers and managers with practical 
insights that can be useful in designing products that are more usable and better aligned with the needs of customers. 

DISCUSSIONS AND CONCLUSIONS 
The experimenters learned a lot about how websites should and should not be designed and the areas in which the 
average subject becomes frustrated. The experimenters' experiment with www.half.com was educational. 

After finding out what the results were, the experimenters can confidently say that the mean of the amount of clutter 
in www.half.com is 4, which is the average. This suggests that the amount of clutter in the website can be referred 
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to be asking if the site is hard to understand or difficult to read. The subjects that were previously exposed to the 
website had a much easier time on navigating through the site, whereas subjects that saw the website for the first 
time were havin~ trouble in exploring the website. Although new people are exposed to the website, after a few 
searches of the different books, the subjects were more at ease to navigate through the website. · 

Besides going through the clutter of the website, subjects were asked to give their feedback on their first impression 
of the website. Since people are more likely to frequently go back to things that are more fun and exciting for 
themselves, people first off would have to orient themselves before going any further in anything. In the usability 
testing, the experimenters were able to see tµat the mean of 5, which is above average, s1,1ggests that people have to 
stand back a little before going any further with the testing. If the subjects had any issue with the website, he or she 
would have pointed it out as he or she would be asked to examine the layout, format, and layers of the website. The 
experimenters' result shows that the subjects needed time to orient themselves before emerging themselves any 
further into the website. · 

Other than the layout of the website, the experimenters were curious if the subjects would ever buy books at 
www.half.com. Subjects pointed out that the more they are exposed to one certain way of shopping or one certain 
place to shop at, they are more willing to go back since they can trust that certain way or shop to ensure quality 
materials. For example, if a subject shops at www.half.com every time he or she shops for a book, then he or she 
would definitely agree with the statement. However, a subject that never shops for books on line would disagree 
with the statement. As far as the results are concerned, it averages out to have a mean of 5, which is above average, 
suggests that a majority of the subjects were already previously exposed to the website, www.half.com. 

From question four, subjects were asked, "I found that the easiest way to search for the book I was looking for was 
by; ... " The subject had the option of A-By Title, B-By Author, or C-By ISBN number. All subjects choose option 
C, which was by ISBN number. The experimenters concluded that subjects found it much easier to remember and 
type in a number than remembering the name of an author or title of a book. Subjects grouped numbers together and 
typed in the group that they could easily remember. This method made it easier for the subjects to remember. In 
addition, all users used the number keys located on the right side of the keyboard: Typing numbers one-handed 
without moving the hand across the keyboard made it simple and quicker to type. 

As for question five, subjects were asked, "It was time consuming to search for a book on half.com." The subjects' 
results were inconsistent. The experimenters concluded that a few factors came into play. Web subject experiences 
of the subjects were very broad. Some subjects that had the experience using a site similar to half.com had no 
problem browsing through the site. For others, it took a little longer to get the hang ofit. Second, the Internet 
connection and computer performance played a factor; even the most experienced subject can easily get frustrated 
and bored if waiting for a page to upload. Performance played a key role during the decision making process on 
answering this question. Another factor would be that subjects' experience using the keyboard and mouse differed. 
The more experienced users typed using both hands while the less experienced users typed ~th one finger. 

As the subjects commented on the statement, "My initial impression of the website has improved now that I have 
searched for a book," they all agreed to this statement. The experimenters concluded that once the subjects began to 
search for the first book, it took longer than it did for the third book. Subjects felt a sense of comfort and ease of use 
from the site after some experience. Subjects considered the site to be a DVD/CD website during the initial start-up, 
perceptions changed after subjects gain some experience using the site. 

In trying to get different responses from subjects, the experimenters also allo~ed some open-ended questions. 

The surveyed subjects were given the opportunity to answer a.number of open-ended questions to enable 
experimenters a better understanding of the true subject feelings as they pertain to half.com. The first questions 
asked, "If I could change one aspect of www.half.com it would be ... " The subjects' responses are noted as written 
without changes, modifications, or spelling/grammar corrections. 

• I would like to see less clutter and make it easier to use. 
• Have a special section for CD audio books. 
• More advanced search window. 
• Adding an example on the side of the search menu. 
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• NQthing 
• I would not change anything. 

Drawing a general conclusion froni these comments, the experimenters can conclude that users would like to see 
improved searching ·options and ease of usability. · 

The second question stated, "J do not like how www.half.com .. . " Keeping the same as above, theg responses are 
listed as ·they are written. 

• NIA 
• I like it how it is. 
• Nothing 
• Nothing 
• Puts the CD audio for books with the hard copies. 
• Has limited search options. 
• Setup, there are too many distractions. 

In coming to a general ~onclusion, there were too many options for the subject that the users do not need to search 
for things. · The search bar should be more specific to a certain genre so that the subject could customize their 
shopping. · 

The ~al open-ended question asked for any subject comments and/or suggestions to www.half.com. The responses 
are listed below as originally written by the subjects. · 
• . Good site, easy to use, like it better than Amazon.com and it is usually cheaper than Amazon.com 
• Good website 
• None 
• Nice website 
• Lots of stuff for a cheap price. 

It was an interesting combination when reading over these comments. Thee comments appear to be in relative 
conflict to the answers given to the previous open-ended questions. 

The final part of the survey gathered demographic information about the subjects. The age distribution was two 
eighteen year olds, one nineteen, one twenty-one, one twenty-two, and one thirty year old. It was not made known to 
use until the conclusion of the experimenters' test, but the experimenters somehow managed to only sample males. 
Therefore, it is imperative that this flaw is kept in mind when reviewing and making decisions based on this 
expe~ent. · 
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GENERAL AVIATION MAINTENANCE ERGONOMICS: 
INSIGHTS FROM AN EVALUATION OF A COMMON WORK TASK 

Sally A. Stader . 
University of Central Florida 

ABSTRACT 
Research regarding general aviation maintenance human factors and ergonomics is seriously lacking. This paper 
outlines an approach to an ergonomic screening evaluation in a general aviation maintenance workshop for the task 
of covering an aircraft wing. Results, tools used, literature review, and suggestions for continued ergonomic 
research in the domain are presented. 

INTRODUCTION 
Aviation maintenance shops in commercial aviation are often large operations with several employees and are 
overseen by company safety programs. In contrast, aviation maintenance businesses that serve general aviation are 
often small shops run by families or small companies.' While safety is always a concern, such companies usually 
can't afford to· employ an ergonomist or other work place safety personnel. They must rely on their own common 
sense as well as practices of others in the same business to monitor work place safety. 

Safety analyses of commercial aviation operations (including the study of accidents) often include detailed 
investigation of pilot performance, pilot error, materials used to make aircraft, and even organizational factors that 
can contribute to aircraft accidents (see for example the Federal Aviation Administration, 2007a). However, 
relatively little is known about the factors that contribute to errors during aircraft maintenance operations. While a 
few authors (for example, Goldman, Fiedler, & King, 2002) have suggested that personal factors of maintainers, 
such as behavioral or physical issues, might affect work performance, few studies have tried to assess such factors. 
Musculoskeletal disorders (MSD's) are one such personal factor that can impact a worker's effectiveness and 
efficiency (National Institute for Occupation Safety and Health, 1997). 

A literature search found no peer reviewed studies that examine the potential for MSD' s in either commercial or 
general aviation maintenance operations. Wh~t is known is anecdotal to the maintenance community. Therefore, 
further study of such factors is warranted. 

· · 1µis project examines the risk ofmusculoskeletal disorders (MSD's) specific to one general aviation maintenance 
task. It describes a straightforward, systematic ergonomic screening evaluation of a small aircraft maintenance shop 
using readily available ergonomic tools. Such an evaluation could provide a model for similar, low cost evaluations 
of various work tasks in the future. The eventual goal is the reduction of musculoskeletal problems that can · 
contrib~te to decreased personal functioning and potential human error. 

LITERATURE REVIEW 
Two areas of research are important to understanding the background of this project. In the first section, a review of 
aviation operations in the United States is given. The second section includes a review of work related MSD's. 

Aviation Operations in the United States 
As a point of reference, the division among types of aviation operational environments is g~nerally discussed as 
military, commercial ( or scheduled air carriers), and general. Military aviation includes any operations ( either 
maintenance, flying, or administrative) that are overseen by any military service of the U.S. government. 
Commercial and general aviation operations make up all of the aviation operations in civil aviation and are governed 
and monitored by the rules and standards of the FAA (Wikipedia, 2007a; FAA, 2007c). Since these two divisions of 

. . civil aviation differ in many ways, it is important to understand the distinction between the two as discussed below. 
Commercial aviation is generally defined as all operations that are governed by commercial air carriers, with the 
largest type of operations of these carriers being the transport of passengers in large aircraft. Commercial operations 
generally work on fixed schedules and also are highly government regulated. General aviation (GA) is every other 
type of aviation operation. They may operate on fixed scheduled, but this is not the general rule. These operations 
include charters, air taxis, air tours, medical services, flight training, corporate aviation, agricultural aviation, and 
personal aircraft flights (AOPA, 2007; Wikipedia, 2007a). These operations are also not as highly government 
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regulated, due partly because of their non-fixed schedules, and partly due to the fact that they carry many fewer 
passengers per flight ( see FAA, 2007 c; Wikipedia, 2007b ). 

Accidents in commercial aviation are nearly always investigated by the National Transportation Safety Board · 
(NTSB). General aviation accidents may be investigated by the NTSB, but are more likely to be investigated by the 
FAA (Y odice, 1990). Both the FAA and the NTSB have missions to promote safety in civil aviation. As part of 
their work, the two agencies monitor and report individual and aggregated data regarding accidents and incidents, 
including probable cause. If a cause was found in aircraft maintenance errors and mishaps, that data will be reported 
as well (FAA, ASIAS, 2007; NTSB, 2007) .. The FAA also tracks such statistics as total .numbers of flight operations 
per a given time period and various types of airport use data (FAA, 2007b ). 

GA flights account for about one third more flight hours as compared to the airlines (in 2004: 18.8 million for 
airlines, 24.8 million for GA) (NTSB, 2005a,b ). However, general aviation accident rates are many times higher. 
The preliminary average accident rates per 100,000 flight hours in 2005 were .171 for airline operations and 6.83 for . 
general aviation (NTSB, 2005c ). The average accident rates have decreased over time for both commercial and 
general aviation. But the relative differences between the two have remained about the same over many years. For 
example, Goldman, Fiedler, & King, (2002) reported that the average accident rates per 100,000 flight hours from 
1988 to 1997 were .226 for the airlines and 8.17 for general aviation. This shows a decrease for both areas of 
aviation from 1988 to 2005, but a continuing relative difference between the two. 

There is wide debate about the contributions to the differences in these safety numbers. One major factor to 
consider is that general aviation flights account for more total take offs and landings than commercial flights, with 
the latter tending to cover many more miles per flight (AOP A, 2006). Since the most critical times for aviation 
ac~idents are during take offs and landings (Landsberg, 2005), the odds are relatively higher for GA accidents. 

It is important to understand this background when considering how maintenance operations fit into the overall 
picture of aviation safety. The investigations and subsequent reports of airline· flight accidents, such as those 
available from the FAA and NTSB databases mentioned above, include detailed accounts of ''pilot error''
cognitive, physical, and procedural-that may have contributed to accidents, as well as organizational problems and 
errors in maintenance performed on accident aircraft. Such maintenance errors have typically focused on failures of 
the parts or components, particularly of the materials strength or how the materials were assembled, or on 
irregularities in various repair procedures that were performed on an aircraft. However, much less is known about 
the human factors considerations in the day to day working life of aviation maintenance personnel that may impact 
safety (Goldman, et al, 2002). 

In contrast, accidents in general aviation are usually not investigated or reported in as much detail as those in 
commercial aviation. In this scheme, the human factors considerations for general aviation maintenance may be the 
least studied of any of the areas in aviation operations. In fact, Goldman, et al (2002) describes the literature 
regarding general aviation maintenance human factors as·''rather anemic." · 

While the contributions of human errors in maintenance to aircraft accidents in commercial, and particularly in 
general aviation have been relatively little studied, anecdotally people involved in GA, both pilots·and maintainers, 
are well aware of the contributions of human errors in maintenance to GA accidents. In this regard, Goldman, et al. 
(2002) did find that maintenance installation problems were a cause or a factor in a minimum of 7% and potentially 
up to 20% of GA accident investigations reports. (The differences in percentages are related to the way the 
information is coded by investigators.) Of those accidents, the activities of installations, maintenance, and 
maintenance inspections were involved in 50% of fatal accidents. In their summary, the authors call for more 
rigorous study of the human factors, both behavioral and cognitive, that may contribute to such maintenance errors. 

It may seem a tertiary issue to consider factors such as working conditions, tools available, or even musculoskeletal 
problems of aircraft maintainers as potential contributors to the errors that may lead to improper maintenance and 
eventual flight mishaps. The same thoughts were in place in the early years of the investigation of pilot 
contributions to aircraft accidents. But it can be argued that any type of distraction to an operator, be it a cognitive 
distraction or a physical distraction such as pain, may potentially contribute to poor performance which may lead to 
errors. Particularly in general aviation where the aircraft are repaired much more frequently ( due to age of aircraft 
and frequency of operations, such as flight training and take offs and landings), human error is introduced at a higher 
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rate than in commercial operations (Goldman, et al., 2002). Any of a number of human factors conc~ms may exist 
that are a part of the larger chain ofevents that could contribute to safety problems in aviation. 

To that end, this paper reports on one source that may contribute to.the potential for human error: musculoskeletal 
pain brought on by. work tasks. To assess the potential for such problems in general aviation maintenance, one 
maintenance job that involves several repetitive tasks was evaluated. The job was covering a wing for a general 
aviation airplane. But first, a review of common work-related musculoskeletal disorders is w~ted. 

Musculoskeletal Disorders 
Although recently the FAA and commercial air carriers have recognized the importance of organized human factors 
programs specific to aviation maintenance operations (FAA, 2005), no publicly available research studies or reports 
could be found regarding musculoskeletal injuries or disorders (MSD's) specific to aviation maintainers. Therefore, 
general information is provided in this section regarding work-related MSD's including disorders related to the hand 
and wrists, and low back disorders. · 

Hand and wrist MSD 's. NIOSH (1997) provides a summary of epidemiological evidence for hand and wrist 
problems associated with work (such as c~el tunnel' syndrome, hand-wrist tendonitis, and hand-arm.vibration 
syndrome. Of particular interest for this project are the factors associated with repetitive hand and wrist motions, 
static hand and wrist positions, and problems caused by excessive or prolonged vibration. Each iS-SlJill:1Ilarized 
below. · 

The NIOSH report examined over 30 ~tudies for evidence of workplace factors and carpel tunnel syndrome (CTS). 
Higher relative risk estimates were found for jobs that are hlghly repetitive, and when high repetition is combined, 
with forceful exertion. There is also evidence for an association between CTS and exposure to vibration during 
work tasks. There is strong evidence for a relationship between CTS and combinations of risk factors, such as force 
and repetition, and force and.posture. 

Eight epidemiological studies.were examined for relative risks for hand-wrist tendonitis. These studies indicated 
evidence for any single risk factor (repetition, forceful exertions, and posture) in the development of tendonitis. The 
studies found strong evidence for increased risk of tendonitis when any of these factors are combined. 

Twenty studies were chosen for review concerning relative risks for hand-arm vibration syndrome (HA VS). In 
. . these studies, hand-arm vibration is defined as the transfer of vibration from tool to hand or arm. The syndrome is 

defined by episodic numbness of the hand and/or arm, tingling and blanching of the fingers, pain in response to cold 
exposure, and reduction in grip strength and finger dexterity. The factors that have been associated with increased 
risk for HA VS include intensity and duration of exposure to vibrating tools. It should be noted that in most studies, 
durations are considered in terms of years of exposure as well as hours of exposure from about 6,000 to 20,000 
(equiv~lent to about 8 hours per day for 3 to IO years). In addition, the prevalence of HA VS decreased significantly 
when newer tools with lower vibration levels were introduced. 

Of particular importance is the insidious nature of HA VS as symptoms may occur several weeks, months, or years 
after exposure. For example, one study found that with tool acceleration levels in the range of 10-25 m/s2

, 

symptoms weren't seen until about 3 years after work onset. However, when accelen~tion levels were as high as 70 
m/s2

, the onset of symptoms was seen in as few as 6 weeks. Thus there is evidence of intensity of vibration and . 
exposure, but a latency of symptoms makes it difficult to know how much is too much. In addition there are 
potential confounding variables including age, metabolic disorders, peripheral neuropathies, and alcohol-related 
illness. 

Low back disorders. Several work-related factors may contribute to low back disorders, commonly referred to as 
low back pain (LBP) . . NIOSH (1997) provides a summary of several epidemiological studies regarding work-related 
factors in LBP. These factors include heavy physical work, lifting and forceful movements, bendit)g and twisting 
(awkward postures), whole body vibration, and static work postures. For the purposes of this project, strength of 
evidence for all factors will be discussed, though factors associated with awkward and static postures are of most 
interest. 
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Over 40 studies were examined for relative risk factors associated with LPB. Across all of the studies strong 
evidence was found for work-related lifting and forceful movements and development ofLBP. There was also 
evidence found for a relationship between awkward postures and LBP, and lifting combined with awkward postures 
also increase risks for LBP. There was a strong association between work-related whole body vibration (WBV) and 
low back disorders. When WBV is combined with other factors such as prolonged sitting, lifting, and awkward 
postures the risk of LBP is increased. With regard to static work postures and LBP, there was insufficient evidence 
that a relationship exists (in the absence of other factors.) However, these studies were limited to examination of 
static postures alone. 

In summary, several work-related factors that may contribute to MSD's are of interest to this project. For work 
involving the hands and wrists, the factors to consider are repetitive tasks, forceful exertions, awkward hand 
postures, and exposure to acceleration levels from hand tools that exceed about 10-20 m/s2

• For low back pain and 
disorders, critical factors include repetition or prolonged awkward bending or twisting postures, particularly where 
lifting, forceful movements, whole body vibrations are also involved. 

METHODOLOGY 
Procedures 
There were three major procedures with several subtasks used to gather data for this project. They included a high 
level analysis of the job, subtasks, and environment; demonstrations by a maintainer performing each of three 
maintenance tasks along with the tools used; and an evaluation using ergonomic tools to as·sess the physical and 
musculoskeletal loading on the body during the three maintenance tasks. Each of these procedures is further 
descn"bed below. 

High level analysis. Two general aviation aircraft builders and maintainers were interviewed for a total of about two 
hours over four different sessions (about½ hour each) for this project. During the interviews, both maintainers 
described and demonstrated three tasks they perform that are of a repetitive nature when building, repairing or 
covering the wing of an aircraft. A hierarchy of the tasks required for building an aircraft wing was defined. 

Maintenance task analysis. The maintainers demonstrated the tools used for the tasks as well as the movements they 
make to perform the tasks. They a1so described the amount of time involved in building an aircraft wing, and the 
maximum times that can be spent on each task before physical discomfort occurs. During the second ½ hour 
session, maintainers were interviewed specifically regarding the· types of movement or standing postures they 
assume when performing the tasks. Counts of the number of stitches or rivets that are required in the task of 
affixing the wing surface to wing ribs were also taken. 

Ergonomic Tools. Several ergonomic evaluation tools were used to assess the work tasks. They included an initial 
screening tool, and several measures to assess the risk of musculoskeletal disorders due to repetitive tasks, awkward 
postures, and vibration. They are described further belo~. 

Participants 
The two maintainers work in a family owned aircraft maintenance business. One is an FAA certified airframe and 
power plant mechanic (A&P) as well as an FAA authorized inspector (AI) of maintenance performed on aircraft. 
He has been working in this career for 30 years and has built and maintained many types of general aviation aircraft. 
He is also a certified commercial pilot. · The other maintainer has been a wood worker for many years and 
specializes in aircraft made mostly of wood. He has built an<;I maintained such aircraft for nearly 30 years. He is 
also a certified private pilot. · 

Ergonomic Tools 
An initial basic screening tool was used to review the common work-related risk factors identified by OSHA for 
those body areas affected by MSD's (WISHA checklist, Washington Department of Labor, 2000). The tools used 
for further ergonomic evaluation included the Washington Department of Labor and Industries Ergonomics Rule, 
WISHA Hand-Arm vibration analysis (WISHA vibration analysis, 2000), the Work Related Upper Limb 
Musculoskeletal Disorders evaluation (Armstrong, 2002), the Rapid Upper Limb Assessment (RULA, McAtamney 
& Cotlett, 1993), and the Rapid Entire Body Assessment (REBA, Hignett and McAtamney, 2000). The websites · 
from which these tools were obtained are listed in the references. 
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ERGONOMIC EVALUATION 
High ·1evel analysis 
During the interviews and observations, a high level work place analysis was performed along with a listing of 
various work tasks related· to this aviation maintenance shop. The environment consists of a large hanger for 
· working on aircraft indoors. Work in this part of the shop consists of assembling airplanes and maintenance on 
flyable aircraft. A large work area is also included in the back of the hanger and is equipped with a spray booth for 
painting, and a large enough workspace for building and repairing wings. 

Both maintainers stated that wing building and covering is one of the most tedious tasks performed in the shop 
because it requires long hours of repetitive work. A set of wings can take one maintainer 4 to 6 months to build and 
cover, depending on the types of fabric used. Wing building and covering is also generally the first major task 
performed when building an airplane, and may occur at the same time as the building of the fuselage. They stated 
that some -0f the subtasks in wing building, particularly covering wings, seemed to cause musculoskeletal 
discomfort. Since wing covering consists of labor intensiv~ and repetitive task, it lends itself well to ·an ergonomic 
evaluation. A job/task hierarchy is shown in Figure I with tasks of interest in bold. 

Fuselage 

Building a 
General Aviation 
Aircraft 

Finish and 
paint wings 

Figure 1: Job/fask Hierarchy: Building an Aircraft Wing 

The maintainers described several tools that are used to cover aircraft wings. They noted that different tools are 
required depending on the type of wing covering and the type of wing rib material used. They defined three types of 
wings based on combinations of wing rib and wing covering materials. These three types of wings became the three 
maintenance work tasks used fot this ergonomic evaluation. 

Maintenance tasks analysis 
There are three types of wings for general aviation aircraft based on the rib and surface materials. They are fabric 
attached to wood, fabric attached to metal, and metal attached to metal. Even though the final product is a · 
functional aircraft wing, the task methods for attaching surface material to ribs for each type ofwing _vary, as do the 
tools used, the materials used, and the number of points where the material is fixed to the wing ( called attach points). 
The number of attach points vary by the size of the wing. The typical task duration in this shop is left to the 
discretion ofthe _maintainer. These relationships are shown in Table I. 
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Surface/Rib Method to attach Tools used ApproL # attach Typical task Typical Aircraft 
Materials surface material points/wing duration 

Fabric'Wood Stitching with large Needle and cord 400 2 hrs Piper J-3 Cub 
needle and cord 

Fabric/Metal Manual tool to apply Pop rivet tool 500 2 hrs. Piper Super Cub 
rivet 

Metal/Metal Pnewnatic tool to Pnewnatic rivet 1700 1-2 hrs. Cessna 180 
apply rivet hammer& 

bucking bar 

Table 1: Three types of aircraft wings, methods and tools use~, and duration 

T_ask I: Fabric to wood task. According to the maintainers, there has been a revival of sorts among people who want 
to own wood and fabric airplanes. These are typically small aircraft, holding no more than two people, and are used 
mainly for personal recreation. A Piper J-3 Cub is one of the most popular in this class. Since these are no longer 
made in production lines, they must be built or restored by hand. 

The maintainers described the building and covering of a wood and fabric wing as an art and one that takes much 
practice to do well. A wing can be nearly completely built and covered by one person. The most challenging parts 
ofbuilding this wing are assembling the ribs correctly (considering the aerodynamics of the wing) and attaching the 
fabric or skin to the ribs. Each stitch must be done by hand and in approximately the same tension to allow as 
smooth and uniform a surface as possible when the fabric is later "stretched". Stitching is done much like sewing 
but with a very heavy needle and cord. The task is performed in a relatively static body position, and much of the 
movement is in the hands and arms. While vertical wing stands are available that. will allow a wing to be held 
upright thus avoiding awkward body postures, the maintainers stated that there are points in this process in which 
the wing must be horizontal. It is at these times that the maintainers complain most of lower back pain with 
prolonged task duration. When the task was observed_ the body posture with the most flexion was at about 35 
degrees. 

Task 2: Fabric to metal task. There are several current production line aircraft that use this type of wing. However, 
as with the J-3 Cub, many enthusiasts like to restore older aircraft or build airplanes by hand that have metal ribs and 
fabric wing surfaces. A popular airplane in this class is the Piper Super Cub. It is a "kit" airplane in that builders 
buy the kit from a manufacturer with ribs already assembled. Covering of wings is done by the owner or a 
mechanic. The Super Cub is a two person aircraft like the J-3 Cub and used mainly for recreational purposes. 

Because the metal is a less pliable material, the tool typically used with these wings is a pop rivet tool, used 
manually by squeezing a handle. There are parts of this process that require two.people. The maintainers describe 
the task as more monotonous in many ways that the wood and fabric covering task. However, much of the job can 
be completed with the wing in an upright stand.. It was described that this task is usually done manually because 
pneumatic tools are heavy for extended use, often too large to fit into smaller places, and can result in rivets that are 
not flush with the surface which requires more time and repair. The maintainers stated that manually attaching fabric 
to metal ribs is sufficient when the task is not performed for long periods of time. They complained of pain in the 
back of the hand and wrist with prolonged use of the tool. Low back pain was not common unless standing for an 
extended period. 

Task 3: Metal to metal task. Most production general aviation aircraft, and virtually all production commercial 
aircraft, use metal wing ribs with metal surfaces. In general aviation, some of the most popular aircraft are built by 
Cessna. As with the prior two types of aircraft mentioned, there are owners and builders who want to restore these 
vintage aircraft and who build kit planes by hand. A popular vintage aircraft restoration is the Cessna 180. This 
airplane holds up to four people and can be used for recreational purposes. It is a versatile and rugged airplane anq 
often chosen for flying in Alaska. 
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Attaching metal to metal requires more strength than can be applied by hand for extended periods of time. In 
addition, precise and firm pressure must be applied to drive rivets flush with the surface. For these reasons the 
typical tool used is a pneumatic rivet haminer and bucking bar. The bar is held by one hand while the rivet is driven 
with the hammer. The vibration affects both hands. While a majority of this task is done by two people, parts can be 
done by one. The wing is nearly always held upright which alleviates awkward body postures. The problematic 
musculoskeletal issue described by the maintainers is numbness and hand weakness due to the tool's vibration. For 
these reasons, the task is typically done in shorter time durations with longer breaks between task cycles 

Ergonomic tools 
Table 2 on the next page is a listing of the ergonomic tools used to evaluate the three tasks, along with results. 
Bolded items suggest potential MSD's by tasks and durations. 

Screening. First, a high level screening of three tasks was done to further assess problem areas and to guide the 
choice of other ergonomic tools. Problem areas are noted in the table and include low back stress due to awkward 
and static postures, and hand/arm stress due to grasp, repetitive motion, repeated impact, and VI°bration. Further 
targeted assessments were carried out as summarized. below. 

Task 1: Fabric to wood task. The maintainers complained most of low back problems with this task, and the 
screening assessment helped to define this information. Two ergonomic tools, the RULA and the·REBA, were used 
for concurrence in further assessing risks for low back problem with extended duration of the task. The assessment 
suggested risk of low· back disorders are increased at more than two hours on the task per day. Mainta~ers already 
work within these time frames. At least two, 10 minute breaJcs are also suggested. Further improvements could 
include a search for equipment to help the maintainers to lean or displace body weight while working for prolonged 
times. 

Task 2: Fabric to metal task.- The highest risk area in this task is in finger, wrist, and hand MSD's with repetitive 
motion for more than twice per minute for more than two hours per day. Maintainers already work within these time. 
frames so risks are currently low. However, they did state that hand discomfort can occur. One or two 10 minute 
breaks during the two hour period would be suggested to help with this concern. 

Task 3: Metal to·metal task. A particular hazard was found with the type of tool used and the duration currently 
reported by the maintainers. One maintainer said he might work with this tool up to two hours a day and does 
experience numbness or a continued vibrating feeling after tool use. -However, he also stated that this task is not 
performed every day, but is typically is done for several days in a row followed by several days or weeks off. Based 
on this analysis, during the high task times no more than 1 ½ hours of use of this tool per day it is suggested. In 
addition, two or three rest breaks of 10 minutes are suggested. Maintainers might also consider the use of a lower 
impact tool if at all possible. 
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Task Ergonomic Tools MSDarea Results/score Risk potential 
evaluated 

Screening WISHA checklist for Awkward posture Shoulders and Low back 
work-related MSD's knees not stress: 

involved fabric/wood 
Neck and back task 
caution 

WISHA checklist High hand force- No cautions or No risks 
pinch hazards noted 

WISHA checklist High hand force- Caution and Hand and 
grasp hazard noted for wrist stress: 

grasp with fabric/metal 
duration and 

metal/metal 
tasks 

WISHA checklist Repetitive motion Caution noted · Neck, wrist, or 
when little hand stress: 
variation fabric/metal 

task 

WISHA checklist Repeated impact Caution when Hand stress: 
base of palm used metal/metal 

task 

WISHA checklist Awkward lifting No cautions or No risks 
ha7.ards 

WISHA checklist Hand-arm Caution noted for Vibration 
vibration more than 30 stress 

minutes metal/metal 
task 

Fabric/wood RULA Upper body and Further evaluation Medium to 
Lower back and changes high at>2 

needed hrs. 

REBA Upper body and Medium risk Medium to 
Lower back high at>2 

hrs. 

Fabric metal REBA Upper body and Low risk Low at 2 hrs 
lower back 

Upper limb MSD Finger, wrist, Medium to high Medium to 
evaluation hand repetitive highat>2 

tasks hrs. 

Metal/metal REBA Upper body and Low risk Low2 hrs 
lower back 

WISHA Vibration Hand/arm Ha7.ard Highat>l ½ 
analysis hrs/day 

Table 2: Ergonomic Tools, Tasks evaluated, and Risk Potential 

DISCUSSION AND RECOMMENDATIONS 
This ergonomic evaluation indicates that while the task of covering a wing may initially be thought of as one 
common task, the actual tasks performed vary by the type of material used in the ribs and surfaces of the wings. The 
variations in the effects on the musculoskeletal system are related to repetition of tasks, task durations, awkward 
body postures, and tool vibration. 

For the fabric on wood wing covering task, the most problematic musculoskeletal issue is low back pain. The 
maintainer stated that he can not perform this task for more than 2 hours at a time. He has learned with his 
experience exactly what would be recommended from ergonomic evaluations. Further suggestions included taking 
short breaks to relieve the pressure on back tissue and joints, and acquiring equipment that will allow the maintainer 
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to leall'thus supporting body weight. . A chair that might allow him to sit in a more upright position and still reach 
the wing is also suggested. 

For the fabric on metal task, the most problematic musculoskeletal issue is hand and~ pain and fatigue from 
prolonged and repetitive use of the manual rivet tool. Maintainers state they do not perform the task for more than 
two hours at a time which was recommended from the ergonomic evaluation· tools. Further suggestions include short 
breaks during the two hour period. 

For the metal on metal task, the most problematic musculoskeletal issue is hand and arm vibration from prolonged 
use of the pneumatic rivet hammer. Surprisingly, this was the highest rated risk of all the tasks due to the stated ' 
duration of tool use. Maintainers stated that they may perform this task for up to two hours a day for several days in 
a row then piight not perform the task for several days or weeks. Based on the analysis it was suggested that during 
the high task times no more than I½ hours tool use should be performed per day. In addition, two or three rest 
breaks are suggested. Maintainers might also consider the use of a lower impact tool to decrease the risk of hand and 
arm vibration, if at all possible. 

The maintainers at this shop have full control of their schedules including task pacing and rest breaks. In terms of 
maintenance safety, this is an optimal situation. In addition, with two maintainers there is redundancy in task 
inspections thus decreasing the likelihood of human error. However, even in these optimal work situations it is 
possible to have risks for work related musculoskeletal problems (MSD's). In work situations with less worker 
control risks might be expected to increase. 

The area of aircraft maintenance is in need of much continued analysis and research regarding work factors that 
increase the potential for MSD's. Pain associated with MSD has been known to increase worker error, reduce 
worker effectiveness, and exact a toll on the lives of injured workers in many other occupations. Further study of 
the risk for MSD' s in aircraft· maintenance is needed as this may prove to be one of several contributors to the chain 
of factors that can impact the safety of flying aircraft. 
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ERGONOMIC EVALUATION OF THREE PARAMEDIC TASKS 
IN AN URBAN FIRE RESCUE DEPARTMENT 

Sally Stader*, Bob McBrearty, Malita Anders Clarke; Joe DeKeyrel and ~epideh Kiani 
· · University of Central Florida 

'ABSTRACT 
Paramedics exp·erience frequent job-related musculoskeletal injuries. Ergonomic assessments identify bio
mechanical issues that contribute to injuries. Assessments of patient lifting, in-transit patient care and rapid 
intervention firefighter extraction tasks performed in an urban fire rescue department are presented. 
Recommen~tions and suggestions for future research in such ergonomic evaluations are offered. 

INTRODUCTION 
The jobs of emergency first responders such as firefighters, emergency medical technicians, and paramedics are 
strenuous, both physically and mentally. Responders must be ready at a moments notice during their duty hours to 
quickly dispatch to a scene, assess the criticality of a situation, and apply their expertise to manage the incident and 
to work as a team with fellow first responders. Under such circumstances, workers may be unaware of their own 
physical and mental stress. Several types ofmusculoskeletal injuries (MSD's) can result. · 

Recent studies have reported that MSD' s account for half of all injuries to firefighters and paramedics wi.th low back 
injury the most prevalent. Such injuries·can result in insurance injury claims that are 50% greater compared to other 
claims: In addition, the leading cause of injury to emergency medical service personnel is the patient (see Lavender, 
Conrad, Reichelt, Gacki-Smith, & Kohok, 2007). Patient care tasks include lifting, carrying and transporting. 

Several ergonomic studies have been done with the paramedic population. In a study of patient transport down 
stairs, Lavender, Conrad, Reichelt, Gacki-Smith, & Kohok (2007) found that preventing patient sliding by adding 
foot straps to stretchers as weU as changing the task from a lifting task to a push/pull task with a system designed for 
the study involved less back strain than the traditional methods of transport. In addition, a hand-truck type 
"backboard wheeler" also showed promise in reducing back strain. For stretcher to bed transfers, Lavender, Conrad, 
Reichelt, Kobuk, & Gacki-Smith (2007) found.that a bridgeboard used to slide the patient from bed to stretcher as 
well as a single rod used to drag the bed sheet with the patient from the bed to the stretcher resulted in changing 
lifting tasks to push/pull tasks and reduced low back muscle involvement and loading on the low back. 

In a postural analysis of paramedics during several work tasks, Lavender, Conrad, Reichelt, Meyer, & Johnson 
(2000) found that using low friction materials for lateral transfers can result in less loading on the back and fewer 
awkward postures as measured by a lumbar motion monitor. 

Finally, Ferreira & Hignett (2005) found that the most frequent tasks performed while in transit by paramedics 
involved medical monitoring and checking and required the paramedic to sit alongside the patient. However, 
equipment used for these tasks often was stored in compartments out of easy reach which resulted in increased reach 
distances and awkward postures. In fact up to 40% of the postures required corrective measures. They suggested 
that additional research was needed to guide design of the patient compartment of rescue vehicles. 

In summary, low back disorders are the most frequent work-related MSD in the paramedic population. Awkward 
postures (i.e. bending and twisting), lifting heavy loads, repetitive tasks, and sudden, forceful movements are factors 
to examine in evaluating work tasks. Combinations of these factors increase risks for injury. Potential interventions 
that may have high impact for reducing MSD's include modifications to patient transport equipment, transport 
vehicle compartments or equipment storage, and the use of materials that have low friction when drag of patients or 
equipment is required. · With these factors in mind, the next sections describe three work tasks, methodology used, 
and recommendations for ergonomic interventions that may help to reduce risk for low back MSD. · · 

*Corresponding author: Email: sstader@gmail.com; or Department of Psychology, University of Central Florida, 
Orlando. The authors wish to thank Dr. Pamela McCauley-Bell, Department of Industrial Engineering and 
Management Systems, UCF, whose guidance made this project possible. 
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Proiect Background 
This paper reports the results of a project conducted by a graduate ergonomics class at the University of Central 
Florida The results from the various ergonomic evaluations were used to assist fire department personnel in 
determining fire rescue tasks that may need modification or other evaluation. This paper focuses on paramedics and 
offers suggestions for potential interventions to help reduce risks for MSD's during three specific work tasks. The 
results are also intended to expand existing literature regarding ergonomic evaluations with the firefighter/paramedic 
population. While the terms EMS, paramedics and EMT are often used interchangeably, the observations carried 
out in this project revealed that paramedics and EMT differed little in terms of the types of patient care tasks that 
contnb_uted to risks for MSD's. Therefore, .the term paramedic is used throughout the paper for simplicity. 

Initially, a fire drill training exercise was observed for approximately three hours to gather background information 
regarding the roles and functions of the department first responders. Two follow up in erview and observation 
sessions with only the paramedics of approximately one hour each were conducted where more detailed 
observations and measures were gathered. A total of six paramedics participated in the follow up sessions. 

Personnel in this fire rescue department are trained as firefighters and EMT, a practice that is common in larger 
urban fire departments. Not all EMT are paramedics in this department. According to department data, in 2005, the 
EMT to paramedic ratio was about 2: I. Work shifts consist of 24 hours on and 48 hours off. Each rescue truck 
crew generally includes one firefighter/paramedic and one fire fighter/EMT who are assisted at fire scenes by other 
firefighter/paramedics or EMT if needed. On other types of emergency calls, the two truck crew members are 
generally the only responders. These types of calls accounted for 77% of all of the department calls dispatched in 
2005, with 27% of those resulting in patient transport. The average time from dispatch to off-load of a patient in an 
emergency department was 68 minutes with 29 minutes at the emergency department. 

While any call can result in physical stress, these calls are more likely to be longer than other calls, more frequent, 
and they will require the most prolonged physical stress, including loading the patient onto the gurney, loading the 
gurney into the truck, monitoring the patient during transport, and off-loading·at the emergency department. Due to 
the nature of the population, patients have grown larger over the past several ye~ and even two-person lifting or 
moving a patient has become more difficult. These are the job roles most likely to result in work-related injuries due 
to the physical demands and the repetition of tasks. 

TASK 1: LIFTING PATIENT INTO RESCUE TRUCK 
Task Description 
Toe task of lifting and securing patient and medical equipment into the rescue truck can vary greatly depending on 
the weight of the patient and the type of medical equipment that is used, as well as the demands of the situation such 
as the condition of the foot surface, environmental conditions, and amount of room to work, etc. Here the focus is 
on the weights of patient and equipment and lifting technique. 

The gurney is often used to transport medical equipment in addition- to the patient. While the ·patient weight may 
vary, the equipment and gurney are considered constant weights. Once a patient has been secured on the gurney, 
paramedics lift the patient, gurney and attached equipment into the rescue truck. This lift may be performed by as 
few as two to as many as six personnel. In larger fire rescue operations, up to six personnel may be available to 
assist in lifting particularly when the patient is -heavy. On single rescue truck calls, which account for the majority 
of emergency medical calls in this fire rescue department, only two paramedics are present. In this· case one person 
stands at the mid-head of the gurney and one at the mid-foot._ 

To lift the gurney with patient and equipment, paramedics start in a squat po.sition with knees separated and arms 
extending down towards the gurney grips. While lifting, paramedics straighten their legs then use their arms to lift 
the gurney up to a locked position at about waist height. Finally, paramedics attach the front end loading 
mechanism of the gurney until it is securely locked in a track inside the truck to prevent movement away from the 
truck as well as to prevent colliding with cabinets and equipment. Finally it typically only one of the paramedics 
releases the gurney brakes, lifts the foot of the gurney, and pushes the gurney into the truck. Features of the gurney 
help guide, steer, and move the patient. However, few features assist or counter the force required for lifting and 
pushing the patient in the final step into the truck. Heavier patient weights with all equipment in use can mean 
greater risk of back injury. 
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Methodology and Analysis 

The Utah Back Compressive Force package (Bloswick, 2002, retrieved from Bernard) is a method to estimate BCF 
that may increase risk for· injury associated with lifting tasks. This method "is based on some simplifying 
assumptions through the use of load weight, body weight, torso angle, and distance th~t the load is held out from the 
body .(Bloswick/Bemard, p.2)." Back Posture (Term A), Load Moment (Term B) and Direct Compression (Term C) 
are the three contributors to the final estimated compressive force value. The weight of the lifting person and the 
load in pounds, as well as the horizontal distance from the hands to the lower back in inches are-all obtained to 
compute the terms. A table provided with the tool estimates of posture angle from vertical in degrees for computing 
Term A. The Bloswick and Bernard emphasized that the value is an estimate and if it exceeds 700 lbs of 
compressive force a more detailed analysis is recommended. 

Results . 

For this evaluation, the equipment weights were as follows (in lbs): Life Pack (24.4), Drug Box (27.3), Air Way Bag 
(12.5), Oxygen Caddy (12.1), and gurney (112.6), for a total rounded equipment weight of 189 lbs. This total 
weight is the constant weight of the equipment in a worst case scenario (i.e. all equipment in use) before the patient 
weight is added. The three contributing terms are computed by the following (from Bloswick, p. 3): Term 
A=3 {(body weight)(angle from vertical)} representing the back muscle force reacting to upper body weight. Term 
B=0.5 { (load weight)(horizontal distance)} representing the back muscle force reacting to the low;l moment. And 
Term C=-0.S{(body weight/2)+(load weight)}representing the direct compressive force of upper body'weight and 
load. Term A and B-are most dependent on the task. The final compressive force value is the sum of the three terms. 
A value of700 lbs or higher represen~ significant risk for back injury and suggests further ergonomic evaluation. 

An initial condition was established based on observations of the paramedics. This condition assumed two different 
body weights of the lifters (140 and 190 lbs, from mean data for men and women, CDC, 2004), a horizontal distance 
from hands to lower back while lifting of20 inches (which is the heaviest part of the lift of gurney from ground to 
truck height), a posture angle from vertical of0.4 (23 degrees), and a total load weight of 439 lbs (a 250 patient plus 
the 189 lb equipment weight). A second condition represents a modification from the initial condition of moving the 
hands closer to the body (a horizontal distance of 10 inches). A third condition decreases the lifting load to 363.lbs 
(250 lb patient and gurney only). The fourth condition combines both modifications above (moving the hands closer 
and decreasing the load weight). For simplification the load weight was divided by the number of people 
performing the lift (two or six) in each condition. Calculations of the final compressive force values for worst and 
best case lifts (2 and 6 persons) for the four conditions are shown in Table 1. Values below 700 lbs are represented 
in italics. 

Initial Condition 
439 lb load, 20" horiz. distance, 0.4 tore an le 

2-person lift 6-person lift 
140 lb 190 lb 140 lb 190 lb 

Initial BCF 2594.6 2674.6 10142 10942 
10" horizontal lift distance change only 

10" horiz.onl 1497.1 1577.1 648.4 728.4 

Load weight change only (363 Im) 
Load=363 21842 2264.2 877.4 957.4 

Combined distance (10") + load(363 Im). 
Combined 1276.7 1356.7 574.9 654.9 

10" horizontal distance with wt=136 lb 
10" + .wt= 136 618.4 698.4 355.5 435.5 

20" horizontal distance with wt=:73 lb 
20" +wt=73 618.2 698.2 355.4 435.4 

Table 1: Values for Back Compressive Force (BCF) 

Based on the values assumed for body and load weights, lift distance, and posture angle, all four conditions (initial 
and modified) have values higher than700 lbs of compressive force for two person lifts. The only conditions.that 
resulted in values below700 lbs of compressive force were the six person lift with a horizontal distance of 10 inches 
for a 140 lb lifter, and six person lifts when both the horizontal lift distance and load weight modifications were 
made. The combined condition (horizontal lift distance plus load reduced to patient and gurney only) did result in 
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improvement ~ BC~ values of about 50% for a two person lift and about 40% for a six person lift. However, even 
with these modifications the two person lifts still greatly exceed the 700 lb compressive force limit. As mentioned 
earlier, the majority of emergency rescue truck runs involve two team paramedic crews. 

Conclusions 
With training and reducing equipment load onto gurneys, back compressive force can be significantly reduced, in 
some cases up to about 50% for patient lifting tasks. However, there is a limit to what training and load reduction 
can provide for the long term. Under most lifting circumstances the body must bend forward a certain amount ( a 23 
degree angle assumed here) and the horizontal lift distance is not likely to ever reach 0 due to the biomechanics 
naturally involved when a human engages in a lifting task. While the paramedic's own body weight is a factor in 
BCF, even for a 140 lb paramedic the BCF values far exceeded the limit for all of the example modifications. Due 
to the extremes in compressive force risks demonstrated here, reducing the long term risk of significant back 
compressive forces appears to only come about by significantly reducing the lifting load. To demonstrate, the last 
two lines of the table show changes in the BCF values for 10 and 20 inch horizontal distances with load weights held 
to the maximum acceptable value to reduce BCF for a 190 lb lifter. With a 1 0 inch distance the total load can be no 
more than 136 lbs. A more typical horizontal distance of20 inches would require a load no more than 73 lbs. 

On a final note, the mechanical operation of the gurneys in current use does not appear to add to the lifting burden 
because once the lift is started, the gurney does not resist the momentum. Any other lift assistance specifications are 
unknown. Paramedics did state that the most difficult part of this task is in lifting the patient onto the gurney and 
then initiating the gurney lift. In addition, they noted that by the end of a shift they do feel discomfort at times 
depending on the number of transports and weights of their lifts. 

Recommendations 
None of the modifications of reducing horizontal lift distance or removing existing medical equipment from the 
gurney produced a value below the recommended threshold for two person lifts. It would be unreasonable to 
~ways require six people to be on scene when loading a patient into the rescue truck. A few reasonable solutions 
exist. For the short term, training in lifting loads close to the body and in reducing weight limits especially for 
heavier patients can help. Also a n:µnor modification could be made to the gurney such as the addition of a simple 
jack to assist paramedics in lifting the patient to the height required to affix the gurney to the embedded track and 
lock it. Jacks of various force and stroke are available and easy to attach. A down side of this modification is the 
extra time it may take to unload and load the jack as well as product testing to ensure safety. A long term solution 
would be to replace a decommissioned gurney with one that has a lift assistance feature. Various models that 
include hydraulic lift at the touch of a button can be found from medical equipment manufacturers. 

TASK 2: IN-TRANSIT PATIENT CARE 

Task Description 
After loading a patient into the rescue truck, paramedics continue performing patient care activities. While 
paramedics stated that active treatment is required infrequently ( on the order of i-2 times per 24 hour shift), and the 
treatment episode is relatively brief (transit normally less than 30 minutes), awkward postures dominate this 
treatment time. In addition the emergency medical personnel generally work long shifts up to 48 hours and such 
physical strain can negatively affect balance and coordination and can result in muscle fatigue. Add to all of this, 
the requirement to execute this task while the platform is moving and the possibility of injury to the paramedic is 
greatly increased. · · 

Methodology and Analysis 
A parametric Rapid Upper Limb Assessment (RULA, McAtamney & Corlett, 1993) analysis was used to quantify 
risk associated with various postures depending on the seating location in the rescue truck patient compartment and 
the portion of the patient needing care. RULA was combined with a generalized anthropometric analysis resulting 
in risk-coded zones ofreach spans, for both horizontal and vertical planes. These graphical results are then overlaid 
on scaled plans of the rescue truck showing which portions of the patient and which storage locations were 
accessible from a safer, seated and secured position. The original analyses for both reach spans were drawn in both 
plan view (viewing as if from above) and side view drawings. However, the paramedics while in-transit perform 
tasks that are mostly in the horizontal plane, either within the midline of their bodies or to one side of the midline as 
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they work with the patient who is lying down. Therefore, only the computations for horizontal reach span and the 
plan view drawings are ·presented here in ~ black and white drawing. The original paper containing all color 
drawings in both plan and· side views can be obtained from the authors. Measures fo_r other than 50th percentile 
males_ used here would require only ~imple arithmetic and trigonometric calculations i( a computer is not available. 

Results 
Measurements for a 50th percentile male were used to represent an average for the paramedic population. (Measures 
obtained from Kroemer, et al., 2001). The three measurements were as follows (in millimeters): seated height (530), 
ann'Iength (800.8), and trunk length (597.8). 

Table 2 shows the maximum horizontal reach computations considering the three measures· above. Numbers in the 
first two ~olumns are in degrees. Reach columns are in millimeters. Numbers in the RULA columns represent level 
of risk as follows: (1-2, low risk; 3-4, medium risk; 5-6, high risk; 7, extreme risk). Off-midline indicates a reach in 
which the arms are working to either side of the body or across the midline. · Any such reach represents a greater risk 
for injury compared to a midline (straight o~t) reach, especially when this posture is repetitive, of long duration, 
combined with whole body vibration, or when the spine is twisted or side bending. In addition, when off-midline 
reach is coupled with flexion of more than 45 degrees, an extreme level of risk for injury can result ( even more so 
when the other factors above are present) compared to a spine that is flexed forward only. 

Trunk Shoulder angle Height of reach Max. reach RULA RULAOff 
Oexion (from body) (from floor) Sl)llll Micline mi<line 

0 90 1127.8 800.8 2 3 
20 110 1091.7 1005.3 4 6 
45 135 952.7 1223.5 5 7 
f>() 150 828.9 1318.5 5 7 
75 165 684.7 1378.2 5 7 

Table 2: Computations for horizontal reach 

The drawing on the left side of Figure 1 shows approximations of horizontal reach zones from the original drawings 
for this project (Note: drawings in this paper are for illustration of concepts and are not to scale). The zone arcs are 
coded with the numbers from the RULA columns in the table above to show the level of risk when both midline and 
offmidline arm reach is involved. The arc closest to the body represents a body flexion (at the waist) ofup to 20 
degrees. The next arc shows flexion between 20 and 45 degrees. The third arc shows flexion of 45 degrees or more. 

6 

3 

5 

.. 

Figure 1: (Left) Horizontal reach zones with RULA risk levels. 
(Right) Bucket and forward bench seat positions 

The graphic on the right side of Figure 1 shows a representation of reach zones that were computed for the two most 
likely to be used paramedic positions: the bucket seat (top, right) and the forward bench seat (bottom right). The 
drawings have been overlaid on the drawing of the patient compartment. Two other positions (the jump seat at the 
top middle, and the rearward bench seat) show representations, without reach zones, of paramedic seating if that part 
of the patient body were involved. Drawings such as these could be used when acquisitions of new rescue trucks 
are considered. Drawings done to scale could help purchasers understand the reaches that would be required of 
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paramedic personnel while performing their duties. In addition, such plans could be used to determine loading and 
storage requirements for frequently used equipment to be within reach of paramedics. 

Based on the analyses of these drawings, particularly the drawings overlaid on the patient compartment drawings, it 
appears the jump seat would be well suited for performing CPR. It is less well suited for maintaining the airway of 
the patient, especially if the paramedic is left handed. The other, practical consideration with this seating position is 
that this seat is the normal mounting location for the Life Pack monitor during transport so is less likely to be used. 

The bucket seat position is reasonably well positioned for maintenance of the airway. Toe patient's nose, mouth, 
and throat are all accessible from this position regardless of the handedness of the paramedic. Existence of either a 
fore-aft slide or a swivel adjustment to the bucket seat is unknown; however both adjustments (relatively simple 
modifications, if required) ~ould reduce the postural risk to the paramedics by decreasing the reach distance. 

The forward bench seat position, like the jump seat, is well suited for CPR. This p·osition faces the Life Pack 
monitor, and is suitable for personnel using either hand. The rearward bench seat position would perhaps be 
appropriate for treatment of a lower extremity if required. 

The most pervasive ergonomic issue in the rescue truck patient compartment is that many of the storage locations 
can only be reached from a standing position, especially when the jump seated is not in use. Ferreira & Hignett 
(2005) also reported this as a concern and noted increased reach distances and awkward postures due to equipment 
stored out of reach. In the current situation, this shortfall is somewhat mitigated by normally having two personnel 
in the rear of the vehicle during treatment. Personnel can then access the overhead storage compartments above the 
bench seat and above the right shoulder of the bucket seat cooperatively. Still inaccessible are the high and low 
storage cabinets (glass fronted) and the two storage drawers without standing and reaching a~ross the vehicle. 

Conclusions 
~ased on the results of the mathematical and graphical analyses, there are clear ergonomic risks with performing in
transit patient care. Also clear is the fact that this care must be provided to save lives. Reasonable solutions should 
be found that allow the flexibility required in emergency situations while minimizing the risk to the paramedics 
providing the care. ' 

The most serious risks result from having to stand up to reach supplies and equipment while the vehicle is moving. 
A secondary risk is associated with over-reaching while seated, though is a considerably lower risk in comparison. 

Recommendations 
The information obtained from this project, and from similar analyses in other situations, could be used in the short 
term to apply color coded markings to potentially dangerous storage locations and issue updated worker procedures. 
In the intermediate term consideration can be given to the manner in which the rescue truck is loaded with 
equipment by analyzing the frequency that items are required for in-transit treatment (with frequently used items 
located within lower risk reach zones). For the long term, the models discussed here can be used in evaluating 
potential modifications to existing trucks or acquisition of new rescue trucks for ergonomic safety. 

In addition, alternative safety mechanisms to p~otect paramedics in situations when they must stand_ while the 
vehicle is in motion are highly recommended. These mechanisms may include a cargo net at the front end of the 
bench seat that would help to restrain workers from impact into vehicle wall in a sudden stop. An overhead restraint 
system similar to that used by US Army Jumpmasters would provide some automatic shock arresting capability 
while still allowing mobility within the vehicle. 
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TASK 3: RAPID INTERVENTION 

Task Description 

The qtSk involves ~e rapid extractiQn of firefighter from a building, structure, _etc. This task is accomplished by the 
Rapid Intervention Team (RIT) or Rapid Intervention Crew (RIC). The RI! (or RIC) does not activate or assist in a 
civilian rescue. The team is only activated for a firefighter in a distress (mayday) situation. The RIT responsibilities 
include: (1) locating the distressed firefighter, (2) providing air, (3) evacuating firefighter if possible, (4) advising 
others as to what equipment will be required to evacuate the distressed firefighter. 

The RIT equipment was located in a RIT bag which contained the following: additional air supply with a quick 
connect for supplying air to a firefighter who is out of air without having to remove their niask, rope (150 ft) which 
can be se~ured to an object/structure to assist the firefighter in finding his/her way out of a structure if vision is 
obscured, and a tarp/blanket which can be used to assist in dragging the do'Yfled firefighter to safety. 

Methodology and Analysis 

Liberty Mutual Group has compiled the ~anual Materials Handling Guidelines based on "Psychophysical Tables" 
for tasks including pushing, pulling, carrying, lifting, and lowering materials. The guidelines were established from 
the research conducted by Drs. Stover Snook and Vincent Ciriello at the Liberty Mutual Institute for Safety. The 
tables provide assessment of risk for a given manual handling job and provide a starting point from which solutions 
can be developed. These tables were used to assist in this analysis. 

Analysis of the force required to drag. the RIT bag and the force required to drag an average firefighter was 
determined. Due to the complexity and uncertainty of the environment the task would be performed, the following 
six assumptions were made to simplify the analysis: (I) dragging was conducted with constant velocity, (2) the 
entire object is flat on the floor; the object is not lifted off the floor, (3) the angle between the tensile force and floor 
remains constant, ( 4) kinetic friction equals static friction, ( 5) the location of pull is the mid-thigh level, ( 6) the tarp 
in the RIT bag is of similar material to the RIT bag itself, (7) the method of pulling a distressed firefighter is 
accomplished in a similar manner as pulling the RIT bag itself. 

Results 

The coefficien~ of friction between the RIT bag and floor surfaces of carpet and tile were experimentally 
determined. Next the required force for pulling the RIT bag and a distressed firefighter was calculated using the 
average coefficient of friction of the respective surfaces. The RIT bag and the firefighter' s standard protective 
equipment were weighed. These values were 41 lbs and 59 lbs. The average weights of US civilian adults, 50th 

percentile, are 62.0 kg for females and 78.5 kg for males (Kroemer, 2001). This data was then used to approximate 
the tensile forces required to pull the RIT bag, the RIT bag and female firefighter plus equipment, and the RIT bag 
·plus a male firefighter and equipment across· surfaces of both carpet and tile. 

Every situation will be unique and the distance traveled will vary. As such, a conservative distance value of 150 ft. 
and a conservative frequency of once per day were assumed. The force location--hands in the relation to the body
was in the vertical zone of"mid-thigh" as this was closest to where the firefighter's hands would be bending over to 
escape heat and smoke or at a similar level if they were crawling. For simplicity, initiation force was assumed equal 
to the force to sustain motion. · 

Table 3 shows the percent acceptability of male and female populations that could perform the tasks of pulling the 
RIT bag, a RIT bag plus a distressed female firefighter, and a RIT bag plus a distressed male firefighter, on surfaces 
of both carpet and tile. Italicized numbers in the boxes indicate that 50% or less of the population would find it 
acceptable; bold numbers indicate I 0% or less of the respective populations. 
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Carpet Tile 
RITBag Actual % Accept %Accept Actual %Accept % Accept 

Value [lb] Men Women Value [lb] Men Women 
Initial 23 .0 99.9 99.6 11.0 100.0 100.0 
Sustained 23.0 97.4 78. l 11.0 99.7 97.6 

RIT Bag + Female Firefie:hter: 
Initial 131.0 0.6 0.0 61.0 85.5 39.5 
Sustained 131.0 0.0 0.0 61.0 25.4 0.1 

RIT Bag + Male Firefie:hter: 
Initial 151.0 · 0.0 0.0 71.0 70.8 15.0 
Sustained 151.0 0.0 0.0 71.0 8.9 0.0 

T~ble 3: Acceptability based on one team member performing 

The firefighters work as team to extract their distressed coworker. At a minimum,"two team members could work in . 
tandem to accomplish the extraction; thus, it could be assumed that the team shares the load. The acceptability 
calculations were recalculated assuming two team members working together. This is shown in Table 4. Movement 
of the RIT bag is not a task of co~cem however, the extraction of the downed firefighters is a task of concern. 

Carpet Tile 
RifBag Actual %Accept %Accept Actual %Accept %Accept 

Value Ohl Men Women Value flbl Men Women 
Initial 11.5 100.0 100.0 5.5 100.0 100.0 
Sustained 11.5 99.7 97.3 5.5 99.9 99.4 

Rif Bag + Female Firefiihter: 
Initial 65.5 79.6 27.0 30.5 99.5 98.2 
Sustained 65.5 16.6 0.0 30.5 92.3 51.2 

Rif Bag + Male Firefiehter: 
Initial 75.5 62.5 8.3 35.5 99.l 95.6 
Sustained 75.5 4.9 0.0 35.5 86.0 32.0 

Table 4: Acceptability base~ on two team members performing 

Conclusions 

The standard design practice for a mixed workforce is to design so the task would be acceptable by 75% of females. 
This is not an issue when just the RIT bag is involved, but the addition of the distressed firefighter makes the task 
significantly more difficult. A major factor is the flooring material. In this analysis shows that extraction of male 
firefighter by a two-person team would be found acceptable by only 4.9% of males if on carpet, but by over 86% of 
males if flooring was tile. Average females would have a difficult time accomplishing this task especially if it was 
conducted on carpet. The bottom line remains though that this is a v~ry difficult task, even when the task is 
performed in a two-person team, and improvements to the equipment or task co~ld be advantageous. 

Recommendations 

The environment the firefighters work in is an extremely difficult one. The layout of the house or structure and the 
contents is unknown to the firefighter. In addition their vision may be obscured and they may end up crawling as 
opposed to moving in upright position to escape the smoke, h~at, etc. Listed beiow are some ergonomic issues that 
can be addressed to improve this task. 

Adding an exterior sheath or Velcro closing covering to the RIT bag would prevent loose straps, exterior flaps, 
zippers, etc. from getting caught on items/structures in the low-visibility and unknown environment. Redesign of 
blanket/tarp to assist in firefighter extraction is also recommended with one side having a very high coefficient of 
friction to keep the firefighter from sliding off as he or she is being dragged to safety. The other side, which could 
be both colored differently and printed with large letters stating "TIIlS SIDE DOWN", could be made of an 
extremely low coefficient of friction material to facilitate the pulling of the distressed firefighter. Modifying the bag 
to include a hard plastic heat resistant base and wheels to make it easier to get the RIT bag to and from the distressed 
the firefighter may also be of help. Finally, a small, wheeled stretcher board that might accommodate at least the 
upper torso of the firefighter may help in situations where it could be used. 
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OVERALL SUMMARY AND CONCLUSIONS 
Paramedics work in an environment where ~ritical tasks must be conducted in their entirety without pause for 
thought of the task's impact-to the performing individual's health and safety. Lifting l~ads, performing tasks in 
uncomfortable and unnatural positions, and working long hour shifts ·are commonplace ~ the profession. It is 
known that musculoskeletal injuries among paramedics and firefighters account for as much as 50% of all work
related injuries and contribute to a high proportion of the overall cost of total workers' compensation claims. 
Injuries and the lost time from work exact a toll on the individual as well as the organization. Of these injuries, the 
low back is the most common body part affected. Toe factors associated with low back injuries include heavy 
lifting; bending and twisting postures while lifting, sudden and forceful movements, and repetition. Prior research 
with paramedics has found that patient lifting, reaching for equipment, attending to patients in transit, and handling 
heavy loads are some of the frequently performed tasks that can most benefit from ergonomics evaluations. 

This analysis focused on three primary tasks: lifting patient and equipment on the gurney, in-transit patient care and 
equipment and techniques used for rapid intervention firefighter extractions. Ergonomic tools-Utah Back 
Compressive Force, Liberty Mutual Tables, and RULA- as well as observations and interviews with paramedics 
were used to assess the respective tasks. 

Results of the patient lifting task indicated that while six person lifts reduce back stress to acceptable limits, such 
situations are not practical for many emergency calls. A short term, minor modification could be made to the gurney 
such as the addition of a simple jack to assist in lifting the patient to the height required to affix the gurney to the 
embedded truck rail and lock it. A long term solution would be to purchase gurneys that have a lift assis4IDce 
feature. A thorough evaluation of gurney models available is recommended prior to purchasing new equipment as 
other niusculoskeletal concerns such as hand or shoulder injuries have been noted in some equipment that is 
designed to reduce injurjes ( c.f. Kluth and Strasser, 2006). 

For the in-transit patient care task, resµlts indicated that awkward postures when attending to patients and accessing 
equipment during transit are critical features that may contribute to MSD's or serious injury. For the short-term, 
recommendations included analysis of the placement of frequently used equipment into easier reach. Also a short
term, safety solution includes installing cargo-type netting or overhead restraint system that may secure personnel 
the case of accide1:1-t or sudden stops. A longer-term recommendation includes the use of scale drawings of 
paramedic reach overlaid on scale drawings of the patient compartment when evaluating new rescue trucks for 
addition to the department fleet. 

For the RIT firefighter extraction equipment, results indicated that pulling the bag alone does not present risk of 
MSD, but the tarp along with a downed firefighter and equipment does pose significant risk of back strain and other 
MSD injuries. Recommendations include a low friction, external "sleeve" that can be placed over the entire bag for 
use when entering a building. Slits or holes could be cut in the sleeve to allow easy access and roll out of the rope 
used for location for the return trip. The sleeve would prevent dangling parts from catching on objects that could 
hinder mobility. Velcro could be used for easy tear away when at the scene. Once assistance to the downed 
firefighter is commencing, the sleeve can be doffed and left behind. In addition, a low friction and flame retardant 
material is recommended for the underside of the tarp used to drag the firefighter and equipment. A flame retardant 
material of higher friction is recommended for the upper side so that firefighter and equipment would not fall off. 
Additionally, the bag could be redesigned to include a hard plastic base and wheels making it easier to get to and 
from the distressed the firefighter. A further improvement could be the addition of a mini, wheeled stretcher board 
that slides out from the bottom of RIT bag to which the distressed firefighter could be strapped to or hold on to. 

Kroemer, et al. (2001) state that handling materials is among the most frequent and the most severe causes of injury 
all over the world, with strains in the low back area predominating. Research with the paramedics/emergency 
medical service personal indicates an exceptionally high rate of low back injuries even compared to the general 
population of workers. · There are tools and procedures that can help reduce the chance of debilitating injuries, and 
there is research that supports this. Ergonomic improvements are available that facilitate jobs and tasks in an effort 
to reduce the chance of paramedics sustaining injury so they can effectively continue their job of saving lives. 
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ENGAGING ENGINEERING AND ENGINEERING TECHNOLOGY STUDENTS 
WITH VARIOUS ENGINEERING SOCIETIES AT PENN STATE FAYETTE 

Aiman S. Kuzmar · 
Penn State Fayette, The Eberly Campus 

ABSTRACT 
In the engineering industry, many professional societies exist. Professionals in the engineering industrial and 
educational communities like engineers and professors join various societies because they understand the benefits 
associated with such memberships. Students do not know the benefits of joining professional societies. It is very 
beneficial h~wever for students to be actively engaged with appropriate professional societies at an early age during 
their engineering education. The advantages of joining such professional societies to the students are outlined in 
details. The ways in which the students are being engaged with such professional societies in the Engineering 
Transfer and Building Systems Engineering Technology Programs at Penn State Fayette, The Eberly Campus are 
presented. 

PROFESSIONAL SOCIETIES DEFINITION 
A professional society is "an organization, usually non-profit, that exists to further a particular profession, to protect 
both the public interest.and the interests of professionals." 1 Other terminology used to describe such bodies includes 
professional organiz.ations, and professional associations. 

CLASSIFICATIONS OF PROFESSIONAL SOCIETIES 
There are various ways t,o classify professional societies. The most fundamental basis is the nature of the profession 
itself. For instance, the field of engineering has engineering professional societies like the National Society of 
Professional Engineers while the medical profession has its own societies like the American Medical Association. 
Other examples include the Law Society of Ireland in the profession of law and the Society of Business Ethics in the 
business profession. The Society for the Philosophical Study of Education is an example in the profession of 
education. 

Various professions cross path each other in out daily lives. Various societies reflect this intersection. For instance, 
the American Society· for Engineering Education promotes the education of engineering and engineering technology. 
Another example is the National Governors Association with governors of all backgrounds from politicians and 
businessmen to actors as members. 

Various professional societies exist within a discipline itself. For instance, the American Society of Civil Engineers 
represents civil engineering -while the Electrical and Electronic Institute belongs to electrical engineering. The 
Biomedical Engineering Society is in the field of biomedical engineering and the Society of Petroleum Engineers is 
in the petroleum engineering field. Other examples include the American Society of Chemical Engineers in 
chemical engineering, and the American Society of Mechanical Engineers in mechanical engineering. 

Almost all engineering fields have their own divisions. These divisions themselves tend to create their own 
professional societies. For example, civil engineering areas include structures, geotechnical engineering, 
transportation engineering, and hydrology among others. There are professional societies for each of these 
divisions. The Structural Engineering Society of New Zealand, the Indian Geotechnical Society, The American 
Association of State Highways and Transportation Officials, and the British Hydrological Society are· respective 
examples for the above civil engineering areas. 

Even within a branch of a specific engineering field, various professional societies exist based on the type of 
applications. For instance, structural engineers use various construction materials to build our infrastructure. This 
includes timber, concrete, and steel. The American Institute of Steel Construction promotes steel structures while 
the American Concrete Institute is dedicated to concrete structures. The Japan Wood Research Society as its name 
implies promote the use of timber as a structural material. 

The important application of concrete in the structures area within the field of civil engineering has its own 
subdivisions and consequently various professional societies. The Prestressed Concrete Association of Pennsylvania 
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prom~tes ~e use of prestressed stru~tural elements in bridges in the Commonwealth of Pennsylvania. There are two 
ways ID which prestressed concrete 1s produced. On one hand, the Post Tensioning Institute advances post
tensioned, prestressed concrete design and construction. 2 On the other hand, Precast/Prestressed Concrete Institute 
promotes precast prestressed concrete applications. 

Classifying professional societies can be also based on geographical location. This includes local societies like the 
San Francisco Medical Society, regional societies like the Pennsylvania Society of Physician Assistants, national 
societies like the National Pharmacy Association, and international societies like the International Media Lawyers 
Association. In some cases, only two couni!ies join together in this regard to form a professional society like the 
USA-China lawyers Society. · 

It is interesting to see that within a specific area of a profession, several professional societies exist based on 
geographical location. Fot example, the Canterbury Science Teachers Association, the Kentucky Science Teachers 
Association, and the Nebraska Association of Teachers of Science; the Australian Science Teachers Association, 
and the New Zealand Association of Science Educators; and the National Science Teachers Association are 
professional societies representing science teachers based on their locations. 

Many professional societies are also based on religion. For instance, the Association of Muslim Lawyers, the 
Christian Lawyers Society, and the Jewish Law Society are professional societies based on the profession oflaw and 
the religions oflslam, Christianity, and Judaism respectively. Even within one faith, various professional societies 
exist. The Catholic Lawyer Society is a case in point here. 

THE IMPORTANCE AND FUNCTIONS OF PROFESSIONAL SOCIETIES 
~e introductory section defining what a professional society is sums up the importance of professional societies. 
Professional societies are important to the profession itself, the professionals, and to the public. These components 
greatly interact with each other. For instance, advancing the interests of the professionals will result in the 
promotion of the profession itself. 

The main mission of almost all society is to advance the profession itself. This is done in many and various ways. 
This is not the place to outline all such activities because of its extremely long nature, but two examples are cited for 
illustration purposes. A quick look at the website of the National Society of Professional Engineers3 supports the 
above statement. It is clear from their website that this specific society is dedicated to the profession of engineering. 
The self-description of this society as Essential Resources for Engineering Success also reflects the.above statement. 
The posted article of: "What Would a Day Without PEs Be Like?" explains to everyone in our society the 
importance of professional engineers and their essential profession of engineering. As another example, the mission 
of the American Institute of Steel Construction "is to make structural steel the material of choice by being the leader 
in structural-steel-related technical and market-building activities, including: specification and code development, 
research, education, technical assistance, quality certification, standardization, and market development. AISC has a 
long tradition of service to the steel construction industry providing :timely and reliable information." 

4 

Professional societies also provide great benefits to their members. Generally speaking, these benefits fall into two 
broad categories. One category is the benefits directly related to the professional activities of the members while the 
other type of benefits is not at the professional .level. 

Again, this is rather long to outline in full details here, but an example is cited for illustration purposes. The 
American Society of Civil Engineers5 provides a very long list of benefits to its members in the following three large 
groups: 

I. ''Nation's Largest Resources of Civil Engineering Publications and Professional Development Tools 
2. Programs to Support the Professional Image of Civil Engineers 
3. Powerful Networking and Career Resources." 

Each of these groups contains an array of professional benefits for those who are members of this popular 
professional association. 
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This society also provides benefits that are not directly related to civil engineering. It provides group health 
insurance, credit cards, and car rental discounts for its members. 

Equally important, many professional societies have great influence -on policy making. Govennnent agencies often 
resort· to professional societies for advice. Professional societies themselves take initiatives and present their 
professional opinions to government bodies in a bid to influence their policy-decisions. All of this illustrates the 
importance of professional societies to the general public. Only a few examples are listed next t(! __ demonstrate this 
significance. 

The National Society of Professional Engineers has a special program for its members with a focus on the 
government. The Engineer Ambassador program "is designed to help increase the National Society of Professional 
Engineers political and legislative effectiveness at the grassroots level by encouraging National Society of 
Professional Engineers members to become more vocal and visible on Capitol Hill."3 

· 

Professional societies also serve the public in various capacities which are difficult to list in this short paper, but an 
example is given next. The American Society of Civil Engineers6 publishes a report card on America's 
infrastructure, .which includes aviation system, bridges, dams, drinking water, energy, hazardous waste, navigatable 
waterways, parks and recreation, rail systems, roads, schools, security, solid waste, transit, and wastewater. The 
public has-an access to.these report cards and in some cases act to fix deficiencies. News media especi~lly local 
stations occasionally ~roadcast parts of these cards. According to the Bridges section of the 2005 Report Card on 
America's Infrastructure, one in each four bridges is structurally unsound or obsolete nationwide a~ J,he ~nd of 2003. 

WHO JOINS PROFESSIONAL SOCIETIES 
Ahp.ost all professiona~ societies solicit and enroll individuals who have an interest in the profession at hand as 
members. There are many types of membership and this even varies from a society to another. Many professional 
societies distinguish members base4 on various components like seniority. Generally speaking, members in 
professional societies are professionals who have already graduated from college and are engaged actively in their .. 
professions. This includes faculty members at all kinds of institutes of higher education. 

SPECIAL ENGINEERING PROFESSIONAL SOCIETIES 
Most professional societies actively invite individuals to become members with them. In engineering, there are 
several professional"bodies that do not have individuals as members. However, their main mission is the same: to 

· · promote a certain profession and professionals associated with it. For instance, the Silica Fume Association 
promotes the use of silica fume in the making of concrete. This association does not currently have memberships 
for individuals. Another example is the Portland Cement Association which promotes cement. Some bodies like the 
Northeastern Cement Shippers Association· have memberships for firms, corporations, and universities rather than 
individual professionals. Still, individuals in~luding students can be engaged in activities provided by such 
professional organizations. 

STUDENTS AND PROFESSIONAL SOCIETIES 
Based on the author's observations and conclusions, at least in the engineering field, students rarely join 
professional societies unless they are strongly encouraged and motivated to do so. There are a few obvious reasons 
to explain this trend as outlined next. 

The most important factor in this regard is lack of knowledge on the students' part. Students in general do not even 
know what a professional society is. Even if a student has a superficial idea in this subject, he/she does not know 
which societies to join. The fact that there may be dozens of professional societies in one specific field makes it 
even harder for students to know what professional societies to join. It is almost a bewildering situation and 
guidance is needed in this regard. 

Another major inhibitor is the cost associated with joining professional societies. In general, joining a professional 
society is expensive. It is expensive for an average professional who is financially independent. This is exactly why 
an average professional chooses his/her societies carefully and joins a limited number of such societies at a time. 
This difficulty is especially amplified for those who are dependent on others and have limited fmancial resources 
like students. 

380 



Proceedings of the 2007 IEMS Conference 

Many professional societies recognized this burden on students and have taken measures to alleviate it. In the field 
of the author, several professional societies offer students reduced membership fees. Currently, the student's annual 
fee to join the American Society for Engineering Education is $20 compared to the normal fee of $69. Other 
professional societies offer free membership to students. For instance, the normal annual fee for average individuals 
is $208 to join the American Concrete Institute if they are older than 28 years, and $117 for those who are under the 
age of28 years. This American Concrete Institute offers two types of membership to students and one of them is 
free. The American Society for Testing and Materials offers a free membership for students as well. Some 
professional societies take additional steps in this regard. Besides offering a free membership to the students, the 
American Institute of Steel Construction offers those who teach steel to the students a fi:ee membership. The author 
is enjoying this opportunity as he teaches a steel construction course at Penn State Fayette. The normal annual 
membership fee for individuals is $135. 

Another reason for the low enrollment of students in professional societies stems from the nature of the current 
education system.and its students in general. Most students are extremely busy in·their curriculum activities and do 
not have the time to join professional bodies. Additionally, many students lack motivation to perform even what is 
required from them in the classroom. 

WHY ENGAGE STUDENTS WITH PROFESSIONAL SOCIETIES 
It is very important to engage students in professional societies for many reasons. Students are the future of our 
society in general and of their individual profession in particular. Engaging students will promote the profession 
itself: the main mission of professional societies. This is exactly why many professional societies are paying special 
attention to students. Second, students like professionals can benefit greatly upon joining professional societies. 
This promotes their education. It gives them a head start in their careers. It allows them the networking they need 
to. find a decent job upon graduation. Many professional societies, like the American Society of Steel Construction, 
offer or help students to obtain internships and even scholarships. · 

ABET CONSIDERATIONS 
Criterion 3i of the Accreditation Board for Engineering and Technology 7 (ABET) for engineering technology 
programs states: "students must attain a recognition for the need for, and ability to engage in life-long learning," and 
criterion 3j states: "students must attain a knowledge of contemporary issues." It is easy to see that engaging 
engineering technology students is one way to achieve these criteria. Similar criteria exist for engineering 
programs.8 

HOW TO ENGAGE AND WHO ENGAGES STUDENTS IN PROFESSIONAL SOCIETIES 
Engaging students in professional societies is not an easy task. It requires collaborative efforts from all of those who 
are involved in this process. Specifically, each of the following four components has major roles to play: 

1. Instructors 
2. Institutes of Higher Education 
3. Professional Societies 
4. Students 

Expanding on this topic is left for another presentation and paper due to its detailed nature. 

PENN STATE FAYETTE ACTIVITIES 
The Building Systems Engineering Technology and Engineering Transfer Programs at Penn State Fayette, The 
Eberly Campus understood the great importance of engaging students in professional societies as outlined above. 
The faculty members in these programs have made concerted. and sustained efforts to actively engage their students 
with various engineering professional industrial societies over the past few years. 

The activities of the faculty members at these programs at Penn State Fayette, The Eberly Campus vary depending 
on the courses offered by each individual faculty member although they have significant general similarities because 
of the extensive interaction and continuous consultation between these faculty members. For obvious reasons, the 
author is limiting this paper on his own activities in this regard. Next sections pertain to the activities conducted by 
the author. 
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ENGINEERING AND ENGINEERING TECHNOLOGY COURSES 
The author teaches courses in both the ·Building Systems Engineering Technology and the Engineering Transfer 
programs at Penn State Fayette, The Eberly Campus. 

The courses in the Engineering Transfer Pr~gram include: 

• ENGR IO0S: Introduction to Engineering Seminar 
• EMCH 11: Engineering Mechanics-StaticS-
• · EMCH 12: Engineering Mechanics-Dynamics 
• EMCH 13: Strength of Materials 

The courses !fl the Building Systems Engineering Technology Program include: 

• AET 214: Steel Construction 
• AET 215: Concrete Construction 

SPECIFIC PROFESSIONAL SOCIETIES PERTAINING TO THESE COURSES 
The following list contains the professional societies which the author has utilized in the past, and is currently 
utilizing in his engineering and engineering technology courses at Penn State Fayette, The Eberly Campus: 

1. ASEE: American Society for Engineering Education 
2. AISC: American Institute of Steel Construction 
3. ACI: American Concrete Institute 
4. NECSA: Northeastern Cement Shippers Association 
5. ASTM: American Society for Testing and Materials 
6. ASCE: American Society of Civil Engineers 
7. pti: Post-Tensioning Institute 
8~ pci: Precast/ Prestressed Concrete Institute 
9. CRSI: Concrete Reinforcing Steel Institute 
10. TMS: The Masonry Society 

ENGRlO0S 
· The Introduction to Engineering Seminar course ENGR 1 00S is a one-credit course offered to engineering students. 
All engineering students must take this course, and they usually take it in their first semester. Among other topics, 
students are introduced to the fundamentals of the engineering profession in this course. Most of the students are 
not yet fully sure about their intended major within engineering. For that, students are introduced to the basics of 
various engineering fields especially the most popular disciplines like civil, mechanical, electrical, and computer 
engineering. Further, each student is asked to research and submit a report on his/her own most favorite engineering 
discipline as ·well as the engineering field that is highly unlikely to be pursued by him/her. 

The instructor uses an excellent publication by the American Society for Engineering Education. The Engineering 
Go For _It! 9 is extremely useful in this regard. The students are strongly encouraged to contact this specific society 
and purchase it for a nominal charge of $3 for use in this course and for their own near future reference. 

This is a great time to start engaging engineering students in professional societies. The students are indeed 
introduced to the American Society for Engineering Education and are strongly encouraged to join it at a reduced 
student's membership rate of $20 as stated earlier. The students in this class do not belong to a specific engineering 
discipline. For that, they are introduced to general engineering professional societies especially those which offer 

. , free memberships to students like the American Society for Testing and Materials. The instructor does not mandate 
joining these professional societies in this introductory course. 

EMCH COURSES 
Almost all engineering transfer students at Penn State Fayette take at least one course in the EMCH series consisting 
of the courses ofEMCH 11: Statics, EMCH 12: Dynamics, and EMCH 13: Strength ofMaterials. Most of them 
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take all three courses. These are second year engineering courses. Students at this stage have a very good idea of 
the engineering disciplines they want to major in. 

The instructor digresses a little bit in these courses to teach his students about several aspects of the profession of 
engineering itself especially the ways in which engineering is practiced outside classroom settings. He gives his 
students advice based on his personal experience. Within this framework, the students are introduced· to various 
professional societies. 

The National Society of Professional Engineers is introduced when students are introduced to the concept of 
licensing and on how to become a licensed ·professional engineer (PE). One requirement is to pass a Fundamental of 
Engineering Exam (EF). The instructor makes it very clear to his students that students have the best chance to pass 
this exam before graduation and leaving college. The National Society of Professional Engineers offers various 
publications to help pass this FE exam to students and recent or even older engineering graduates. This is among 
other services offered by this society. This is the best time to engage the engineering students in this prominent 
society. The students are strongly encouraged to join it at a reduced rate of $20 pef year. 

The above EMCH courses have applications in various engineering fields especially civil, mechanical, industrial, 
and architectural engineering. The instructor has a habit of asking his students at the start of each course about their 
intended majors. This helps him to balance his courses to meet the needs of his students. The instructor gives his 
civil engineering students information about various societies in this specific field especially those with free or 
~duced membership fees like the American Society of Civil Engineers, the American Concrete Institute, and the 
American Institute of Steel Constructions. The instructor is a civil engineer, and this permits him to give extensive 
information in this regard. The instructor makes efforts to know about professional societies in other engineering 
fields and gives such information to his students. Mechanical engineering students are encouraged to join the 
American Society of Mechanical Engineers and the American Society of Heating, Refrigerating, and Air
Conditioning Engineers. These activities are performed either in class as time permits or outside classroom setting. 

CONSTRUCTION COURSES 
The AET 214: Steel Construction, and the AET 215: Concrete Construction courses are offered to students in the 
two-year Building Systems Engineering Technology Program. These are second year courses. The Steel course is 
offered in the Fall while the concrete course is offered in Spring semester of each year. As the titles imply, students 
learn fundamentals about the two most important and widely used con~truction materials stele and concrete. Same 
students take both courses. The instructor teaches his students some materials that benefit them in these courses. He 
spreads such materials over the two semesters. Teaching students about pertinent and important information about 
engineering professional societies in general and civil engineering professional societies in particular falls in the 
above common category between these courses. That is, engaging engineering technology students in professional 
societies spreads over all of the second year for these students. 

ASTM standards are used in both of these courses. It is a good plac~ to introduce the students to the American 
Society for Testing and Materials which produces the ASTM standards. The in~tructor requires his students in an 
official assignment to join the American Society for Testing and Materials as it offers a free membership to students. 
The student has to submit a copy of his/her application and a copy of his/her membership approval to get credit for 
this assignment. The same story applies to the American Society of Civil Engineers. The American Society of 
Engineering Education does not offer a free membership, but it offers a reduced fee for students ($20/yaer as stated 
earlier). The instructor strongly encourages his students tojoin this organiz.ation for its valuable benefits. The same 
story applies to the National Society of Professional Engineers. 

The students in this group starts to look up for a job when they take the steel course, but are actively seeking it in the 
Spring semester when they are taking the concrete course. Such professional societies offer as stated above 
networking and opportunities to find jobs. Some societies post students resumes on their website. The instructor 
offers a helping hand in this regard. 

Further, the instructor informs his students that listing their membership in various professional societies in their 
resumes increases their marketability. Employers like those graduates who engage in extra curriculum activities. . 
This listing of membership with various professional societies shows potential employers that the graduate thinks 
outside the box and is actively looking to improve his/herself professionally. 
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Steel and concrete are two different construction materials. That is why they are taught in two different courses. 
There are different professional societies to promote each material individually, and this where these two courses 
diverge _from each other. Some details on each course are outlined in the next two secfions. 

STEEL 
Besides using a normal textbook on steel, the AET 214 Steel Construction course requires the ext~~sive use of a 
standard steel manual. The Steel Construction Manual 10 is published by the American Society ot Civil Engineers. 
It is universally accepted as the standard manual in the steel industry. It is safe to state that every office that deals 
with steel construction has this code on its active bookshelves. This code is used by the instructor and his students 
every time this class meets except one or two periods at the most. 

At the beginning of this course, the instructor requires students to join this institute as it offers a free membership to 
students. Again, he makes it as an official assignment. One major benefit for this membership is to get publications 
at reduced prices. For instance, the price of the above code is listed as $350 for non-members and $175 for 
members with the American Institute of Steel Construction. This is besides other great professional and personal 
nonprofessional benefits. 

CONCRETE 
Similar to the steel course, the AET 215: Concrete Construction course requires an elaborate use of a code in 
addition to ·a normal textbook. The universally accepted standard code is published by the American Concrete 
Institute. This is the Building Code Requirements for Struct~ral Concrete (AC! 3~8:..05) and Commentary (ACI 
318R-05).11 It is the code mandated in this course. Concrete construction projects use this code all the time and so 
does our concrete cours.e at Penn State Fayette, The Eberly Campus. 

The students are required in an offici~l assignment to join the American Concrete Institute which offers students a 
free membership. Students have to submit a proof of joining this professional body to get credit for this assignment. 
This particular assignment is provided in Fig. I as a sample of such activities by the author at Penn State Fayette, 
Toe Eberly Campus. 

The American Concrete Institute offers a wide variety of benefits to its members, and the students tend to enjoy such 
benefits. One major.benefit is the reduced price on the publications of the American Concrete Institute which 

· · includes the required reference of the Building Code Requirements for Structural Concrete (ACI 318-05) and 
Commentary (ACI 318R-05). The member's price of this code is $98 compared to $162.50 for others. 

The instructor introduces his students to other concrete professional societies and strongly encourages them to 
become members with them. This includes the Post-Tensioning Institute, the Precast/ Prestressed Concrete Institute, 
the Concrete Reinforcing Steel Institute, and The Masonry Society (TMS). 

FUTURE PLANS 
This is an evolving process. The instructor improves it continuously. More and more professional societies are 
added to the listed ones. The instructor seeks advice from his students on this process. He looks for other ways to 
engage his students more in such important activities with such professional soci~ties. 
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Penn State Fayette, The Eberly Campus 

AET215 
Concrete Construction 

Homework Assignment # 6 

Due Date: Wednesday: 3/21/2007 

Look up the ACI website. Learn about its functions and services. Become a member with the ACI. There 
are two types of membership. One is free for students and the other is not. Learn about these two types 
and choose one of them. 

Submit a copy of your original application and a copy of your acceptance note as a HW. 

Fig. 1 Sample Assignment in the AET 215 Concrete Construction Course 

CONCLUSIONS AND A RECOMMENDATION 
Professional societies in general advance their prospective professions very well. There are many professional 
societies including the engineering field. Engaging students with such professional societies is highly beneficial for 
everyone. Further, although it requires some extra effort, involving students in engineering professional societies is 
manageable by instructors at institute of higher education. The author invites and strongly recommends other 
educators to do what is being implemented with the students in the Engineering Transfer and in the Building 
Systems Engineering Technology Programs at Penn State Fayette, The Eberly Campus as outlined above. 
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LESSONS LEARNED: INDUSTRY AND ACADEMIC ENGAGEMENT 

Jo Alice Pierce, Russell Aubrey, and Kenneth Heifner 
Purdue University . 

ABSTRACT 
This paper describes the lessons learned in a partner.ship between industry and academia to educate companies' 
leaders of tomorrow. These partnerships begin with a company certification program and progress into an academic 
certification program and then ending, at least at this point in time, with an associate degree. 

These university/industry partnerships bring many benefits to the state. Companies can win by becoming more 
competitive ·and creating company leaders for the future; employees benefit by enhancing their self esteem, 
becoming more successful on the job, and by enhancing their potential for promotion; and the university succeeds 
by learning from industry, increasing university enrollment, expanding a presence in the community, and fueling the 
state's economic engine. 

This paper will address the lessons learned from start-up, growth, and expansion of such programs. 

BACKGROUND 
The main campus of Purdue University is located in West Lafayette, Indiana. The 25th largest unive~ity in the 
United States, Purdue offers over 5,300 courses and has twel~e undergraduate coll~ges or schools for specialization. 
Purdue's enrollment for the 2005-2006 academic years is over 38,000 students in West Lafayette with an additional 
30,000 students in attendance throughout the state of Indiana in four Regional Campuses and seven Statewide 
Technology sites. · 

The College of Technology at Anderson is one of those seven Statewide Technology sites offering degrees in 
Computer Information Technology, Electrical Engineering Technology, Industrial Technology, and Organizational 
Leadership and Supervision. Having a campus population of about 150 students and a professional and dedicated . 
teaching staff, Purdue in Anderson is helping the area business and industry with the knowledge and skills needed to 
become more competitive. 

OUR EXPERIENCE BASE 
The conclusions or lessons learned as dispatched in this paper, come from work done with several companies in our 
geographic area, from divisions of large corporations to small home grown operations; from tomato juice to car 
parts; for old and young students; and for union and non union operations. 

At this time, the operations involved in this study include a General Motors Corporation Metal Fabricating Plant; a 
Delphi Automotive plant making lights for automobiles; Total Electronics Corporation, an electronics 
manufacturing services provider; -Gaylor, a full service contractor specializing in commercial, industrial, 
telecommunications, and institutional construction; Small Parts, Inc., a custom manufacturer of precision metal 
stampings; Meyers Springs, a manufacturer of precision springs for a variety of applications including writing 
instruments, military and space applications, appliances, toys, and agriculture; and_ Red Gold, Inc, that grows and 
processes tomatoes into canned goods, pastes, sauces, and juices. 

PURPOSE 
The purpose with each of these companies was to put together an educational experience for the employees that 
would not only benefit the company in terms of increased quality and productivity, but to benefit the employees by 
providing them with tools to be used on the plant floor to make them successful. As a result, each company began 
with a "certificate" program using regular Purdue for credit courses based on the objectives as delivered by the 
employer. In several cases, the participating employees and employers expanded the program to im;lude an 
~sociate degree with thoughts of a bachelor degree in the future. 

LESSONS LEARNED 
Qualified students will participate in these programs when they will not go to Purdue's satellite locations because of 
convenience and comfort. Most programs are set up so classes start right after or before work hours in the 
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participating company's training of conference rooms. Participants feel safer in this familiar environment to take the 
risk of attempting to re-enter or initiate post-secondary education. After they have completed certificates about a 
third of them go on to earn degrees at satellite locations. These practitioners add significant enrichment to classes 
held on campus. When combined with traditional students, they are usually eager to share their experiences with the 
class, which validates the value of the instructor's lesson content. 

The best way to kill an on-site program is to start with basic algebra or even English IO 1. Start the program with 
applied courses first, for example, even if basic algebra is necessary, it is better to nurture adults through the use of 
applied mathematics in the context of the re.al world. This is because adult learners can more easily relate to 
education when it is applied. That is, they can back into algebra and English better that starting with it. This is 
counter-intuitive to the basic hierarchy of academic program design but aligned with the precepts of andragogy, the 
study of aduit learners. (See the following heading for a more detailed understanding of andragogy.) Adults learn 
more easily if the subject they are learning can be readily applied to their work. Once they have gained confidence 
in their ability to succeed at a post-secondary level and have revived or developed.effective study habits they will 
more easily handle more abstract and/or less applicable "prerequisites". This is kind of a catch 22 situation that 
must be skillfully managed as institutions traditionally try to start these programs with what they believe are 
elementary courses when they are in fact some of the most difficult for adults re-entering the formal education 
process. 

These programs, if administered effectively can really turn heads quickly. That is, the participants begin 
immediately to apply what they have learned within their organization. Just a small number of participants can have 
a high impact on quality, productivity improvement, and reduction of costs within the sponsoring organization. 
Perhaps the most notable contribution is the confidence and enthusiasm displayed toward the application of their 
newfound knowledge and skills. It is contagious! Fourteen out of fifteen participants in the Delphi program were 
promoted after completing the 33 credit hour certificate. Many of the participants in the Total Electronics program 
were promoted before they finished their certificates. 

Participation in these programs should be voluntary. Participants who don't want to be in class can create 
significant disruption to the learning experience. Some can be won over but this is at significant expense to 
participants who want to be there and are actually enjoying the learning experience. 

Getting programs like these started is no easy task. It takes a two-pronged marketing approach beginning with the 
organiz.ation's leadership. Once you have their buy-in, you then can make an appeal to the potential participants. 
Most management representatives want to steer you to the human resources department. Because these programs 
take time and money to launch, you must get to the decision-makers; the "movers and shakers" to have a chance at 
launching a new program. The marketing of the program is different for the organizational leadership than it is for 
the potential individual participant. The leadership wants to hear how this program will pay them back quickly by 
reducing costs and improving quality and productivity. The potential individual participant wants to hear how the 
program will help them get promotions, more money, and challenging opportunities. Getting· the cart before the 
horse can stop you dead in your tracks. Many managers think, if they education.their workforce, they will either 
leave or want more money to stay. The truth is, if they don't educate the ones that want education they will leave 
anyway. It is best not to have this conversation with managemen~ unless they either raise this issue or balk at getting 
started. 

ANDRAGOGY (M~ KNOWLES) 

Overview 
Knowles' theory of andragogy is an attempt to develop a theory specifically for adult learning. Knowles emphasizes 
that adults are self-directed and expect to take responsibility for decisions. Adult learning programs must 
accommodate this fundamental aspect. 

Andragogy makes the following assumptions about the design of learning: (1) Adults need to know why they need 
to learn something, (2) Adults need to learn experientially, (3) Adults approach learning as problem-solving, and (4) 
Adults learn best when the topic is of immediate value. 
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. . 

In practical terms, andragogy means that instruction for adults needs to focus more on the process and less on the 
content being taught. Strategies such as case studies, role-playing, simulations, and self-evaluation are most useful. 
Instructors adopt a role of facilitator or resource rather than lecturer or grader. 

Scope / Application· · . - · 
Andragogy applies to any form of adult learning and has been used extensively in the design of organizational 
training programs, especially for "soft skill" domains such as management development. For exapple, Knowles 
(1984, Appendix D) provides an example of applying andragogy principles to the design of personal computer 
training: 

1. There is a need to explain why specific things are being taught (e.g., certain commands, functions, 
operations, etc. . 

2. Iristruction should be task-oriented instead of memorization - learning activities should be in the context of 
common tasks to be performed. 

3. Instruction should take into account the wide range of different backgrounds of learners; learning materials 
and activities should allow for different level&/types of previous experience with computers. -

4. Since .adults are self-directed, instruction should allow learners to discover things for themselves, providing 
guidance and help when mistakes are made. · 

This example is based on Knowles principles that (1) adults need to be involved in the planning and evaluation of 
their instruction, (2) experience -including mistakes-provides the basis for learning activities, (3) ~dults are most 
interested in learning subjects that have immediate relevance.to their job or perso~al life, and (4) adult learning is 
problem-centered rather than content-oriented. 

SUMMARY 
Although it is hard work, soliciting _s~dents using on-site certificate programs has some great side benefits: 

It gets Indiana residents involved in value-added professional development that would have never · 
considered going to any college campus for education. 
It provides Indiana companies with more technology leaders and contributors to advanced ·manufacturing 
methodologies. 
It demonstrates the value of the Industrial Technology and Organizational Leadership and Supervision 
courses and their respective degree programs to the participating employers which in turn are likely to whet 
their appetite for future graduates of these programs. 
Testimonies of the employers and graduates of these programs can be used to solicit other traditional 
students. 
When those that earn certificates go on to earn degrees, it provides an infusion of experienced practitioners 

· · into the campus classroom, which in turn yields a richer learning environment. 
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FOUR AXIS MILLING MACHINE IN A SHARED RESOURCE CENTER 

Richelle Atienz.a, Anthony Barletta, Jesse Parkhurst, Alexandra Schonning 
University ofNorth Florida 

INTRODUCTION 

Description of MIP . 
Florida's First Coast Manufacturing Innovation Partnership (MIP) and the University of North Florida host a shared 
resource center utilized by the local industry [1]. One of the resources is a four axes CNC milling machine. 
Discussed are the capabilities and uses of the machine and how it prepares students for professional opportunities. 
The MIP provides research opportunities for its students through collaborative projects with the local industry. 
Some of the industrial collaborators are Shands Orthopedic Department [2], Walter Lorenz Surgical [3], Armor . 
Holdings [4], Predator Products [5], the Ronco Group Inc. [6], and Jaguar Security. [7]. Past projects have included 
the design of a new medical tap stop device for Walter Lorenz, a redesign of barrel cleaning devices for Armor 
Holdings and a detailed finite element analysis for Predator Products. The MIP program encompasses industrial 
collaborators, faculty members, a dedicated group of student workers who participate on several projects, and a 
shared resource center. 

The Resource Center 

One of the goals of the MIP program was to create a shared resource center to aid in the development of the local 
engineering companies. Current resources include a number of machines that can be used to manufacture prototypes, 
robotic machines, and software tools. Most of the manufacturing machines require some type of Computer-Aided 
Design (CAD) model. The manufacturing equipment include a vacuum former, a three-dimensional digitizer, a rapid 
prototyping machine, a set of equipment for investment casting, and ~ MAXNC 15 Computer Numerically 
~ontrolled (CNC) Milling Machine. The resource center also provides software resources for the use of Finite 
Element Modeling and Analysis, Computer-Aided Manufacturing (CAM), and other CAD software such as 
Rhinoceros 3.0, and AutoCAD 2007. The CNC milling machine is a four axes milling machine with the ability to 
move linearly in the x, y, and z directions in addition to rotating about.the x-axes. The 4th axis has been installed at a 
later date than the linear motions and provides a means for rotating the workpiece a full 360°. 

DESCRIPTION OF FOUR AXIS MILLING 

Background on Milling 

Milling is a traditional machining process, using a cutter head that can be moved across a surface to cut a detailed 
part through material removal. A typical bent knee mill is controlled by moving a table along the X, Y, and Z slew 
axis and tilting the cutting head in the X and Y rotational axis. The addition of a rotating table greatly adds to the 
capabilities of a milling machine by allowing a more efficient and precise machining of parts having geometries 
other than rectangular. In the 1950's Numerically Controlled·(NC) milling machines started to enter industry. 
These devices would read from a prearranged configuration allowing for the efficient production of repetitive 
devices. The trade off with the NC machines was their difficulty in reprogramming, being mostly 
electromechanical. Later the NCs became computerized initiating the modem CNC milling. The CNC is a much 
more open ended device allowing for rapid translation from design to construction and allowing for the production 
of complex parts on a limited production run. 

Description of CNC Milling Machine 

The bed of the CNC milling machine can move left to right and forward and backward in the X and Y directions, 
respectively, while the spindle head can move up and down in the Z direction. The four inch diameter rotary table 
which provides movement about the fourth "A" axis is mounted onto one end of the milling machine bed. Its axis of 
rotation is parallel with the milling machine's X axis and the work piece is perpendicular to the Z axis. Attached to 
the fourth axis is a four jaw chuck and on the other end of the bed is a tailstock. Figure 1 shows how the fourth axis 
is set up on the bed. The four jaw chuck allows the work piece to be rigidly held to the bed and the tailstock allows 
the work piece to rotate on dead center. 
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Figure 1: Configuration of fourth axis rotary_table to bed. 

Advantages and Disadvantages of Fourth Axis 

There are advantages and disadvantages to having the fourth axis verses the standard three axes. One advantage is 
the obvious fact that in comparison to the standard three axes, the work piece is now able to rotate a full 360°. This 
allows for more complicated parts to be manufactured. Also, a wide variety of parts can now be milled, i.e., 
cylinders, parts with ~dercuts, parts with holes, etc. However, the downside is that the work area is reduced in size. 
Because the fourth axis must be fixed onto the bed, about three quarters of the bed is left for the Part restricting the 
size of _the work piece. · · 

Installation of 4th axis . 

When the team received the fourth axis kit, it was found to lack several correctly sized mounting tabs to attach the 
four jaw chuck to the rotating base. This left the student team with the option of contacting the company that 
supplied the fourth axis or find an alternative. The student group chose to do the latter since it would facilitate the 
training of new team members ·and would be a faster process. The chuck has three mounting holes which connect to 
therotating base via mounting tabs which slip along 4 different possible keyways. The student group measured the 
dimensions for the holes and tabs. With this information the team constructed a model in Pro ENGINEER Wildfire 
1.0. The model was ~onstructed by the use of Stratasys' Dimension BST, the lab's Rapid Prototyping Machine 
(RPM). The Pro ·ENGINEER model was exported in a file format compatible with the CATALYST software that 

· · cqntrols the RPM. The student group then generated ·a single prototype of the piece and tested for fitment. The 
initial design did not allow for play, and was difficult to assemble. The group decided to revise the design and allow 
for fit tolerances of ten thousandths. A second prototype, shown in Figure 2, was manufactured and this model 
worked properly. 

•• 

Figure 2: The mounting tabs used to 
attach the jaw chuck to the rotary table 

After attaching the chuck, the student group moved on to connecting the fourth axis assembly to the CNC controller. 
After connecting the cabling and installing the revised controller software, the fourth axis assembly did not function. 
The group felt this could be the result of either a hardware or software problem. After double checking the software 
installation and still finding the fourth axis was unresponsive the students moved to check if it was a fault with the 
motor of the fourth axis. To do this, the group decided to connect the fourth axis to the Y axis motor controller port. 
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After ~is connection was done, the group tested the Y axis controller jog and found the fourth axis would rotate; 
removmg the motor as the source of the problem. Next, the Y axis was connected to the fourth axis control port and 
the fourth axis controller was jogged. There was no response in the Y axis. The students spent the next several days 
on the phone with tech support and were able to find there was a setting that was incorrectly set in the controller 
configuration file that was not updated when the fourth axis was installed. 

COMPUTER-AIDED MANUFACTURING 

Manual G-Code Generation 

The fourth axis could be programmed manually by writing G-code. The commands for the fourth axis are similar to 
those used for the other axes, with the fourth axis referred to as the A axis. The G code commands for the A axis 
specified the number of degrees the axis needed to turn. For example, the command XOYIZ3A270 would cause the 
spindle to move to the xyz coordinates (0,1,3) and would rotate the workpiece to an angle of 270°. Besides for the 
addition of comn1ands for the A axis, the G code is similar to that used in a three axis CNC milling machine. 

G-code Generation using CAM software 

Generating the code using CAM software was more complicated than writing the G-Code. -The software used to 
generate the G-Code was I-DEAS NX. This is a three dimensional design program that allows the user to determine 
certain parameters on the milling machine. It has a manufacturing module, specifically a generative machining task. 
The user is asked to define things such as the coordinate system the part is using, the surfaces that are to be 
machined, the tool, feeds and speeds, etc. Most of the features are roughly the same for the three axes. However, for 
the fourth axis, the coordinate system is the most important feature to define because every time the user wants the 
part to rotate, a new coordinate system must be defined. For a standard three axes, the part has the same coordinate 
system the entire time because the part never moves from the bed. An interesting feature is the animate feature. 
After the parameters have been selected, I-DEAS creates a tool path and then is able to simulate what the actual 
milling is going to look like. After the parameters have been defined,· the user then creates a CL file. This file takes 
all the previously defined parameters and translates it into G-Code that the software on the CNC milling machine 
will understand. 

APPLICATIONS 

To demonstrate the capabilities of the fourth axis, a sinusoidal wave profile was milled on the machine. In a separate 
project with a local surgical instrumentation manufacturer, a tap stop was designed that allowed for·easy 
adjustability of penetration depth. The tap stop designed is shown in Figure 3. The stop utilized a pair of sinusoidal 
cam profiles which translated the rotation of the outer collet into a linear motion. This motion engaged and 
disengaged the stop from the tap. The cam profile is basically a sine wave with two peaks wrapped around the 
circumference of the stop. Any material above this wave would be cut way. 

Press Fitted 
Ring ~ 

'" 
Collet -. 

Pin 
Hole 

·\ 
\ 

\ 

\ 

\ 
\ 

\ 

\ 
\ 

\ _ Spring 

L Cam 
Profiles 
Inte1face 

Tap 

Figure 3: Tap stop with sinusoidal cam profiles 
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During the project, som~ difficulty was encountered in machining these cam profiles. The cam profiles could not 
easily be communicated in terms needed by the machinist's software. Eventually these difficulties were overcome 
and the tap stop was machined as shown in Figure 4. During the design and maimfac~g process, there was a 
desire for the ability to machine such .a wave profile at the university. The addition of the fourth axis to the CNC 
milling machine made this a reality. One·ofthe first projects undertaken with the fourth.axis was the machining of a 
wave profile similar to the cam profile on the tap stop. · 

Figure 4: Manufactured ~p stop with ca~ profiles 

For this demonstration, the cam profile was milled into a wax cylinder with a diameter of2" and a length of2.5". To 
create the req~ired G code, an equation \\'.as first derived which would generate a sine wave with an amplitude of 
0.536" and a wavelength of3.14". A sine wave with this wavelength would have two peaks within a length equal to 
the circumference. This.equation was used in conjunction with Microsoft Excel to generate an array of points. These 
points were coordinates for the X and A axes for one full rotation of the part. The positions along ·the Y and Z axes 
would be.constant during much of the operation. Using basic text and concatenate functions, G code was generated 

· from this array of points. To complet~ the G code, additional commands were added before and after this code to set 
the spindle speed, feed rates, and cut depth, among other things. This G code was used to mill the wave profile onto 
th~ wax cylinder. This milled profile is shown in Figure 5. 

Figure 5: Wave profile milled with the fourth axis 

CONCLUSION 
The addition of the fourth axis to the CNC milling machine has expanded the manufacturing capabilities available at 
the University of North Florida. With the addition of this resource, students can manufacture parts requiring 
complex features for both MIP and class projects. The installation of the fourth axis was itself an educational 
endeavor, requiring the use of CAM, rapid prototyping, and troubleshooting skllls by the participating students. The 
addition of this capability also serves to further educate students about the manufacturing methods available in 
industry, preparing them for a future career in engineering. 
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ONE-PIE.CE FLOW-MANUFACTURING AT TENNESSEE TOOL FACTORY 

Guanghsu A. Chang . 
East Tennessee State University 

ABSTRACT 

One-piece flow .approach is a lean technique used to manufacture components at Tennessee Tool Factory. The 
purpose of this study is to implement one-piece flow manufacturing system at Tennessee Tool Factory. The results 
of study found that one-piece flow is an extremely efficient way to manufacture hand tools, provided a continuous 
flow line between overmolding and assembly operations. This study may provide a useful reference for production 
managers attempting to increase employee productivity through optimization of the manufacturing flow. 

INTRODUCTION 
An increasing number of United States factories are n~w introducing lean manufacturing with determined support 
from the top management. Tennessee Tool Factory (TIF) is one multinational company where top management has 
made a firm commitment.to introducing what it calls One-Piece Flow Manufacturing (OPFM). In October 2005, the 
board of management has decided to give vigorous direction to one-piece flow approach to lean manufacturing. 
Over the last few months, we have seen how progress and improvement are approached at Tennessee Tool Factory. 
In particular, one-piece flow manufacturing really cut labor c~st and reduce work-!fi.:.process (WIP) inventory a lot. 
Since one-piece flow is a part ofKAIZEN process and involves everyone in the factory (see Table I). 

T bl 1 ff h f a e - 1erarc lY o one-piece fl ow mvo vement 
Management Supervisors Workers 

Be determined to introduce one- Implement one-piece flow Engage in one-piece flow 
piece flow as a tool of reducing WIP methodology to the factory implementation and learning 
inventory 
Provide support and direction for Develop plans for one-piece flow Enhance KAIZEN skills and job 
one-piece flow by allocating procedures and provide guidance to performance expertise with cross-
necessary resources workers education 
Realize one-piece flow goals Introduce one-piece flow discipline Engage in continuous self-
through continuous improvement in the factory development to become better 
process problem solvers 
Provide continuous improvement Establish, maintain, and upgrade Practice one-piece flow discipline in 
feedback to one-piece program team lean manufacturing standards the workshop 

One-piece flow is one of most ~eful approaches oflean manufacturing. It is a tool that help Tennessee Tool Factory 
achieve true just-in-time manufacturing. Obviously, piece parts at TTF are moved through operations from step-to
step with no Work-in-process in between either one piece at a time or a small batch. In order to increase one-piece 
flow operation performance, a U-shaped workcell layout is employed to shorten worker's movement and save floor 
space. In addition, production processes and equipment must have the following features: ( 1) high equipment up
time, (2) high process capability, and (3) quality teamwork. · 

PROBLEM DESCRIPTION 
A factory's ability to survive depends on how well the factory adapts to demands imposed by a changing 
environment. The manufacturing process at Tennessee Tool Factory typically involves numerous stages, all of 
which must be coordinated such that materials produced at some stages arrive in the right quantities and at the right 
times at the other stages that need them. Because of equipment breakdown, material shortage, and other 
unanticipated problems keep changing the rates of supply and demand everywhere in the process, production control 
becomes a very difficult task. One way to keep materials moving through the process regardless of problems is to 
build up WIP for each process. In order to cover all kinds of problems, TIF had huge WIP inventory in the plant. 
With lean manufacturing concepts, Tennessee Tool Factory spent years looking for a way to improve production 
coordination without the need for large WIP inventories. The solution is one-piece flow manufacturing. As global 
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competition intensifies, Tennessee Tool Factory needs to introduce one-piece flow manufacturing to their plant and 
lower down their work-in-process immediately. 

Benefits of One-piece Flow 
At the heart of any Lean process is the pursuit of perfection through the continuous flow of work, one piece at a 
time. This makes the 7 wastes and the problems hidden by inventory highly visible. The benefits of one-piece 
flow at Tennessee Tool Factory include: 

1. Work-in-process reduction (75%) 
2. Operator productivity increase (15%) 
3. Short lead-times and fast customer response (20%) 
4. ~lity improvements 
5. Less Material handling request (30%) 
6. Less floor space occupation (25%) 
7. Ability to adapt fluctuating demand 

ONE-PIECE FLOW IMPLEMENTATION 
One-piece flow is one of the best.value solutions for increasing employee productivity and.decreasing Work-in
process inventory at Tennessee Tool Factory. In the case of a 9-inch torpedo level, the transition to one-piece flow 
manufacturing system is all about cost and inventory. The high cost of work-in-process inventory is the major factor 
to challenge management change their thinking and facility layout. Integrating 9-inch torpedo level assembly and 
testing operations with overmolding operation is the first activity to form one-piece flow manufacturing system. In 
order to achieve one-piece flow objectives, a number of KAIZEN activities provide a good start to fulfill the benefits 
of one-piece flow. This study will present seven steps to creating one-piece flow manufacturing cells. 

Step 1: Conduct volume-variety analysis. 
This volume-variety analysis (known as Product-Quantity analysis) is very important in determining which products 
Qr product family should employ one-piece flow manufacturing. The first step in_this analysis is to gather and record 
product demand data and generate a volume-Variety chart (see Figure I). We found that one of our customers have 
high-volume, low-variety products, Our customer demand (9-inch torpedo level) falls in the range between 150,000 
and 200,000 units per year. The situation is characterized by a high demand rate for the product, and the production 
facility is dedicated to the manufacture of this 9-inch torpedo l~vel. Management decided to create one-piece flow 
production line for this product. 

Volume-Variety Chart 

Product family for One-piece flow mfg. 
- 9" torpedo level (Regular) 
- 9" torpedo level (with magnet) 

Variety 

Figure I - Volume-Variety Chart for Tennessee Tool Factory 

One-piece flow production involves multiple workstations arrange in U-shaped line and the parts are physically 
moved through the U-shaped line to complete the product. 
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Step 2:· Calculate Takt Time CTJ and Cycle Time ITJ. · 
One-piece flow manufacturing cell must be .design to achieve Takt time sufficient to satisfy demand for the product. 
Product demand is often expressed as a monthly rate. With a monthly demand of 13,200 pieces, management 
decided_ average 22 days/per month, ~d 7 .5 hours/per shift, then the Takt time is given by 

Takt Time (Tt) = Total time available per shift/ Customer demand per shift 

Example: Work time/Shift= 27,000 seconds 

Demand/Shift = 600 units 

Takt Time = 27,000/600 = 45 sec. 

(1) 

The customer demands one unit every 45 seconds. This Takt time (ideal time) must be converted to a cycle time {Tc 
= min/cycle) which is the time interval at which the one-piece flow line will be operated. The cycle time must 
consider several production down time such as: (I) quality problems, (2) material shortage, (3) equipment failures, 
(3) power outages, an4 (5) other unplanned stoppage. As a consequence of production down time, the final cycle 
time will be: · 

Tc = Takt time x E 

Tc= 45 x 0.95 = 42.75 sec. 

Where: E = line Efficiency, the proportion of shift time that the one-piece flow line is up and operating. 
E = production up time / totai shift time available; total shift time available = up time + down time 

Step 3: Decide the work elements time CTJ and the work content time CT~ for building one piece. 
For the ease of line balance, the whole operation should be divided into group of motions known as work elements 
{Tc)- The total time of all work elements that must be performed on the line to make one unit of the product is the 
work content time {'f we)- In order to decide the work elements, factory engineers watched and recorded each element 
several cycles. After motion time study, the original work elements are shown in the table 2. 

T bl 2 Ori . 1 W k El a e - 1gma or emen or ts£ T orpe o eve d L 1 (OM9) A bl ssem 1y 

Element 
Work Element Description Te (Sec.) 

Must be preceded 
No. by 

1 Overmold level bases (see Figure 2 and 3) 37.2 none 
2 Build level assembly (see Figure 4) 25.2 l 
3 Weld level assembly ·(Ultrasonic welder system 8400) (see Figure 5) 7.8 2 
4 Magnet level assembly 9.9 none 
5 Check level accuracy {Inspection) (see Figure 6) 11.4 3,4 
6 Sleeve level (see Figure 7) 13.8 5 
7 Inner pack (12 pieces/box), place sticker and stamp date (see Figure 7) 6.0 6 
8 Outer pack, tape, place sticker and stamp date (see Figure 7) 1.2 7 

Total Twc=112.5 
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Figure 2 - Injection molding operation at TTL 

Figure 4 - Level assembly operations Figure 5- Weld leve~ assembly (Ultrasonic weld_er) 

Figure 6 - Level accuracy check Figure 7 - Inner and outer packing 

Step 4: Conduct Operation Analysis and Address Difficulties 
The whole operation involved the ovennolding and final assembly of a 9 inch torpedo level. The overmolding 
operation was performed at injection molding department and final assembly was performed at assembly department 
which is 120 feet away from injection molding department. The job was run by four operators. Also, the operation 
did not have a balance flow. In order to avoid production stoppage, operators decided to increase work-in-process 
level. As a consequence, the assembly and packing operations were always running behind. The improvement of 
existing operations is a continuing process at TTF. Experience has proven that practically some operations can be 
improved by using the following approaches: 

1. Rearrangement - Since the cure time of the rubber controls the cycle time we could not shorten it with 
making defective parts. We could organize the workstation better (see Figure 9 and 13), so the molding 
operator could do more than just load and unload the machine. By putting all four parts in one container 
(see Figure 8); it would reduce space used around the machine. 
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Figure 8 - container used for overmolding parts Figure 9 -Injection molding workstation (with a grinder) 

2. Simplification - Improvement 2 was made at magnet station. Each magnet has an adhesive backing that is 
aw~ard to remove. A better method was found and put in place. This improvement lowered the magnet 
time from 9.9 to 9.0 seconds. Operators who were not experienced at this operation get confused about 
the orientation.of parts, slowing this element down. We decided to put a laminated picture (see Figure 10) 
of the assembly on the table for operators to have a visual reference for every assembly. · · 

3 Elimination - Improvement 3 was made at the welding station (see figure 11 ). The welder was staying in the 
down position too · 1ong. TQ.is welding improvement was verified by quality control. Maintenance will 
make the machine non adjustable. Workstation time went from 7.8 to 6:o minutes. 

Figure 10 - A visual reference for every assembly Figure 11- Welding station 

4. Combination - This improvement was made at the check station. When an operator checks the level, if the 
bubble is not in the center they shim the part to see if it is within industry standards. The shims are small 
and difficult to deal with and many times get lost. Improvement 4 would be to permanently fix the shims 
on the bars spaced 11" apart (see Figure 12), so as the operator places level on the bar, they can, ifneeded, 
just slide the level onto the shim. Some temporary modifications were- done and tested. Workstation time 
went from 11.4 to 8.4 seconds. 
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Figure 12 - Check station Figure 13 - °Workstation integration 

Step S: Assign Work Elements to the Workstation. {Theoretical minimum number of workers) 
The most important step to achieve one-piece flow manufacturing is to equally assign work elements to each 
workstation (see Table 3). The first question we have is how many workers are needed to meet cycle time. The 
following equation below shows the computation of the theoretical minimum number of wo~kers for above example. 
Theoretical minimum number of workers (w) = Minimum Integer~ [Work content time (Twc) / Cycle time (Tc)] 
Example: work content time = 112.5 seconds 

Cycle time= 42.75 seconds 
Theoretical minimum number of workers: 112.5/42.75 = 2.63 (3 operators) 

T bl 3 W kEl a e - or ements ss1gne to tations A . d S . A ccor mg to th L e argest an I te ue C d"da R 1 

Station Work Elements Te (Sec.) 
Station Tiine (Sec.) 

Tsi 
1 1. Overmold level bases 37.2 37.2 

2 
2. Build level assembly 25.2 

35.1 
4. Magnet level assembly 9.9 
3. Weld level assembly 7.8 

3 5. Check level accuracy 11.4 33.0 
6. Sleeve level 13.8 

·• 

4 7. Innerpack (24 piece?), place sticker and stamp date 6.0 
7.2 

8. Outerpack, tape, place sticker and stamp date 1.2 
Total Twc = 112.5 

The work content performed on one-piece flow line includes many separate and distinct work elements. Obviously, 
the sequence in which these elements can be performed is resttjcted. Precedence -constraints usually can be presented 
graphically in the form of precedence diagram (see Figure 14). 

Tel=27.2 Te2=25.2 Te3=7.8 
Precedence Diagram 

Te4=9.9 TeS=ll.4 Te6=13.8 Te7=6.0 . TeB=l.2 

A-0-N (Activity-on-Node) 
Network diagram convention in which 
nodes designate activities 

Work element time 

Te~2~ 

Proceeding activity Following activity 

Figure 14 - Precedence diagram for Torpedo Level (OM9) Assembly 

Because of the variation in element times and the restrictions on order in which the work elements can be performed, 
it is difficult to obtain equal service times for all stations. With the intent to meet Takt time, the one-piece flow line 
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must operate at a specified cycle time (42.75 sec.). Under these constraints, the line balancing problem becomes 
very complicated and impossible to equally assign the individual work elements to workstations. Figure 15 reveals 
all four work contents for 9 'inch torpedo level. 

Idle time = 5.55 
Time 

Tc=42:- Tc=37.2 

Idle time· = 35.5 

Station 1 2 3 4 

Figure 15 - Components of cycle time at several stations on Torpedo Level (OM9) one-piece flow line 

Two important factors in forming one-piece flow line are the elimination of unnecessary work elements and 
continuing improvement in each workstation. Based on these factors we can develop a new one-piece flow layout: 

Step 6: Develop a One-piece Flow Layout 
Changing from functional layout to one-piece flow layout is all about transformation. Management and employees 
must change the way have been doing things for many years and adapt to new and uncertain process changes. Figure . 
16 shows one-piece flow layout at TTF. · 

Assembly 
Department 

Injection Molding Machine 

... m·· ~ :·:· '. 
' , •1~ ~ ' -: 

Figure 16 - One-piece flow manufacturing layout at Tennessee Tool Factory 

Step 7: Measure Balance Efficiency <EJJ for the New Workcell. 

Injection 
Molding 

Department 

It is almost impossible to obtain a perfect line balance. Measures must be defined to indicate how good a given line 
balancing solution is. One of poplar line balance measures is balance efficiency, which is the work content time 
divided by the total available service time on the line: 

Balance Efficiency (Eb)= Total content time (Twc) / Number of workstations (w) x Cycle time (Tc) 

Example: Original system Eb= 112.5 / (37.2x 4) = 0.756 ~ 75.6 % 

One-piece flow line Eb= 102.6 / (37.2x 3) = 0.919 ~ 91.9 % 

Balance efficiency increases 16.3 %. 
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a e - ma or 10n asst T bl 4 F' 1 W kstaf ent - after KAIZEN activities and quality improvements 

Station Work Elements Te (Sec.) 
Station Time (Sec.) 

Tsi 
1 1. Overmold level bases 37.2 37.2 

2. Build level assembly 21.0 
2 4. Magnet level assembly 9.0 36.0 

3. Weld level assembly 6.0 
5. Check level accuracy 8.4 

3 
6. Sleeve level 13.8 
7. Innerpack (24 piece), place sticker and stamp date 6.0 

29.4 

8. Outerpack, tape, place sticker and stamp date 1.2 
Total Twc = 102.6 seconds 

DISCUSSIONS 
Although we could not reduce the cycle time (Tc=37.2), we did reduce the total work content (Twc=102.6). The 
total work content went from 112.5 seconds to 102.6 seconds. This will allow the line to flow better. In addition, the 
cost of the grinding operation ($874 per month) will be eliminated. This yields an annual ~avings of$874 x 12 = 
$10,488. All improvements can be done by plant personnel. However, the purchase of the plastic totes will be a-0ne 
time cost of $4 x 50 totes = $ 200. The simplification of assembly process should also lead to quality improvements 
in the long term. Another added benefit is that it will be easier to train new employees in the correct work 
environment. 

CONCLUSIONS 
This study pre~ented a complete step-by-step methodology of implement one-piece flow production lines at 
Tennessee Tool Factory. One-piece flow is also a lean tool to achieve true just-in:.time and quick response· 
manufacturing. With high-volume, low-variety manufacturing environments, TTL management made a right 
decision to adopt one-piece flow production line and improve workstat~on operations. As a result, implementing on
piece flow manufacturing really provides many benefits such as work-in-process inventory reduction, productivity 
increase, floor space saving, and quick customer response to the factory. Obviously, this study is one of successful 
cases that help the factory achieve lean manufacturing. The step-by-step methodology presented in this paper may 
help management to introduce one-piece flow production lines to their products. 
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Six Sigma is a powerful fact-based problem solving technique. The methodologies of Six Sigma have been applied 
successfully at many orga.niz.ations to improve processes and resulted in quantifiable results in terms of bottom line 
savings. Developments in Six Sigma methodologies have resulted in coining a Design for Six Sigma methodology 
that brings Six Sigma principles to product and process design. 

In today's changing world, product cycles are getting smaller; because of customer rapid changing demands and 
needs for more advanced technologies. In order to meet these demands, companies need to reduce their design and 
production cycle times to remain competitive'. Thus, product developers and process designers need to shorten their 
design cycle time while keeping in mind production system implications. Lean is a methodology that could aid 
companies in reducing cycle times, through the elimination of waste, while delivering value to all stakeholders
internal and external customers. Using lean principles can help companies deliver customers what they want in a 
timely manner while m.mimizing waste and being flexible and open to change. 

This paper· draws insights from the Design for Six Sigma methodology (DMADV- Define, Measure, Analyze, 
Desi~ and Validate) and lean principles to develop guidelines for a Design for Lean methodology. The goal of the 
Design for Lean methodology is to ensure elimination of waste in both the production process and in the design of 
the products themselves. 

INTRODUCTION 
In today's rapidly changing markets, companies need to deliver their products and services to customers in 
increasingly faster times, and these products and services need to meet and exceed customer expectations. · 
Previously, applying Six Sigma methodologies allowed companies to focus on their customers and .deliver products 
and services with. exceptionally higher quality and thus allowing enabling bottom-line benefits in terms of dollars 
and cost savings. Building on the successes of Six Sigma, companies utilized additional tools to build the Six Sigma 
quality into the design of their products and processes (Design for Six Sigma). 

Lean manufacturing was pioneered by Toyota (known as Toyota Production System). The focus oflean is speeding 
processes and eliminating waste. The main focus of lean is on flow, and it applies various simple tools to ensure the 
timely making of products ( or delivery of services) in response to customer demand. Due to the increasing demands 
of highly competitive markets, companies started applying a hybrid approach that builds on the success of both Lean 
and Six Sigma and Lean Six Sigma was formed. In this paper, a further evolution is illustrated that brings the 
philosophies of Design for Six Sigma into Lean, and discusses a roadmap for applying Design for Lean. 

EMERGENCE AND EVOLUTION OF SIX SIGMA 
Six Sigma is both a quality management philosophy and a problem solving methodology that is project and team
based. The focus of Six Sigma is delivering bottom line impact, i.e. cost savings.by project per year. Many 
companies and industries have realized the improvement in quality and reduction in cost by embracing Six Sigma 
within their organizations. The Six Sigma approach was pioneered at Motorola and then witnessed its glorious 
application in General Electric (GE) and IBM (Breyfogle, 1999). It has applications in both service· and 
manufacturing. The principles, concepts, and tools of Six Sigma provide a measurable goal, a framework for 
problem solving, and the foundations of a corporate culture designed to reduce costs by responding to the voice-of
the-customer, and "doing it right the first time." Six Sigma methodologies are flexible and can be used to address 
the various facets of the business. It can be applied to financial, planning, service, and execution functions of the 
organization. The principle of Six Sigma is simple; control the variation in the process so that there are only 3 .4 
defects per million opportunities. 

Six Sigma utilizes a scientific problem solving approach to address real world problems. Typically, a Six Sigma 
project is executed in five consecutive phases; Define, Measure, Analyze, Improve, and Control (Breyfogle, 1999; 
Rath & Strong, 2002), or DMAIC for short. The Define phase starts by creating a charter that clearly states project 
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goals, scope and b~undaries, project team, business case, and stakeholders affected by the project. It aims to set the 
rhythm for the project ~d can be thought of as a contract between the process owner and the project team. Several 
tools can be employed m the d~fine phase, these include; SIPOC (Suppliers, Inputs, Process, Outputs, and 
Customers), and the VOC (Vmce of the Customer), Kano model, and critical to quality driver tree. The Defirie 
phase results include a charter, an overview of the process, and critical to quality information. 

The second phase of a Six Sigma project is Measure. It aims to pinpoint where the problem lies in a clear and 
precise way. The tools commonly used in the Measure phase include data collection plan, control charts, gage R&R 
(Repeatability and Reproducibility), Pareto charts, and FMEA (Failure Modes and Effects Analysis). The Measure 
phase ·establishes a baseline for the process performance in terms of calculating a process sigma or Defects per Unit 
(DPU). It results in collecting the data that feeds the analyze phase of the project. 

The Six Sigma process proceeds by the Analyze phase, which aims to identify the root cause(s) of the problem 
under consideration. The tools commonly used in the analyze phase include root cause analysis and statistical tools . 
such as regression analysis, hypothesis testing, scatter plots, control charts, and Pareto charts, among many others. 
The 5-why technique can be used to identify the root cause of the problem. The results of the analysis phase are the 
·root causes of a particular problem, with a set of potential solutions. 

The fourth phase of a Six Sigma project starts upon identifying the root causes of a particular problem. The Improve 
phase deals with developing, implementing, and verifying solutions. The tools commonly· used in this phase include 
brainstorming, creative problem solving techniques such as Delphi method, and planning tools. To assess the degree 
of improvement, a-new process sigma or DPU value is calculated for the improved process. The result of this phase 
is an implemented solution for the problem. 

The last phase of Six Sigma application is the Control phase. It deals with making sure that the improvement stays 
in place, and that the gains achieved by applying Six Sigma are sustained. The tools used in the control phase 
include control charts, flow diagrams, and tools to compare before and after like run charts and frequency plots. 

'Many companies add a fixed period realization phase, where the improved process is monitored to ensure that the 
gains are sustained. 

Design for Six Sigma 
Building on the success of Six Sigma, it is now being extended to the design world using Design for Six Sigma 
(DFSS) approaches (Phadnis, 2001). DFSS deals with designing new products or processes. Similar to Six Sigma, 
DFSS emphasizes the voice of the customer throughout the product and process design life cycle. 

An approach similar to that of Six Sigma is used to execute DFSS projects. This approach consists of five 
consecutive phases; Define, Measure Analyze, Design, and Validate (Yang, 2003). The difference between DMAIC 
and DFSS is that in DMAIC, the objective is to improv~ an existing process, while in DFSS; it is either designing a 
new process/product, or the current process is completely broken that the decision is made to completely re-design 
the process (Chowdhury, 2003). DFSS evolved from Six Si~a various applications where organizations noticed 
that processes couldn't be improved to the desired 6 sigma level (3 .4 defects per million opportunities), and that 
improvements stopped at most 4.5 sigma, to overcome this wall a new way of thinking was needed, and DFSS was 
formed (Yang, 2003). 

The Define phase of a DFSS project is similar to DMAIC. I~ is important to thoroughly capture the voice of the 
customer (VOC) and identify critical to quality characteristics. In the Measure phase, the critical quality 
characteristics are used to generate potential design concepts for the new process/product. After that in the Analyze 
phase, the various concepts are compared, and the concept that best addresses the VOC and the critical to quality 
characteristics is selected. In the Design phase, the winning concept is implemented. The final phase of a DFSS 
project is Validate, and several techniques are used to ensure that developed ( or prototyped) concept adheres to the 
VOC and critical to quality characteristics. Several tools are used through DFSS project phases, and they will be 
discussed in the Design of Lean roadmap. 

LEAN BACKGROUND 
Lean manufacturing philosophy started with the Toyota Production System (Ohno, 1988) and was coined by James 
Womack in his book "The Machine that Changed the World", a study of the post-WWII auto industry. Lean 
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production was coined to describe the Toyota approach to manufacturing, which was contrasted to the mass 
production approach of western manufacturers. In general, lean means getting the right things, to the right place, at 
the right time, in the right quantity while minimizing waste and being flexible and open to change (Womack, 2005). 
The overriding goal of a lean philosophy is to deliver value to all stakeholders- internal .and external customers; and 
to eliminate waste- all activities that do not add value from the customer perspective. Lean literature identifies seven 
deadly wastes that must be eliminated to improve overall customer value. Those wastes are: I. Overproduction
producing more or in advance of what is requested by the customer; 2. Transportation- moving product further than 
actual need; 3. Waiting- products are idle waiting for the next step, people or material; 4. Motion- excessive 
movement or walking more than minimally required; 5. Overprocessing- excessive work done to the product, th~t is 
not add value; 6. Defects- resources used to identify and fix defects; and 7. Excess of Inventory- keeping excess of 
raw material inventory, inventory between processes or finish product inventory. Quality is improved, and 
productioa time and costs are reduced, by eliminating waste. Lean production has several tools at its disposal to 
solve the problem of wastes. These tools include constant process analysis·(Kaizen), ''pull" production (based on 
kanban systems), value stream mapping, just in time (nT); and mistake-proofing tools (poka-yoke ). 

Lean methodology is based on five fundamental principles; I) identify what the customer values, 2) identify the 
value stream and challenge all steps to eliminate waste, 3) produce the product when the customer wants it and, once 
started, keep the product flowing continuously through the value stream, 4) introduce pull between all steps where 
continuous flow is impossible, and 5) manage toward perfection (Womack and Jones, 1996). Lean principles strive 
to reduce waste while improving systems through employee empowerment and change of company's culture. Thus, 
Lean involves more than just cutting costs in the factory. Lean can also improve processes beyond the factory. 
Since most cost are assigned during tlie design phase ofthe·product realization cycle, companies must look beyond 
the factory to find opportunities for improving overall company cost and performance by applying Lean 
methodology to their design phase and back office operations (George, 2003). 

CONVERGENCE OF LEAN AND SIX SIGMA 
The applications of Lean and Six Sigma methodologies to the manufacturing operations are well known and have 
proven to reduce costs, and improve quality and time by focusing on process performance. Although, Six Sigma is 
related to defects and quality, while Lean is linked to speed, efficiency and waste; both methodologies seek to 
continuously improvement processes. There are some limitations of using either one of them alone. For instance, 
Six Sigma methodologies will aid in the elimination of defects but it does not optimize process flow and Lean 
principles exclude the use of more advanced statistical tools often used to achieve process capabilities. Each 
.approach can result in remarkable improvement, but bringing both methodologies together delivers faster results by 
establishing baseline performance levels and focusing the use of statistical tools where they could have the greatest 
impact. Both methodologies complement each other, Lean techniques helps to eliminate most of the noise from a 
process, Six Sigma offers a structured and sequential problem solving procedure and statistical tools to find the root 
.cause_ of the problems. 

In efforts to relate both approach, Six Sigma and Lean, Table I displays the theory; application guidelines and focus 
of both improvement programs. There are some commonalities of both improvement models. Each improvement 
methodology appears to be driving toward common tools and concepts. However, each approach begins the journey 
towards improvement form different perspectives (Nave, 2002). 

Lean Six-Sigma Evolution 
In the first part of the 20th century Henry Ford introduced the Ford Production System, which provided the basis for 

the Toyota Production system. The Toyota Production System emphasized employee learning and empowerment 
for the first time. In the 80's, Just-in-Time principles arose, focusing on pulling supplies and components through a 
system, to make the material available where and when needed- at the right place and time. As the Toyota 
Production System and llT evolved into Lean, the philosophies of Total Quality Management (TQM) and statistical 
theories evolved into Six Sigma. Through the years, quality management philosophies evolved in both fields; quality 
and productivity. The evolution of these quality management philosophies resulted in two strong and successful 
methodologies, Six Sigma and Lean. The most natural extension of these methodologies is Lean Six Sigma (Figure 
I). Currently, practitioners have integrated Lean and Six Sigma to focus on eliminating waste and reducing · 
variability at the same time. 
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Table 1- Improvement Programs (Nave, 2002) 

Lean 

Remove waste 

• Identify value 

• Identify value stream 

• Flow 

• Pull 

• Perfection 

Flow focused 

• Waste removal will improve 
business performance 

• Many small improvements are 
better than systems analysis 

Reduced time and improved flow 

• 
• 
• 
• 

• 

• 

Less waste 
Fast throughput 
Less inventory 
Flow- performance measure for 
mangers 
Improved quality 

Statistical or system analysis 
not valued 

Quality: 

Statistical 
Quality 
Control 

Ford 
Production 

System 

Business 
Pro~ss 

Reengineering 

Total 
Quality 

Management 

Toyota 
Production 

System 

nT 

Six Sigma 

Reduce variation 

• Define 

• Measure 

• Analyze 

• Improve 

• Control 

Problem focused 

• A problem exist 

• Figure& and numbers are valued 

• System output improves if 
variation in all processes is 
reduced 

Uniform process output 

• Less variation 

• Uniform output 

• Fluctuation- performance 
measures for managers 

• New accounting system 

• Improved quality 

• System interaction not 
considered. 

• Processes improved 
independently 

Lean 

Figure 1- Evolution of Quality Management (modified .from Furterer, 2004) 

DESIGN FOR LEAN 
Design for Lean builds on DFSS and provides a systematic process for designing new processes with the objective 
of having short cycle times. Figure 2 provides a conceptual framework for application choice of various 
improvement strategies. Ifthe process exists and the objective is to improve the cycle time apply lean; otherwise 
use typical DMAIC. On the other hand, if the process doesn't exist (i.e., either a new process or a complete re
design) and the objective is to improve cycle time apply Design for Lean, otherwise use DFSS. 
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Figure 2. Continuous Imprqvement Selection of Tools 

Design for Lean follows an approach similar to DFSS, and uses the same stages; Define, Measure, Analyze, Design, 
and Validate. Nevertheless, differences e~ist in the tool set employed by Design for Lean which contains tools that 
are withdrawn from the lean toolkit, and several cycle time related tools. 

Design for Lean- Define Phase 
The Define phase of a Design for Lean project starts by creating a project charter that defines the scope of the 
required development. Design for Le~' projects are tailored for designing new processes with the ·objective of 
having short cycle time. · In the Define phase additional voice-of-the-customer items are collected and the various, 
critical-to-quality characteristics are captured. In the Define phase, the Design for Lean team may opt to use failure 
modes and effects analysis to conduct a global risk analysis of the contingencies associated with the development 
effort. 

Design for Lean- Measure Phase 
The Measure phase of a Design for Lean project deals with compiling the data required for the Analyze phase. I_t 
results in a list of possible alternative configurations for the new process concept. Some of the tools that can be 
applied to this phase include Value Stream Mapping (Rother & Moody, 2001) for the desired process and detailing 
possible wastes in the to-be-designed process. During the measure phase Value Added Analysis can be employed to 
explore the activities from a customer perspective. A commonly used tool in DFSS that extends well to Design for 
Lean is Quality Function Deployment, which can be used to map the various customer requirements specified in 
critical to quality characteristics into a set of process steps that are value added. Other creativity and idea generation 
tools can also be used to generate possible-process configurations. The outcome of the Design for Lean Measure 
phase is a set of alternative new process concepts that meet the cycle time requirements. 

Design for Lean- Analyze Phase 
The Analyze phase of a Design.for Lean project examines the preliminary·list of process concepts produced in the 
Measure phase. The purpose of the Analyze phase is to employ various decision making tools to select the process 
concept that best meets the cycle time among the other critical to quality to requirements. Several tools can be 
applied in this phase; Pugh matrix and Decision Selection matrix are some examples. The project team also 
conducts a thorough risk analysis for the selected process design using tools such as failure modes and effects and 
analysis. The outcome of the Analyze phase is a selected process concept. · 

Design for Lean- Design Phase 
During the Design phase of a Design for Lean project, the selected process concept is prototyped. All the 
implementation details such as materials, resources and costs are figured out. Tools from reliability engineering 
such as Weibull analysis can be applied to cycle time, where exceeding the desired the cycle time can be looked at 
as a failure. The failure modes and effects analysis is updated to ensure that all implementation risks are 
documented with appropriate contingency plans. The outcome of the Design phase is an implemented process 
design and a plan for validation. 
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Design for Lean- Validate Phase 
The Validate phase of a Design for Lean project aims to ensure that the selected process meets the cycle time and 
critical to quali~ ~equirements. If an operational prototype resulted from the Design phase, data are collected. and 
analyzed. Prellllllilary performance assessment is used to calculate various lean metrics such as Takt time. If no 
prototype is built, Monte Carlo and/or process simulation can be used to obtain estimates for process performance. 
The results of the simulation are estimated for performance measures. The outcomes of this phase are a validated 
lean process concept and detailed plans for implementation. 

DESIGN FOR LEAN: APPLICATION 
An Engineering company which builds custom-to-order products was faced with a process challenge. Due to the 
complex nature of the company's product, several change requests were common; nevertheless, the handling of 
these requests was an inte~al cumbersome process that spanned several departments including marketing, 
engineering and sales. A continuous improvement project was launched and a multi-disciplinary team was charted to 
design a new process for handling customer change requests. 

The Define phase of the project included conducting a through VOC analysis with marketing, engineering and sales. 
Then, critical to quality characteristics were defined. The timely handling of change requests was sought the most 
important characteristics, and hence the project was focused on designing a lean process that results in a short cycle 
time for customer change requests. In the Define phase: VOC, SIPOC and critical to qualify driver tree were 
developed. During the Measure phases, a detailed process map were drawn for the current process of handling 
change requests, and historical cycle time data were compiled for each process step. During the Analyze phase, it 
was deemed that a new process is needed to handle change requests, and various new concepts were brainstormed. 
The results of the Analyze phase indicated that a new process that combines an IT automated solution with cross
functional training will be the best way to handle customer change requests. In the Design phase, the improved new 
IT-based process was implemented. Due to a market shift, there was a recess in new orders and hence no change 
requests and the new process results were not validated. Hence in the Validate phase, the project team decided to 
use Monte Carlo simulation to ensure that the new process resulted in the desired cycle time targets. 
. . 

The validation for the reduction in cycle time ( comparing the new process to the originally broken process) required 
1) Building a model for the origina1 process using distributions based on historical data, 2) Validating model output 
against actual process cycle time to ensure that the modeling approach is adequate, 3) Building a model for the new 
process using distributions based on expert input, and 4) comparing new process model results to the model results 
of the historical process. The results of the simulation showed a 60 percent reduction in cycle time~ and 1/3 of the 
variation. As an additional validation, the new process was monitored and when change request data became 
available, all values fall within the distributions set by the experts. In this example, a new process was designed that 
meets specified cycle time targets, and hence the team managed to design a lean process. 

SUMMARY AND CONCLUSIONS 
There have been several evolutions in continuous improvement methodologies. In this paper, the emergence and 
application of Design for Lean problem solving approach is ilJustrated. Previously, organizations used Six Sigma to 
reduce variation and Lean to eliminate waste. The success of Six Sigma lead to developing Design for Six Sigma 
that brings higher quality and improved customer focus to product and process design. · 

The selection of process improvement strategy starts with whether the process exists or not. If the process exists, 
Six Sigma is used if the objective to variation reduction and.defect prevention, while lean is used if the focus is 
cycle time and waste. If a new process needs to be designed, DFSS is used for variation reduction and defect 
prevention, while Design for Lean can be used to design processes with short cycle times. 

A Design for Lean project utilizes a DMADV- Define, Measure, Analyze, Design, and Validate. During the Define 
phase clear project objective are charted. In the Measure phase, alternative designs are established. A winning 
process design is selected in the Analyze phase. The Design phase implements the winning process design. Finally, 
in the Validate phase, performance data or simulations are used to assess the new process. A key aspect of Design 
of Lean (like any design process) is carrying out risk analysis and ensuring that appropriate contingency plans are in 
place. · 
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IMPROVEMENT OF INVENTORY TRACKING SYSTEM WITH VALUE STREAM 

Emeka Idoye, Eui H. Park, Policarpo deMattos 
North Carolina A&T State University 

ABSTRACT 
This paper presents a value stream case study of a textile company, which introduces their method for improving the 
management of the flow of products and services through a series of activities, which provide values to the 
customer. 

INTRODUCTION 
Management of inventory is an important aspect of any business with a large warehouse of goods. Many companies 
have millions of dollars in their inventory and when they don't have a way to manage it they can lose lots of dollars; 
Company Xis a large textile mill in the country, and at their spin weaves plant located in North Carolina, they have 
a problem with tracking yarn that comes in the warehouse. They get yarn from internal sources and the outside 

· vendors and there is no standard way for verifying their inventory. 

Company X makes a variety of fabrics and yarn for many companies and businesses aroW)d the world. At the spin 
weave plant in North Carolina, it employs about 230 associates and have about 950 knit machines, producing 
headliners for cars, Lycra material, and fabric for uniforms. The plant also has substantial dollar contracts with 
General Motors, Hyundai, and Under-Armor to produce fabric. Company X's spin plant is experiencing time based 
losses in receiving, ordering, and delivering raw materials. With these losses the plant is not able to track quality 
and inventory accuracy. In 2006, the warehouse associates check off cases of yarn by hand, the allocator waits for a 
logbook to be filled before an order of yarn is made, and communication from warehouse to the production floor is 
poor. There is too much uncertainty and non-value added time in thi_s process because the warehouse associate is not 
sure of what yam is in inventory. It can also take a whole workday for yarn to get up to the production floor and 
sent to a machine for creeling. · 

The objective of this study is to find a methodology for improving the company's inventory tracking system while 
reducing material flow costs. The methodology, which is to be implemented, is based on Value Stream Mapping. 
This tool has often helped businesses and companies improve their processes when properly implemented. This 
study discusses how to develop a standard system to track inventory at a textile plant applying Value Stream 
Mapping to reduce Company X loss of time and money. This project also discusses what Value Stream Mapping is, 
and how other companies and industries have used the tool for improvements. 

One of the main problems textile Company X's spin weave plant is facing is the tracking of its inventory as it moves 
through the plant. The process is slow, manual, and tedious which causes waste and losses of dollars annually. The 
plant has to improve the way it tracks inventory by ge~g smaller orders, keeping inventory low, finding a better 
way to track raw materials, and eliminating non-value added time in the movement of yam. The plant currently has 
a system to track inventory; but, it does not work very efficiently. At the Company X spin we·av~ plant, they 
currently receive and check Bills of Lading and issue yam to work in process. The challenge the plant is having is 
there is no effective method to track the flow of inventory. As the plant does not have a clear way to track 
inventory, they are creating waste and losing money. By not having a clear way to track inventory, they have 
uncertainty in shipment of yarn to the production floor, machine downtime, unnecessary inventory, and non-value 
added time in the inventory process. 

VALUE STREAM MAPPING 
The objective of Lean Manufacturing is reduction of cost by eliminating non-value added activities. This 
philosophy helps businesses shrink lead times, save on turnover expenses, increase sales, reduce set-up times, avoid 
unnecessary equipment expenses, increase inventory turns, and increase profits. There are many tools in lean 
manufacturing and one of them is Value Stream Mapping. This study proposes to map how Company X tracks their 
inventory, using Value Stream Mapping. VSM is "used to create a material and information flow map of a product 
or processes". [2] Value Stream Mapping is a four-step process, which identifies waste and shows how to streamline 

the manufacturing process. 
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Value Stream Mapping is different from many process improvement tools because it shares the same ideologies as 
lean manufacturing. In order to reach the goals of Value Stream Mapping some steps should be identified. They 
are, creating value for the customer, the flows of information and material, adaptabjlity of processes to continually 
improve value and eliminate waste, and time as an independent variable. The first step of creating value for the 
customer is an important one because the objective is to satisfy the customer. The second step of flow of 
information and material shows the whole layout of the inventory system of the plant. This layout ·is done by 
decisions from managers, warehouse employees, and any other factors, which are important to.the process. The 
third step of adaptability of processes to continually improve value and eliminate waste is also important. Lean 
manufacturing is not about just removing waste; but it also is using the waste removal to improve the current , 
situation. 

Organ~tions have used Value Stream Mapping to improve business by maximizing returns, identifying problem 
areas in a process, reducing non-value added time, and satisfying customers. Value Stream Mapping is mainly a 
communication tool, but is also used as a strategic planning tool, and a change management tool. Value Stream 
Mapping helps businesses understand and streamline work processes using the tools and techniques of Lean 
Manufacturing" [I]. The history of Value Stream Mapping started in the 1980's by Taiichi Ohno, who was the chief 
engineer at Toyota. Ohno started Value Stream Mapping, because he wanted to find a way to use waste removal to 
drive competitive advantage inside organizations. [I] 

When the process is implemented, many improvements can be made and waste removed. The last step of time as an 
ind~pendent variable is also important. The schedule associated with a certain product or process could determine 
its success. Knowing that the opportunity of improving a schedule and focus on time into its analysis is what · 
differentiates the approach of Lean from the other improvement theories, which mainly focus on maximizing the 
performance over cost [3] 

APPROACHES 
Current State 
Shown in Figure I is the current state map, this represents the "as is" condition of the value stream process obs·erved 
today. The current state also shows the processes as they currently exist, and shows how to incorporate tools and 
techniques for improved flow to eliminate waste. In the current state map for Company X, three steps were 
identified for causmg waste and non-value added time in the process. The steps found in the process were, the 
ordering of yarn from a day old inventory sheet, cases being checked off from the bill of lading by hand, and the 

· warehouse associate manually removing tickets from the cases of yarn. A time study was conducted to identify the 
steps in the process. The time study consisted of watching the yarn in the warehouse from 8:30 in the morning till 
4:30 in the afternoon to survey the whole process. The time study was performed for a month to see the different 
loads of yarn shipment into the plant. Also, an average time was taken on all the processes to determine a time for 

· each ·step. The warehouse associates gave feedback about different stages in the process and what could be done 
differently. Many of the warehouse associates stated that they did not like having to count each yarn case that 
comes into the warehouse. Another associate suggested a scanner should be used for scanning the cases into a 
database, with the use of a bar coding system. 
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Figure 1: Current State 
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Future State 
Shown in Figure 3 represents the "ideal" condition, which will be achieved in two to three months. The future state 
map helps with the larger process of developing lean manufacturing strategies. To develop a future state map of the 
proc~ss, a meeting with the plant and production manager took place. Time study res~arch was conducted and 
findings were discussed with the m~agement of the company. It was agreed with the findings and suggestions were 
given on what could be done to improve the situation. It was decided that the implementation of a bar coding 
system would be the appropriate approach to solving the problem of tracking the total inventory. The steps 
suggested to management were first to have a computer in the warehouse and on the production floor, making 
communication between these two departments more efficient. The second step is to have implemented a database 
where information on the cases is scanned into a database system for current information of yarn inventory at the 
plant. In the third step, boxes can be scanned in electronically directly from the bill of lading and the verification 
could be performed electronically and faster. The expected benefits of the future state in the process are raw 
materials are sent into WIP faster, orders are written faster, ·accuracy of the information on the amount of yarn in 
inventory, and faster processing of tickets to accounts payable. 
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Figure 3: Future State 
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Shown in Figure 4 is the savings, which could be made by implementation of the future state map. There are three 
areas where improvements could be made. The improvements are, knitters ordering yarn from a·real-time inventory 
snapshot, implementation of an inventory management system database, and cases checked off from the bill of 
lading electronically. The first improvement is that the knitters can order yarn real-time from a current inventory 
sheet. The expected benefit of this improvement helps with minimizing mistakes and ordering of the correct yarn, 
which will help put the yarn into work-in-process faster. The second improvement is the implementation of the real
time inventory management system database. The benefit of this improvement will help the warehouse associate 
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lcno~ what yarn_is on hand without any uncertainty. The third improvement is cases are checked off from the bill of 
landing electro~ucally. The ben~fit of the thir~ improvement will help improve the accuracy of the yarn in stock by 
cases s~anned ID b~ the bar-codmg wand, wh1~h sends data into the inventory management system database fo.r 
processmg. Also, tickets no longer have to wait for processing. 

Figure 4: Value to the Customers in the Future State · 
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RESULTS 
The decision Company X is facing is whether to spend money on implementing a database system to track inventory 
or continue using its current manual tracking process. The study conducted an analysis of a replacement system for 
the current manual tracking of inventory, which includes the acquisition of a scanner system and the creation of a 
centralized database that will eliminate the errors caused by manual entry. The initial investment for the proposed 
automated system is estimated to be $180,000. The cost includes installation of the database, wiring of the 
warehouse basement for wireless communication, four Intermec b~d electronic bar code scanners, software, two 
computers, (one for the basement and the other for the production floor), and tr~ining of20 employees. 

By installing an automated system, Company X would eliminate and save money in many steps in the inventory 
process. Steps like checking boxes off from the bill of lading, waiting for the yarn order log book to be completed 
before an order is written, the controller clerk manually receiving BL's, and any other unnecessary paper 
transaction, will help Company X reach their goal of improving their inventory process. Savings for Company X 
come from the new proposed steps in the future state map. Associates can order yarn from a real-time inventory 
snapshot, which helps minimize mistakes in ordering and reduces inventory-holding costs. Savings also come from 
the cases being scanned faster, which send data into the database for processing and also the tickets no longer have 
to wait for processing. Calculations were performed showing savings in the warehouse stocking time, space savings 
cost and error and manpower savings. The warehouse stocking process took 816 minutes. With a new proposed 
inventory tracking system, the new inventory process could be reduced to 480 minutes which is a 41 % reduction of 
non-value, added time. These 336 minutes represent 5.6 hours of time savings for the three shifts worked. These 
hours at the rate of$15.88 represent a total of$29,365 of savings annually. Company X can save money and 
reduce inventory in their plant implementing an automated system. This will bring a savings cost, the work in . 
process savings is 1,400 square feet and its space cost per square feet, which equals to $16,800 savings annually. 
Company X can also save money in reducing the amount of errors in moving yarn and manpower needed at the 
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warehouse. With three hours of work time for the three shifts worked in a day, these work hours at a rate of$20.00 
represent a total savings ·of$21,000 annually. The total of the three savings in warehouse stocking time, space 
savings cost, and error and manpower savings cost equal to a total of $67,200 saving~ annually. Based on this cost 
info~ation along with the $180,000 initial investment, this proposed system has a 2.678 payback period and over 
30% ROI if the system is used for the next five years. The implementation of this project has many other benefits, 
namely the faster movement of raw materials to work-in-process, improved ·accuracy in ordering yarn, and faster 
shipment of the finished doffs to the other production plants of Company X. All these benefits help justify 
implementation of this project. 
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WHY WE CAN'T KUMBAYA, GROUP HUG, AND SHARE THE SAME LEAN MANUFACTURING 
STRAW: USING MOTIVATION THEORIES TO CLARIFY AND MINIMIZE THE BARRIERS TO 

POSITIVE SUPPLY-CHAIN RELATIONS 

Spence Tower and Anita Fagerman 
Ferris State University 

Rob Grennier 
FMC Technologies 

INTRODUCTION 
Philip Crosby wrote the b~ok, Quality is Free (1979). The quality-is-free concept is simple to understand: doing 
things right the first time costs zippo; doings things wrong costs bunches (think 41 terms of rework, additional 
testing and inspections, after-sale servicing, recalls, tarnished brand-image, legal costs, etc.). 

Transferring this concept to supplier relations isn't too much of a stretch. Putting forth effort to establish richer, 
·mutually enhancing relations can bring many benefits; taking an everyone-out-for-themselves approach is fraught 
with numerous costs. Table I briefly lists the dangers of a half-hearted approach to quality-whether in the 
production or relationship realms. 

Table 1. Cost of Low Oualitv Manufactured Products and Sunnlv-Chain Relationshius 
Manufacturing Costs Relationship Costs 
Rework Distrust 
Additional testing and inspections Slow acceptance 
After-sale servicing Move from handshakes to detailed contracts 
Lost future contracts Quick, midstream withdrawal 
.Tarnished brand-image Tarnished reputation 
Legal costs Legal costs 
Recalls 

There is a plethora of writings on the value of good supply-chain relations ((Choi and Hartley, 1996; Sabin and 
Robinson, 2002; Johnston McCurcheon, Stuart, and Kerwood, 2004). Trust and commitment are viewed as valued 
factors positively influencing both the efficiency and effectiveness of the partnered relationships (Gounaris, 2005; 
Kumar, Sheer, and Steenkamp, 1995). Does this widespread availability of touchy-feely concepts-and even 
research support highlighting their importance--mean all is right with the supply-chain world? Many may advocate 
the value of tight, trusting, long-term relationships, yet this 'Kumbaya" scenario is missing in many supply-chains. 
Struggles are still occurring. Why? With the increasing awareness that positive relations can.be mutually beneficial, 
what is keeping many supply-chain interactions so distan~ from nirvana? What can be going wrong? 

This paper examines what can go wrong, attempting to shine a spotlight on a variety of barriers t<? positive supply
chain relations. In this examination, prominent motivational theories ( out of the psychological and organizational 
behavior literatures) are used to identify many.obstacles to enriched, profitable relations. After these various theories 
are combined into a larger, coordinated model, specific supply-chain related examples will be used to illustrate both 
the diagnostic and ameliorative value of the model. 
Supply-Chain Relations 

Most businesses want positive, long-term relationships with their suppliers based on mutual commitment, trust, and 
respect. Frequently, however, cost-reduction pressures have led to years of tattered supplier relationships created 
during the 'every-one-out-for-themselves' era of doing business. This era placed primary emphasis on quickly 
identifying cost drivers at the suppliers' locations and demanding suppliers to reduce their piece-price by the 
appropriate amount. If the supplier hesitates, the clearly implied message was often, "If you don't meet our price 
point, we will find someone that will. You will no longer be one of our suppliers. You and your employees will all 
wither into the unemployment landscape." General Motors and Wal-Mart, among others, have saved millions of · 
dollars because of this hard-nosed, one-sided approach; taking a heavy toll, however, on many supplier relationships 
(and bankruptcies) along the way. 
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THE MOVE TOWARD LEAN DEVELOPMENT 
Large corporations conduct business ope~ons with numerous suppliers. Throughout this paper, an unnamed, yet 
well-known company will be use~ to promote greater clarity. This company has employed several thousand 
suppliers globally. Such a number enables it to leverage unit prices· amongst many suppliers of the same or similar 
component. It could be common for ·such an organization to hammer their suppliers to provide greater price 
reductions, demanding three to five percent from year to year. Should the supplier only offer one percent, for 
example, the buyer would commonly seek other suppliers willing to offer lower unit prices. Considering the huge 
volumes purchased annually, this competitive-pricing method can generate great returns for large businesses. The 
approach, however, is at the expense of the margins experienced by the supply base, many of whom encounter , 
financial difficulties and, ultimately, closure. 

Recognizing this cost-squeezing practice creates a lack of trust, a new mentality towards the supply base has 
materialized among many businesses. Many businesses have concluded-at least for the moment-that a focus on 
reduced cost via abusing suppliers is not a healthy approach. Greater emphasis is placed on mutually beneficial 
relationships. To develop this trust, actions need to change. In essence, this "lean" transformation often means 
tighter relations with a smaller number of longer-term, strategic suppliers. 

In these lean initiatives, businesses frequently send engineer-types out to work with their suppliers. One company, 
Delphi Corporation, calls some of these employees lean supplier development engineers. Among their-primary 
purposes is to help s~ppliers reduce operating costs and improve cash flows-not to mention produce high-quality, 
acceptable-cost parts that meet deadlines. 

SUPPLIER DEVELOPMENT AND RESISTANCE 
Supplier Development 
Key objectives of the lean transformation include focusing on a smaller number oflonger-term strategic suppliers 
and improving their cost positions for future business. As an integral part of this enhanced lean commitment, the 
supplier-development process usually consists of on-site activity teaching and implementing such concepts as 

• value stream mapping • continuous flow 
• visual management • level scheduling -
• . standardized work • pull systems 
• w~rkplace organization 

For success, this teach-do approach necessitates involvement at all levels: from a supplier's senior management 
(CEO, President, Sales and Operations Directors) to in-plant financial analysts, plant and materials managers, floor 
supervisors, and operators. The teach-do approach empowers the workforce to influence key lean indicators that 
impact the company's financial statements. These metrics commonly include: 

• inventory turns 
• productivity 
• equipment utilization 
• initial quality 

• 
• 

direct and indirect labor costs 
total product cycle time 

While.the buyer's teach-do assistance is focused on parts it buys from the supplier, the suppliers are able to extend 
the newly learned lean manufacturing concepts to other areas of their plants, further reducing operating.costs. 
Improvements with these lean metrics frequently create savings for the supplier, which are .incorporated into future 
commercial negotiations with the buy~r-a buyer who is quite cognizant of the reduced operating expenses. 

Aside from cost containment and timely delivery, another common goal for the buying organizations to promote 
lean manufacturing is to show a commitment to the supplier relationship. This can be done by building trust, 
developing true expe~ within the supplier, improving the suppliers' manufacturing conditions and improving the 
overall cost structure within the value chain. Ultimately, the supplier development initiative is to ~reate a stronger 
and more viable supply base. 

Though supplier development and longer-term strategic partnerships may be offered, reluctance by various 
managers at the supply base has occurred. Many sources of resistance exist from the perspective of the supplier. It is 
this reluctance that is the focus of the next section. Following this, a theory-based motivation model will be outlined 
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which will ~hen_ ~-us_ed to identify reasons for suppliers' lack of participation in buyer-supported lean
manufacturing 1D1tiatives. 

Supplier Resistance 
~oints ~f~esistance, from the supp~y base's _viewpoint, will now be explored. A wide assortment of these supplier 
issues ts listed below. A number wtll be assigned to each of these issues· this number will be used in later sections to 
clarify the relevant motivational problems. ' 

A si~ficant source of resistance from the suppliers' perspective derives from the past squeeze-them-until-they
scream-and-beyond approach common to supplier relations. This approach creates a cynicism toward future 
initiatives ~d contract-negotiation efforts. Several separate problems emanate from this historical memory. Given 
this history, perspectives µiay include the following: 

1. After all is said and done, we are still going to be clobbered over the head and threatened to beat others' 
prices: We won't make any more money, · 

2. Even ifwe do follow all the rules, we won't end up in the 'loyal, long-term supplier'' category like some 
of our competitors. 

3. With our past rocky relations we are not enthused about closer, longer-term ties with one of our worst 
customers. · 

For some suppliers, past initiatives by buyers have often been eliminated or scaled back midstream. Hindering issues 
include: 

4. 
5. 
6. 

Will all this potentially helpful lean assistance really materialize? 
If not, we don't have the internal resources to do it by ourselves, and 
Even if we did have the resources, we aren't sure quite what to do and how to do it. 

If the supplier is confident the lean resources will be provided, problems can still surface. 
7. We aren't sure we can spare all the personnel and time it will take to learn the new stuff. We still have to 

keep our business running and servicing our other customers during this transition time. 
8. The objectives of the new supplier-development/lean-manufacturing initiatives remain unclear. 
9. We think the lean activities just focus on the low hanging fruit, or easily identifiable waste, and not on a 

new way of thinking that will ultimately be of benefit to the supplier. 

Most suppliers are already working diligently to reduce costs in their highly competitive industries. 
10. As evidence, some suppliers are commencing their own lean activities to achieve the same results that the 

lean supplier development training offers. There could be the belief that ''you won't be teaching us 
anything we can't do ourselves." 

11. One supplier determined that the lean activities can be insulting to the supplier-initiated efforts of the past. 
Any new direction may have the negative ramification of undermining the credibility and improvements 
their managers worked so hard to develop. 

12. Others suppliers indicated they learned similar· metl;iodologies like Six Sigma or Theory of Constraints and 
do not believe they can achieve even more substantial improvements. 

Other potential reasons for resistance include the following. 
13. One supplier even tried justifying their inability to reduce costs due to the fact that their union will be an 

immovable object obstructing any significant changes. 
14. Some suppliers may be unaware of the lean expertise and experts .that are offered to them, feeling 

overwhelmed to take on the transformational challenges with their less-trained in-house personnel. 
15. Many suppliers lack an understanding of how improvements in the key lean indicators generate improved 

cash flow. 

The following section outlines a set of motivation theories that will be used to clarify the previously listed supplier 
barriers. This model will be portrayed without lean issues interwoven. Application of the model to lean initiatives 
will be subsequently described. 
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THE MOTIVATION MODEL DEFINED 
There are many theories of motivation. The diagnostic model depicted below is a composite of multiple theories, 
Most prominent, however, is Expectancy Theory (Mitchell, 1983; Vroom, 1964)~ This model encompasses four 
primary components in succession: · desire, effort, performance and satisfaction. The following examines each of 
these four central components. · 

Desire __ 

Desire, by definition, is to want something. In this model, it is the result of two variables: Valence, which is the 
perceived degree of attractiveness a person places on an outcome, and Instrumentality, which is the level of 
confidence that if one performs at appropriate levels, they will be rewarded. When both elements are perceived as ' 
great, a strong desire to perform results. Visually, this relationship is depicted in exhibit 1: 

Effort 
The next element of the model is expectancy, which, similar-to self-efficacy (Band~ 1997), is the belief that if one 
tries, they will succeed. In other words, confidence may have a great influence on one's willingness to put forth 
effort. Even if you are attracted to the reward (high valance) and are confident that if you perform at a high level you 
will get the reward (high instrumentality), without high expectancy (confidence), you are unlikely to actually put 
forth effort. 

These three elements, valence, instrumentality, and expectancy, combined generate Expectancy Theory. Within this 
theory, there is belief that the stronger the existence of the individual components, the greater a person is motivated. 
When one element is lacking, motivation dissipates. In the end, Expectancy Theory is a significant predictor of 
one's effort. Exhibit 1 highlights the model's factors affecting desire and effort. 

Exhibit 1: Factors Affecting Desire and Effort 
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At this stage, three new elements are considered to assist in predicting the level of performance. These elements are 
goal clarity, ability and opportunity. Goal clarity is the clear definition of the objectives and responsibilities of 
individuals (related to goal theory; Locke & Latham, 1990). Another element, Ability, is the inherent competence 
one possesses that influences performance. Finally, resources encompasses the external characteristics affecting 
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pe~ormance. As examples, these may include the quality or contributions of co-workers, the proper tools and 
equipment to perform a task, and ~v:~ seasonal effects on one's job. Again, the stronger the existence is of these 
new elem~nts, the greater the poss1b1hty of heightened performance. The motivation model is nearing completion 
(see exhtott 2). · 

Valence 

Instru
mentality 

Satisfaction 

~ 
\.. 

Goal 
Clarity 

G 8 

Performing well does not create a direct link to satisfaction, the model's final primary component. In order to 
achieve a level of satisfaction that sustains one's motivation, there must exist some perceived fairness in the reward. 
For example, if one accomplishes the established objective, an inconsistent reward for his or her effort and time can 
discourage any future willingness to contribute. This contributory element is termed Equity Theory (Adams, 1965). 
Exhibit 3 illustrates this new element embedded within ":1e complete motivation model. 

Understanding as well as strengthening each of the model's individual elements can lead one to anticipate some 
level of boosted desire, effort, performance, and/or satisfaction. In order to obtain a high level or'motivation, each of 
desire, effort, performance, and satisfaction, as outlined above, must be perceived positively. Adversely, should any 
one component be perceived negatively, there would exist a deficiency in the overall level of motivation .. Therefore, 
by identifying where in the model an element is frail, one can generate action plans for that element to boost the 
overall level of motivation. To this point, these theories and elements have been discussed at an individual's point of 
view. Since organiz.ations are just collections of individuals, the decisions that organiz.ations follow will still apply 
to the motivation model depicted in this paper. The next section will examine the motivation model as it relates to 
the issues of supplier resistance. 
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Exhibit 3: The Motivation Model . and Supplier Resistance Issues 
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APPLICATION OF THE MODEL 
The sources of resistance identified earlier from the suppliers' perspective can be applied to the larger motivation 
model (see exhibit 3). For quick reference, a list of the sources ofresistance is provided in table 2 .. The respective 
numbers for each resistance have been placed· in exhibit 3. 

Table 2: Brief List of Supplier Resistance 
(I) In the end, prices dictate; No real benefit 
(2) Our competitor will win, not us 
(3) More committed to bad customer? 
(4) Doubt that assist&nce will materialize 
(5) Ifno help, we don't know how to do it 
(6) Even with help, we're not sure what to do 
(7) We can't spare people ·and lost product 
(8) Overall lean objectives remain unclear 

(9) Just focusing on easy-to-get-rid-of waste 
(10) We can do it ourselves; no benefit to team up 
(11) New stuff will insult past managers 
(12) Past efforts: Can't squeeze more out 
(13) Union will not go along 
(14) Don't know of expertise .offered 
( 15) Don't understand metrics 

The next sections will focus on supplier resistance as identified within each of the motivation model's four factors: 
desire, effort, performance, and satisfaction. 

Desire: Valence and Instrumentality 
Valence issues affect a supplier's interest in pursuing a lean relationship with the buyers. For example, thoughts that 
the bottom line will end up with price pressures and demands, just like the old times (#1, from Table 2). Also, it 
might not be much of a reward to be tied long-term to a historically problematic, demanding customer; in fact, many 
suppliers would prefer doing less business with these buyers (#3)! 

There is also the fear that efforts focused with this one customer-and all the resources needed-will come at.the 
expense of production and meeting existing orders (#7). Some suppliers think the lean outcomes will be limited to 
the easily identified waste; there won't be much benefit beyond that (#9). 
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Other suppliers don't see the value of bringing somebody else in, thinking they have in-house talent that can do the 
same thing (#10). A separate concern was the fear of insulting previous managers' efforts by bringing in others to 
"finally make things right" (#11). Another issue included a view that previous cost and waste cutting efforts had 
already worked, there was nothing more to address (#12). 

Regarding instrumentality, the confidence that high performance will actually lead to receipt of the reward, there is_ 
the concern that even if the supplier does all the buyer's lean development activities, the rewards of greater profit, 
longer term contracts will be overcome by the old-school threats of reduce-prices-or-else (#1). Similarly, there is the 
fe3! that, even going along with lean efforts, a competitor will ultimately win the long-term relationship prize (#2) 

Effort: Desire and Expectancy 
In addition to desire, the expenditure of effort requires high expectancy, or confidence that one can achieve a high 
level of performance. Supplier concerns include the fear that offers of assistance will not be forthcoming and in
house expertise does not exist (#5) or that even with assistance, we aren't sure what to do(#"'). Another supplier
voiced a concern that the union won't go along (#13). In a separate area, confusion on what assistance is actually 
being offered (#14) or how the numerous new key lean metrics influence success (#15) can deplete confidence. 

Performance: Effort, Ability, Goal Clarity, and Resources 
Given a high level of desire, other factors influence actual performance. If the supplier does not have the in-house 
expertise or ability (#5), all the effort in the world won't help. Lack of clarity on what to do (#6), the objectives of 
the overall lean initiative (#8), as well as a lack of understanding expertise offered (#14), and the key metrics 
involved (#15) can certainly hinder goal clarity. Finally, adequate levels of resources are an issue with doubts that 
the customer will actually provide the expert resources ( #4 ), the fear that our personnel will be stretched too thin 
(#7), the expectation that the union will oppose-even counter-the lean efforts (#13), and high uncertainty that 
adequate lean expertise is actually offered (#14). 

Satisfaction 
Even if high desire, effort, and perfonnance are attained, suppliers can still doubt that they will be one of the chosen 
few; competitors, also going through the buyer-demanded lean initiatives, will win the prized long-term loyalty (#2) . 

. CONCLUSION 
As can be seen, there are many barriers to suppliers' excitement toward participating in a lean partnership. The wise 
customer will anticipate the barriers clarified in this paper and, with this knowledge, put forth appropriate and 
consistent messages and efforts to overcome the resistance. 

As Toyota is showing, close relationships with suppliers can create a competitive advantage for all the businesses 
within the supply chain. To reach a this heightened level of partnership, Toyota has successfully sought participation 
in the supplier-development initiative. Toyota understands the supplier's perspective, helping it create a desire to 
participate, the effort to expend, actual high performance, and Stlpplier satisfaction with the outcomes. 

Many other manufacturers are benchmarking Toyota's supply-chain success. An understanding of this paper's 
motivation model and the highlighted sources of resistance will assist these manufacturers in achieving success with 
these key business relationships. 
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IMPROVING THE RECRUITING OF lJNIVERSITY STUDENTS THROUGH APPLICATION 
OF SIX SIGMA DMAIC METHODOLOGY AND TOOLS 

Sandra Furterer, Blake Hussion, Stefan McMurray, Parker Rowe, Matt Smith 
East Carolina University · 

ABSTRACT 
The Industrial Distribution and Logistics (IDIS) program is part of the College of Technology and Computer 
Science at East Carolina University. Distribution and Logistics represents professions in the workplace concerned 
with the movement and delivery of goods and services throughout the world. A Quality Assurance course taught in 
the Department of Technology Systems at East Carolina University enables students to learn and apply the Six 
Sigma problem solving methodology and tools to projects within the College of Technology and Computer Science 
(TECS). The objective of the Six Sigma project was to design student recruiting processes that will enhance the 
recruiting efforts for the IDIS program both internally and externally to the university. Concerns had been voiced 
about the recent decline of students entering the IDIS program and the Six Sigma team evaluated the problem and 
implemented solutions that will help to increase the number of students declaring IDIS as a major. The team 
worked closely with the program coordinator, faculty and current IDIS students to collect voiqe of the customer 
information to determine what is appealing about the IDIS program and what is not. By addressing these concerns, 
the goal was to design recruiting processes that can be executed that will help in the growth of the IDIS program. · · 
Examples of the Six Sigma tools will be presented including FMEA, Cause and Effect Analysis, and Lean tools 
applied, such as 5S, and Why-Why analysis. 

INTRODUCTION 
A Quality Assurance course taught in the Department of Technology Systems at East Carolina University enables 
students to learn and apply the Six Sigma problem solving methodology and tools to projects within the College of 
Technology and Computer Science (TECS). In the Fall 2006 semester, undergraduate students participated on · · 
several Six Sigma projects within TECS, to improve processes and develop streamlined processes for several 
departments with the college. The Dean was the overall project champion, and specific project sponsors sponsored 
the projects in the specific process areas. One of the projects was to design a recruiting process for the Industrial 
Distribution and Logistics (IDIS) program. The IDIS program is part of the Technology Systems Department in the· 
College of Technology and Computer Science at East Carolina University. Distribution and Logistics represents 
professions in the workplace concerned with the ·movement and delivery of goods and services throughout the 
world. At ECU, this program provides a unique combination of coursework that prepares students for successful 
careers in a range of challenging areas. Courses cover areas of the distribution and logistics industry including sales 
and branch operations, supply chain management, marketing, purchasing and procurement, warehousing and 
materials handling, inventory management, production planning, and quality control. The goal of the Distribution 
and Logistics program is to provide applied distribution and logistics education as a-basis for career advancement 
and life-long learning. They also use a vast array of technology and simulations as well as hands on training in the 
industry to prepare students for the skills required in the professional setting. The IDIS program at East Carolina 
University offers a course load that provides students with an in-depth investigation into the industry and applies the 
material into real world issues. By allowing students to experience and apply what they hear during lectures into a 
real world setting, they are able to better understand the business and are therefore better prepared to enter the 
workforce. · 

Define Phase 
The objective of this project is to design student recruiting processes that will enhance the recruiting efforts for the 
IDIS program both internally and external to the university. Concerns have been voiced about the recent decline of 
students entering the IDIS program and our group wishes to evaluate the problem and implement a solution that will 
help to raise enrollment in the program. Working closely with the program coordinator, other faculty and current 
IDIS students, we plan to decipher what is appealing about the IDIS program and what is not. By addressing these 
concerns, hopefully a recruiting program can be executed that will help in the growth of the IDIS program._ 

The team performed a stakeholder analysis to determine the project stakeholders, and their concerns related to the 
IDIS recruiting process. The IDIS program coordinator, faculty and students are key stakeholders for the process. 
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The livelihood of the project is dependent on recruiting a high quality of students that are interested in a profession 
in distribution and logistics. Distribution and logistics represents professionals concerned with the movement and 
delivery of goods and services throughout the world. At ECU, this program provides a unique combination.of 
coursework that prepares students for successful careers in a range of challenging areas. Courses cover areas of the 
distribution and logistics industry including sales and branch operations, supply chain management, marketing, 
purchasing and procurement, warehousing and materials handling, inventory management, production planning, ancj 
quality control. The faculty is concerned with adequately preparing the students for a career in distribution and 
logistics, and having enough students to keep the program viable. 

The team defined the ground rules for how they would treat each other and work together on the project. 

• .Be open to all information relative to the project 
• Speak up and be clear about all and any ideas 
• Member participation and questions are essential to the project 
• Respect others team members' ideas and be supportive of those ideas 
• Allow for critique of others' ideas 
• Be open minded 
• Speak up if anyone has a difference of opinion 
• Be able to share and receive member experiences and/or knowledge relating to.the team project 
• Arrive at meetings on time and prepared and have a set schedule 
• Have an agenda prepared and record outcomes of scheduled meetings and progress 
• Retrieve and organize all information from facilitator and group members 
• Try to make all meetings scheduled, and if one team member is absent the others will pick up his/her 

workload 

• Each member will come prepared with ideas and assigned tasks given to them in previous meetings 
• Interact well with members in a professional manner 
• Keep on task with all and any processes involved in the project 

They developed a project work plan and defined roles and responsibilities for their work on the project. 

Measure Phase 
Within the measure phase, the team gathered important data on how the current IDIS recruiting process works and 
whether or not it is successful in informing East Carolina students about the program. The measure phase allowed 
us to collect and analyze important information which gave a better understanding of how current IDIS students 
view the program and which aspects they would like to see changed. Using tools such as SIPOC, Critical to Quality 
characteristics, a data collection plan, voice of the customer (VOC) and voice of the process (VOP), we were able to
better define the aspects of the recruiting process which need further evaluation and imp~ovement. 

The SIPOC provides an overview of the scope of the improvement effort and the processes to be improved. It 
identifies the suppliers and their inputs into a process, the outputs of the process and their customers. (Gitlow and 
Levin, 2005). The suppliers of the recruiting process are the IDIS faculty who supply curriculum, teach courses, 
provide mentoring and recruit students. The_ students supply their brain to learn and join the program. Eastern North 
Carolina as a society provides students, are parents of students, and have a commitment to the university as a whole. 
Students transfer from other universities to ECU and to the IDIS program. Parents are a critical part of the recruiting 
process, encouraging their children to follow industrial distribution and logistics as a program of study. The 
recruiting process included marketing, surveying the customer groups to understand what they need in students that 
come out of the IDIS program, benchmarking of other universities and how they recruit students, and advising and 
mentoring students through the IDIS program. The outputs of the recruiting process are marketing improvements to 
better recruit students, higher numbers of students in the program, information to share with high schools regarding 
career paths and information on the IDIS program, and an overall larger department due to successful recruiting 
efforts. The customers of the IDIS program are future students and potentially new faculty due to the growth in the 
program. Table I shows the SIPOC. 
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Table 1 SIPOC 
Suppliers Inputs Process Outputs Customer 

ID IS faculty Curriculum, Marketing Marketing Future student 
Students teaching of courses Surveys improvement New faculty 
East Carolina Student motivation, Benchmarking More students 
Other universities skills and brain Organizing High school 
Parents Commitment to Advising recruiting -· 

ECU Mentoring information 
Recruiting Bigger department 

The Critical to Quality Characteristics (CTQs) information was collected through interviews with the IDIS program 
coordinator, and our project sponsor who is an IDIS faculty member. The following characteristics were identified 
as being elements that would significantly affect the output of the process as perceived by the customer. Each of 
these characteristics is associated with one or more key metrics that can quantify the characteristics by measuring 
them through the data collected in the voice of the customer surveys. By defining these aspects, we are able to 
better understand current processes used in the recruiting process and whether or not they are successful in 
promoting the IDIS program. The GTQs are: awareness of the IDIS program through current students, the 
awareness of the IDIS program from undergraduate students at ECU, program benefits and marketing techniques, 
enrollment. 

A data collection plan was developed that identified the voice of the customer and voice of the pro~ess data to be 
collected, how the data would be collected and analyzed, as well as the sampling instructions to avoid sampling bias. 
The data collection plan is mapped to the CTQs and metrics and is shown in table 2. 

The Voice of the Customer (VOC) is a term used to identify the requirements and needs of the customer with 
respect to the process being improved (Summers, 2007). The VOC issues are: not enough students are familiar with 
the IDIS program, current matketing methods are not successful in promoting the program; declining number of
students in IDIS; not enough students attending the PAID (Professional Association of Industrial Distribution) 
meetings; if enrollment does not increase, we would lose some of the contacts for job placement that we have 
worked so hard to build over the years. Two surveys were developed to understand the awareness levels of the IDIS 
program for. existing IDIS students and non-IDIS students. The existing IDIS student survey also included questions 
regarding what.attracted them to IDIS and what they viewed as the most marketable program benefits. The current 
IDIS student survey consisted of eight question~ and a sample of 105 surveys were collected out of the total of 160 
IDIS students (66% response rate). The student team spent a great deal of time and effort distributing the survey to 
the IDIS classes during the Fall 2006 semester. The non-IDIS student survey gathered data from potential students. 
This helped gather insight as to what information the students use to make a decision on which major to choose, and 
whether they had heard of the IDIS program. Fifty surveys were collected from students that take a class for non
declared majors. 

The majority of the students. in the IDIS program have been in the program about three years (38% of the students). 
The number of students having been in the program only one year being at 22%, shows that recent recruiting efforts 
have not been successful in bringing in a large number of students. The two best ways that students become 
f~liar with the IDIS program are through friends/peers (28%) and faculty (21 %). The other category {17%) 
consisted of many different responses, including the ECU website, and family and freshmen orientation. The 
highest rated reasons for students declaring IDIS as their major was job placement (26%), faculty (20%) and 
interesting subject matter (19% ). There are a wide variety of areas that you can focus on in the iDIS program and 
after graduation. The highest rated areas were technical sales (21 % ), transportation logistics ( 19% ), and warehouse 
management (18%). Twenty-nine of the IDIS students surveyed transferred from other majors into IDIS. The 
majority transferred from Business (45%). The IDIS student survey data is shown in table 3. 
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Table 2· Data Collection Plan 
CTQ Metric Data collection Analysis Sampling Sampling 

mechanism mechanism plan ins-tructions 
Awareness Current students views Student input of Survey Survey List of 
ofProgram and thoughts of IDIS current program and responses questions 
through program its processes Data analysis asked 
Current Determined using through charts 
students questions 2, 3, 7 and 8 on and graphs 

current IDIS student 
survey 

Awareness of Undergraduate students Meetings, lectures Survey Survey Questions 
Program from and their familiarity with and presentations to asked 
undergradua~e the IDIS program students who are 
students at Determined using undecided or are 
ECU questions 2, 3, 4 in survey thinking of changing 

for undergraduate majors 
students 

Program Current marketing Benchmarking and Survey Survey Which 
Benefits, procedures and how survey marketing 
Marketing program advertises itself Student responses technique is 
techniques Determined using survey and past successes most 

questions 3 and 4 data successful in 
promoting 
program 

Enrollment Number of students Numbers in program Summary of% Students Marketing/ 
increases program of increase Increase 
funding among student awareness 

population 

Table 3: IDIS Student Surve Results 
I. How long have you been affiliated with the IDIS program at ECU? 

I ear: 18%; 2 ears: 28%; 3 ears: 32%; 4 ears: 22% 
2. How did you become familiar with the IDIS program? 

Friends/peers: 28%; Faculty: 21%; On campus seminars: 12%; University literature: 12%; Students 
Or aniz.ations: I 0%; Other: 17% 

3. What made you declare as an IDIS student? 
Job placement (26%); Faculty (20%); Interesting subject matter (19%); (fiends/peers (12%); parents (12%), other 
10% (includin the IDIS ro coordinator at the time) 

4. What area within the IDIS field do you want to be involved with after graduation? 
Technical sales (21%); transportation logistics (19%), warehouse management (18%); other (17%); 
manufacturin (13%), urchasin (11%) 

5. Programs that students switched from into IDIS: 
Business ( 45% ); Construction man ement (21 % ); Communications ( 17% ); Political Science ( I 0% ); Desi (7%) 

The non-ID IS student survey results were also enlightening. Forty-eight percent of students surveyed were 
freshman, 36% were sophomores, 10% were juniors and 6% seniors. Most of the students surveyed were business 
majors (42%) and 22% were undecided. Seventy-two (72%) of the students are not familiar with the IDIS program. 
This is a large number of potential students that could be interested in IDIS if they were aware of the program. The 
results are shown in table 4. 
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Ta e on- u en bl 4 N IDIS St d t S urvey R Its esu 
1. What is your current class? 

Freshmen (48%), Sophomore (36%), Junior (10%), and Senior (6%) 
2. What is your current major, if any? 

Business (42%), Undecided (22%), Other (20%), and Construction Management (16%) 
3. Are you familiar with the IDIS program at ECU? 

Not familiar (72%); Yes familiar (28%) ... 

Voice of the Process data was collected to understand the current process. There is currently no formal process for 
recruiting new students into the IDIS major. The faculty has used brochures, seminars, and the ECU website to 
attempt to recruit students. Their targeted students appear to come from undecided or' other majors from within 
ECU, not from high schools, the region or other universities. Therefore, the focus will be on creating recruiting 
strategies to target students from undecided or other majors, especially as they are coming in as freshmen. The 
team developed a proposed future process to use for recruiting students to incorporate potential improvements. 

Analyze Phase . 
Cause and Effect analysis was performed to understand the root causes of low enrollment in the IDIS program. The 
data we gathered during the measure phase and from our surveys led us to conclude that increasing enrollment is the 
main objective for ~e IDIS program, related to recruiting. Further analysis of our surveys and the finding that most 
students are not aware of the IDIS program, we did a Why-Why analysis to find the probable root causes of the 
declining enrollment. The Why-Why analysis is a simple technique where we ask why at least five times, to try to 
uncover the root cause of a problem. The Why-Why diagram, shown in Figure 1, shows a tree structure that 
represents the causes. The potential root cause of low enrollment is that not enough time or effort has been applied 
to create an effective recruiting plan. 

Figure I Why-Why-Diagram 

Students not aware of 
the IDIS Program 

WIiy? 

Bad marketing for the 
major 
~? '~ 

Enrollnient for Fall 
and Spring Semesters 
is Declining. .!tl!£l 

Presentations to COAD 
classes were not 

successful 

Presentations not geared 
toward the student"s 

. interest . Whv1 

Students are lazy and 
did not pay attention . 

Not enough emphasis on 
recruitment for ID1S 

, Not sufficient data · 
collected form our 

surveys 

. N:ot.enoJ,Igh: time or 
effort to create·a:· 

.. , _· ~itiJJg plan, 

Brochures, mailed letters 
not getting responses:. 
Why? 

Students did not want to 
take the time to respond 

Our Cause and Effect Matrix represents two aspects that relate to the efficiency of our recruitment process, the 
Critical to Quality's characteristics {CTQ) and the factors (root causes) that could potentially affect our process' 
CTQ's. The IDIS recruitment team's CTQ's are as follows: Awareness of the IDIS program through current 
students, awareness from undergraduate ECU students, program benefits and marketing techniques, and emollment. 
Possible factors that could affect our CTQ's are: current views from student population {X1) , input from students 
regarding the best way to promote or market the IDIS program {X2), surveys that help gather student involvement 
{X3), and reaction from students regarding the IDIS recruitment process (~). We used a scale from I to IO to rate 

426 



Proceedings of the 2007 IEMS Conference 

the effect that our factors might have on our CTQ's. The higher the ranking, the better chance a factor has in 
affecting our critical to quality, and vice versa. For example, one of our factors, the surveys that we produced in 
order to gather student input, can impact all of the CTQs. That has a high importance rating pertaining to all of our 
CTQ's because it gives us insight into student awareness, how we may better market the program in the future, and 
how that might help better enrollment in the future. Each CTQ was rated to the importance to the recruiting process. 
The weighting was multiplied by the extent that each factor contributed to the CTQ. The highest value identified . 
that factor as the most important. The surveys that help gather student involvement was deemed the most important, 
so this would definitely need to be incorporated into the process improvement recommendations and control 
mechanisms in the improve and control phases. The cause and effect matrix is shown in table 5. 

Table 5: Cause and Effect Matrix 
CTQ Weig X 1 -Current X2 - input from X3 -surveys ~ - Reaction 

hts view from students best that help gather from students 
student way to market student about the IDIS 

population pro2ram involvement recruitment 
Awareness of the program 6 7 5 10 4 
through current students 
Awareness from 8 9 10 10 3 
undergraduate ECU 
students 
Program benefits, 10 6 10 10 5 
marketing techniques 
Enrollment 9 9 6 10 2 
TOT AL with weighting 255 264 330 116 

The lean tool, 5S was used to identify waste and inefficient activities in the recruiting process. The 5S addresses the 
factors of the current marketing plan and recruitment process that needs to be improved and tries to make 
suggestions on how to better develop those factors for the upcoming semesters. The main focus of our project is the 
ultimate increase in enrollment-for the IDIS program and the factors that directly affect that outcome. Implementing 
a lean approach to the recruitment process will better allow the program to focus on exactly what will be needed in 
order to achieve an increase in the enrollment. Having collected a variety of data through our student surveys and 
interviews, we were able to draw conclusions on what needs to be done to gain more recognition throughout the 
entire ECU student body. Implementing the 5S diagram and the improvement recommendations contributes to a 
more focused approach to the recruitment process as well as addresses the factors that were used in the past that 
were not successful. The 5S table is shown in table 6. 

Q e : ean T bl 6 L 5S S ummary 
5s Issues Recommendation 

Sort Unaware of our target audience, Obtain a list of QD.decided and incoming 
and what would appeal to them freshmen students. Establish a well organized 
about the IDIS program marketing plan to attract more students to IDIS 

Systematize Most students are unaware of Develop better marketing strategies within the 
what the IDIS program is department that better inform students of our 

program and what is has to offer 

Sweep N' Clean Students not responding to Analyze what the students did like and what 
presentations or surveys they did respond to, and target those areas 

Standardize Students not enrolled in IDIS do Inform students on the highjob placement 
not know about the jobs and directly out of college, as well as all of the 
benefits associated with different fields they could pursue in distribution 
industrial distribution and and logistics 
logistics 

Self-Discipline Lack of time interacting with Find a more efficient plan to allow time to meet 
undecided and freshmen with undecided and freshmen students 

students. 
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Failure Mode and Effects Analysis (FMEA) was applied to recognize and evaluate the process steps for the 
· marketing plan and recruiting procedures that are proposed for implementing for the upcoming semesters. We 
reviewed these proposed events and decided on possible failure modes as well as potential effects that these failures 
could have on the IDIS program. We used the following analysis in our FMEA to ascertain some conclusions on 
.how the processes could fail and what is needed to eliminate the possible failure ·modes. 

I. Enlisted key process steps by reviewing the Process Flow Diagram and deteonining the most important 
factors to the recruitment process. 

2. Identified potential failure modes and analyzed how these steps could ultimately affect the outcome of our 
proposed process. ' 

3. Decided on potential effects that the failure modes could have on the IDIS recruiting process. We 
concluded that the ultimate goal was increasing enrollment and geared the effects of failure mainly on the 
outcomes that would present themselves if the program failed to market itself properly to the student body. 

4. Identified potential causes of failure and how those failures occur by identifying the root causes that can be 
corrected or controlled. The potential causes of failure were ultimately a decrease in enrollment within the 
Industrial Distribution program due to the fact that the process steps were recommending actions for 
implementation in the futuJe recruitment process. 

5. For each of these effects, likelihood of Severity, Occurrence and Detection were assigned. These 
probabili~es were assigned based on the relative importance of all those effects and given a degree of 
severity based on a I to IO scale. 

6. A Risk Priority Number (RPN) is calculated by multiplying the Severity, Occurrence ~d Detection values 
to yield a combined v~ue. High RPNs indic~te immediate actions to resolve the failure modes. The higher 
the RPN number the more severely it affects the outcome of the process and therefore needs to be resolved · 
immediately. Since all of our potential failure modes were taken from our proposed process flow diagram, 
we concluded that the RPN for the majority of the events ultimately was high due to the fact that every 
process was important in the recruitment process. A subset of the FMEA is shown in table 7. 

Table 7: Failure Mode and Effect Analysis (FMEA) 
Process Step Potential Potential Sever- Potential Cause of Occur- . Detection Risk 

Failure Effect of ity failure rence Priority 
Mode Failure Number 

(RPN) 
Review Old Decreasing 9 Marketing plan and 5 3 135 
marketing literature is number of literature not 
plan, update used and students, due updated, no process 
literature new to not in place, no 

information showing resources available 
is not benefits ·of 
included the program 

Send out Literature Doesn't 8 Poor design 8 5 320 
mailing to sent to encourage 
undergraduate students not students to 
undecided showing enroll in IDIS .. 
students and benefits of 
incoming IDIS 
Freshmen 
Develop Faculty not Students 6 Lack of resources, 4 3 72 
presentation responding cannot lack of interest 
to undeclared to our become 
majors request to familiar with 

present to IDIS 
COAD 
classes 
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The extensive analysis identified the following problems with the IDIS recruiting process: 

• Lack of enrolled Students: Due to the low number of students in the IDIS program, we have taken new steps in 
revamping the programs marketing scheme. This year there will be around 70 IDIS majors graduating between 
December and May. So now more than ever the IDIS program is in need of new students to join our program. 
We have around 165 people in the program; with so many graduating it will really affect the program. With all 
the benchmarking and work we have put in, we are sure that our numbers will rise once again. 

• · Lack of knowledge about the IDIS program: We recently took a survey of students not in the IDIS program, to 
find out what they know and don't know about IDIS. Seventy-two percent (72%) of the people surveyed have 
no idea what IDIS is. 

• Awaren~ss of the program to new Students: As above we surveyed new students as well. This survey was 
much more vague to find out what they thought we were from simple que~tions such as "What do you think the 
Industrial Distribution and Logistics students do?" We had a huge variety of answers but none were correct. 
This proposed an issue to us. How can we increase enrollment if nobody out there has ever even heard of us? 

• Poor Marketing Techniques: The IDIS program has a very weak marketing plan. No where around campus do 
you see anything about IDIS or where you can even find us. This is a big problem we are facing which makes it 
challenging to increase enrollment. With this problem at hand we need to act fast, due to the loss in numbers 
that will hit us by the end of the year. 

• Orientation: During Orientation we are set up in the Bate building on the second floor. We are out of the way 
of the new students. We need a new booth spot so the freshmen can come and talk with us and find out who we 
are and what we are all about. By us not being in a high traffic area effects us from properly recruiting new 
students. 

Improve Phase 
Issues have now been identified and associated with potential improvement strategies. We can now develop an 
overall plan for the improvement of enrollment and recruiting for the IDIS program. Table 8 provides a summary of 
the improvements mapped to the CTQs. 

Table 8 lmorovement Recommendations Mapped to CTOs 
Critical to Quality (CTQ) Improvement Recommendation 

Characteristics 
Awareness • Communication to current students to speak of our program to 
of Program others. 
through Current students • Have students get more involved in P .A.I.D: 

• Encourage students to participc;1te in recruiting processes . 
Awareness of Program from • Improve ease of use of website/access to IDIS program. 
undergraduate students at ECU • Set up booths during orientation . 

•· Develop a better slide show/ presentation for orientation. 

• Go to the COAD (undecided major) classes and give presentations . 
Program Benefits, Marketing • Employ new marketing strategy for next semester. 
techniques • Inform new students of the benefits that our program has to offer. 

• Put up flyers in Freshmen dorms . 

• Continue COAD presentations . 
Enrollment • Encourage PAID members to be active in the recruiting process. 

• Stay in contact with COAD professors . 

• Make PAID meetings mandatory for active IDIS students . 

• Tell students to bring their friends to the PAID meetings . 
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· The information above is a brief outline of our entire project. It basically summarizes everything that needs to be 
done to better the IDIS program and further our program's existence. Students have already begun to make use of 
our new marketing techniques. By going to COAD classes and recruiting undeclared students into the IDIS 
program. So far our presentations have brought about 9 new students to the program. It ~ not a lot, but it is a start 
and shows us we are on the right track. We are hoping that the ideas and improvements that we have developed 
over this past semester will be in full effect by the beginning of the 2007 school year. 

Control Phase , 
ln order to successfully track the progress of the improvement steps, a strong control plan needs to be established. 
The IDIS program recruiting process Six Sigma team has implemented certain procedures that will create a baseline 
for maintaining and increasing the number of students within the program. In order to successfully monitor the 
progress of the team, guidelines have been established and recommendations set in order to allow for a concrete 
system in which to measure student enrollment. Table 9 shows the control mechanisms. 

Table 9 Improvement Recommendations with Control Mechanisms 
Recommendation Propose~ Counter Reactions Data Available 

Control 
Marketing Strategy - Develop better 
marketing strategy tp help promote 
the IDIS program 

COAD Presentations - Continue to 
present to COAD classes to help 
inform prospective students about 
the IDIS program · 

Orientation - Prepare presentation 
for freshman/new student 
orientation 

Acquisition of undergraduate 
student list to distribute mailings to 
prospective clients and better inform 
students of the IDIS program and 
the benefits that are offered. 

Track gain in 
enrollment by 
semester 
Distribute IDIS 
and non-IDIS 
surveys 
Track number of 
presentations and 
enrollment from 
these classes 

Track number of 
students enrolled 
from orientation 

Track number of 
students enrolled 

·from these 
m.ailings 

+ Increase in 
enrollment, continue 

· - No reaction, try other 
marketing techniques 

+ Increase in 
enrollment, continue 
presentations 
- No effect, stop or 
enhance presentations 
+ Increase in 
enrollment from 
orientation,continue 
- No effect, discontinue 
or change presentation 
+ Increase in 
enrollment, continue 
- No effect, discontinue 
or improve mailings 

Survey ofIDIS and non-IDIS 
students 
Enrollment numbers 

Powerpoint presentations and 
feedback from students in 
COAD classes 

Enhanc~ location to enhance 
visibility at orientation 

Number of mailings 

An improvement action plan for implementing short and long term recommendations to improve the IDIS recruiting 
. process was developed. · 

Recommendations for the short term improvements are as follows: 

1. Meet with faculty, sponsors, and other professionals in the distribution industry to develop a more effective 
marketing plan. Take strategies that have been successful in the past and implement them into our 
program. 

2. Develop wen organized presentations to show to undergraduate and new students that could possibly 
influence them to join the IDIS program. We also developed surveys to gain insight that will hopefully 
help in the recruitment ofIDIS. 

Recommendations for long term improvements are: 

I. We can have more sponsored events that will raise money for the program, which will allow us to expand 
on what we can offer to students in the future. · 
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2. If we continue to have good turn outs at the career fairs and paid meetings employers will want to stay 
involved in the IDIS program. Keeping good relationships with these employers is a key element to the 
success ofIDIS. 

3. Keep in contact with professionals in the distribution industry that can provide valuable insight on 
improvements and new technology for the near future. We can also benchmark other universities to see if 
our literature and technology are up to par with some of the more prestigious schools around the country . . 

CONCLUSIONS 
The Six Sigma team did an extensive project definition, collection of voice of the customer and voice of the process 
data, performed an in depth analysis, created a new recruiting process and identified recommendations for 
improv~ment and control. The IDIS program has already begun to implement the new recruiting process, and nine 
new students have joined the program during the first semester. The control mechanisms will provide the ability to 
track the impact of the improvements to assess whether the changes have had a positive impact on the IDIS student 
enrollment, and whether further improvements are necessary. 
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DME SERVICE AT CENTRAL FLORIDA RESORTS: 
A SIX SIGMA QUALITY IMPROVEMENT APPROACH 

Diala Tawfig Gammoh and.Ahmad D. Rahaf 
U:niversity of Central Florida, Orlando Florida 

ABSTRACT 

This research addresses the application of Six Sigma quality improvement tools and techniques to determine #}e 
capability of the luggage delivery process at the Central Florida Resorts' Hotels, and to devise and recommend 
solutions to improve customer satisfaction and assure a leaner process. · 

INTRODUCTION 
DME is a service that offers complementary airport shuttle service, luggage delivery and airline check-in to Central 
Florida Resorts' guests. The service objectives are to enhance the guests' experience and improve customers' 
satisfaction. Due to DME's inability to achieve their goal of delivering the guest's bags within a preset objective of 
two hours .on average, our six sigma team was called upon to.analyze and recommend improvements to the delivery 
process. 

OBJECTIVE 
The objective of this study is to improve the guests' luggage processing cycle time to less than the corporate preset 
goal of two hours, and streamline the work flow to eliminate waste to improve and enhance customer satisfaction. 

. ' 

PROCEDURES 
The six sigma's DMAIC methodology was used to analyze the DME's service at the Central Florida Resorts: 

Define 
The Define phase involved defining the purpose and the scope of the project, mapping the current process, and 
identifying the needs and requirements of the customer and the project champion [I, 2]. The objectives; aimed at 
improving the present work flow; were identified and are listed: 

I. Reduce· the number of luggage delivery truck trips. 
2. Improve the average luggage delivery cycle time. 
3. Minimize the number of lost luggage. 
4. Reduce the manpower and minimize the labor costs. 
5. Identify the customer satisfaction determinants. 
6. Develop the key metrics to measure the performance of the processes. 

Measure 
Upon their trip reservation, Central Florida Resorts' guests will be mailed an Airport Transportation Booklet 
_ containing special tags to be attached to their luggage. Once at Orlando's International airport, The DME provides 
complimentary shuttle where Central Florida Resorts' guests will be transported to their resort hotel while their 
luggage will initially be transported to the DME's sorting facility where it will be scanned to record the time of 
arrival at the resort, and will then be alphabetically sorted, according to the guests' last name as displayed mi the 
tags. This scanning process allows DME's cast to verify if the luggage is ready to be delivered if complete, or be 
held in the sorting area until all the ·missing bags are received. By I 0:00 PM all the received luggage will be loaded 
for room delivery, while the missing items will be investigated. This study focused on the process starting upon the 
luggage arrival at the sorting area until its delivery to the guest's room as shown in figure 1. 
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Figure 1: DME luggage delivery Process Flow Chart 

To develop a high level understanding of the process, a SIPOC [2] diagram shown in figure 2, was created. 

s I p 0 C 
Supplier Inputs Process Outputs Customer 

Delivery driver The luggage Receive bags at Location scan Receiving case 
Celebrity Hall delivered member 

luggage 
Sorting cast Delivered raw Sort bags by Sorted luggage Verifying cast 

member luggage name member 
Verifying cast Sorted luggage Verify all bags Verified Verifying cast 

member received complete member 
luggage 

Verifying cast Verified complete Check if room Verified ready Verifying cast 
member luggage is ready luggage member 

Coordinating Verified ready Setup run Grouped Coordinating 
cast member luggage schedule luggage · cast member 

Coordinating Grouped luggage Load bags into Location scan Loading cast 
cast member trucks loaded member 

luggage 
Delivery driver Loaded luggage .Deliver bags to Delivered final All-Star Resort 

room luggage Guest 

Suppliers I I Inputs Customers 

Figure 2: SIPOC DIAGRAM 

The Critical to Quality (CTQ) characteristics shown below; were then identified, verified and confirmed by both the 
project champion and project sponsor[2]. 

• Shorten the luggage delivery cycle time to a maximum of2 hours. 
• Reduce the luggage delivery segment from Celebrity Hall to the guest room to less than an hour. 
• Reduce the number of truck delivery trips. 
• Maximize the throughput and optimize the standard method of delivery. 
• Streamline the employees' filling process. 
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• Improve efficiency by optimizing the process flow and maximizing the luggage throughput. 
• Minimize the number of ~elayed or misplaced luggage. 
• Improve customer confidence in the service. 
• Improve customer s~tisfaction. 

Need ------ Driver --.-CTQ._..s _.,.. Measuremenl--+ Target 

. lmplO'Ve 
customer 

satisfaction to 
incJeue ret\Jm 

probebility 

Time/ 
► Dt•ation 

Short Delive:ry Time 

Redlad trips to 
rooms.per truck 

delive:ry 

Total Duration lh) max.2 

DME segment lh] max. 1 

· Dumtion.tPhase_ [#J t max.10 I 
Streamline process ., ___ T_i:me_[_rn]---~-- E]Max. 30 

Expenditt11et-( for fill-in empl.oyees 
Costs L 

1 ~ manpower r ... l _M_arp;>_we_r_[ho_um_~ ____ l1 4J I 

{I~• bot wgg&ge ~ S.fl:t~!::i•l ~6 . 
• Results 

IDC?eUe customer Sigma Level c:J·o s 
confidence in Potential 

service 

Figure 3: CTQ Tree for the DME service 

With the close involvement of both the project's champion and sponsor, the key metrics were then identified, 
validated, and modified accordingly, as shown below: 

1- Reduce the luggage delivery cycle time to within the corporate preset goal of two hours. 
2- Minimize luggage delivery errors. 
3- Deliver undamaged or soiled luggage during the delivery process. 

To identify and eliminate bottlenecks within the sorting facility, the activities of the DME drivers were recorded, 
and the time of the many different steps of the luggage delivery process was captured. In addition, several interviews 

· identified potential factors affecting the delivery process and the causes of variation. A Cause and Effect matrix was 
established and the CTQ items were ranked with a weighting factor as shown in figure 4. The fishbone diagram 
below represents the majority of variables that can affect the DME delivery process. [2] 
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Figure 4: Fishbone Diagram representing DME Delivery Pro~ess 

Analyze 
Data analysis plotted in figure 5, showed a process mean that exceeds the required goal of less than 2-hours.In 
addition, ten samples were taken from the historical TAG data for the first eight months of2006 were also analyzed 
and clearly showed a large variation of delivery times that severely hampered the DME ability to achieve its 
objectives as shown in figure 6. 

"'1oving Average Chart of Meanl 
5.0 

Greater than 2 
4.5 - Not Capable 

4.0 lUa.=3.958 

f 
~ - 3.5 

x=a241 C 

~ f 3.0 

. LQ.=2.524 2.5 
~ 

I The process is in control within the UCL and LCL t 
Greater than __J 

1.5 2 - Not . 
1 2 3 4 s 6 7 8 9 Capable 

Sample 

Figure 5: Control Chart of Historical TAG Data. 
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Fig~e 6: Box Plots of-Historical data collected from TAG. 

Control charts (figure 7) were also examined for each of the historical samples above[3, 4], the historical TAG data 
is gathered for the first 10 months of 2006. The X bar-S chart of this data for the individual days shows an out of 
control process. 
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Figure 7: X bar-S charts ofhistorical TAG from 1/1/2006 and 8/21/2006 
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Improve and Control 
The analysis resulted in several improvement suggestions that were ranked from high impact and high effort to a 
low impact low effort improvement. The resulting top ranked improvements were as follows: 

1. Apply service tags (or ribbons) to identify those bags that have been waiting the longest in the sorting facility .. 
2. Record room delivery time to minimize the delivery errors. 
3. Provide maps with preferred routes to help the less experience drivers. 
4. , Optimize the quantities of bags to·be handled by drivers per trip. 
5. Improve or add signs to facilitate the traffic. 
6. Pr~vide special loading techniques to minimize the luggage handling. 

CONCLUSION 
The six sigma's DMAIC methodology was used to analyze the DME's service at the Central Florida Resorts, and 

the analysis resulted several low or no cost recommendations that can help DME achieve its objectives. 
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APPL YING SIX SIGMA TOOLS TO IMPROVE WEBCT COURSE 
DEVELOPMENT AND DESIGN PROCESSES 

Abeer Sharawi, Amol Shah, Moorthi Rajendran 
University of Central Florida 

Sandra Furterer 
East Carolina University 

ABSTRACT 
In an effort to apply the DMAIC process to the WebCT Course development and support processes, for Computer 
Support in the College of Engineering and Computer Science at the University of Central Florida, a Six Sigma 
problem solving team was formed to study, analyze and improve the .current processes. 

This project aimed to identify the opportunities for the improvement in CECS WebCT development and support 
processes and to propose the improvement strategies which will reduce the cycle time and increase the customer 
satisfaction level. The CECS WebCT Course development provides web-based educational class materials 
developed by instructors and provided to university students to enhance their learning. 

The voice of customer was captured and important key metrics and critical to quality characteri~tics were identified. 
The improvement and control plan was proposed to reduce and eliminate the root causes of problems faced by the : 
CECS WebCT Course Development and Support team. The details of the project and the results obtained from the 
.study will be presented. · · · · · 

INTRODUCTION 
The Computer Support in the College of Engineering and Computer Science provides various services to different 
departments within the college. They are responsible for the development, update, maintenance and support of ~11 
web pages. They also manage the Computer Network and provide IT support for the departments within the college. 
Although each of the departments has its own computer support group, the CECS Computer Support still plays a 
major role to support them. They are also responsible for Feeds (Florida Engineering Education Delivery Services) 
and WebCT processes. 

The main groups serviced by the CECS Computer Support are faculty and students of the following departments: 
• Department of Industrial Engineering and Management Systems (IEMS) 
• Department of Civil and Environmental Engineering (CE) 
• Department of Mechanical, Materials and Aerospace Engineering (MMAE) 
• Deparqnent of Engineering Technology (ENT) 
• Department of Electrical and Computer Engineering (ECE) 
• . Computer Science (CS) 

The objective of our six sigma team is to study and analyze their WebCT process and provide them with an optimal 
workflow of the processes and introduce policies that would enhance the current processes to help achieve their 
goals and objectives. 

Quality is the concept of making products fit for a purpose and with the fewest defects. Many different techniques 
and concepts have been tried to minimize defects in products, including Zero Defects, Six Sigma, and the House of 
Quality. Quality Improvement is a systematic and continuous activity to improve all processes and systems in the 
organization to achieve optimal level of performance. 

The DMAIC method involves five steps: Define, Measure, Analyze, Improve, and Control. This method is used to 
improve the current capabilities of an existing process. In this project, the DMAIC method will be applied to the 
WebCT support processes in the Computer Support in the College of Engineering and Computer Science (CECS) to 
provide improvement recommendations for the Computer Support group in the College of Engineering and 
Computer Science. 
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METHODOLOGY 
Throughout the DMAIC process our team conducted interviews with the Project Champion, Project Sponsor and 
other personnel who might help in the full understanding of the process. 

Define Phase 
In the Define phase, the problem was identified and its scope was determined. Customers and stakeholders were also 
defined along with their roles, impact and concerns about the project. 

During the Define phase the team asked general questions to the Project Champion ·and Project Sponsor to gain an 
understanding of the current processes that existed in the CECS WebCT process and where the Project Champion 
and Project Sponsor would like to see the organization in the future. Example questions include how is the job being 
done now, what software (if any) is used for WebCT support, and what are the long term strategies and the vision 
for CECS Web Development. 

From these interviews the team was able to gather that the CECS WebCT processes were lacking structure and 
organization. The staff felt understaffed and overworked, since there was only one person knowledgeable of the 
WebCT processes and was s~lely responsible for creating, managing and supporting all WebCT sites in the College 
of Engineering and Computer Science. 

Measure Phase 
As the project progressed into the Measure phase the team's questions became increasingly technical. The team 
moved from gaining an understanding of the macro level CECS WebCT processes to understanding each step of the 
process on the micro level. From the Measure phase interviews the team was able to generate the as-is process flow; 
as can be seen in figure l . 

Figure I: Original Process Flow Chart with.Failure Points 

In the Define phase the customers of our processes were defined as faculty and students of the College of 
Engineering and Computer Science (CECS). 

Different tools were used in the measure phase to capture the voice of these customers. Benchmarking and surveys 
are tools that were used in the measure phase to collect the voice of the customer. Two kinds of surveys were 
designed and distributed. A student survey was designed in order to gather information in regards to customers' 
satisfaction. The survey questions used a Likert scale. The questions were asking for the. frequency o~ use of · 
WebCT, frequency of problems, their contact person in case of problems as well as the tune and quahty of the 
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services provided. The students were given the chance to write any additional comments and recommendations to 
improve the WebCT process. 

The other survey was ·designed for faculty and the purpose of it was to measure their satisfaction as well as their 
willingness to participate in the management of their own WebCT pages. The same questions asked of the students 
were asked of the faculty. Additional questions were discussed to gather data on the willingness. of faculty to attend 
training sessions and learn the use ofWebCT and actually being responsible for Iilaintaining,their courses. Faculty 
participants were also given the chance to add their thoughts and comments. 

Benchmarking against the best practices (University of Florida, University of Delaware, and University of Georgia) 
was another tool used to capture the voice of our customers. Benchmarking related to the structure and process flow 
was conducted against UCF Course and Web Development in the next phase (Analyze). From the analysis of both 
students and faculty surveys we were able to get important insight of the customers' needs and expectations. 

Analyze Phase 
The surveys gathered during the measure phase 'Yere analyzed during this phase. Pareto analysis was performed and 
valuable J?ercentages resulted from it, Chi-Square analysis was performed on the responses gathered from the 
students to test whether the different departments affected the responses or not. The test was performed on each 
question as can be s~en below 

The hypothesis being tested is: 
Ho: The Department do~s not affect the responses to the questioµ (the 2 variables are independent) 
H1: The Department affects the responses to the question (the 2 variables are dependent) 

· The analysis of the responses led us to the conclusion that the different departments in the College of Engineering 
and Computer Science only affect the frequency of use of WebCT. Knowing that not all departments have WebCT 
sites for all the classes they offer (some departments have WebCT for undergraduate classes and some don't), th~ 
team feels that the above result is reasonable. 

During the Analyze phase the team also used previous and additional interviews to determine how well CECS 
WebCT was·performing its processes. Baseline sigma values for the current conditions for both cycle time and 
customer satisfaction were calculated since those are the two measures important for the organization and would be 
measured and controlled to ensure sustained improvement. 

Cause and effect analysis and why-why analysis were used to identify and prioritize the suspected problems and root 
causes discovered from the data collected. These results were discussed and confirmed with the Project Champion 
and Project Sponsor. The root causes identified for the WebCT process were: 

1. Policies and procedures. · 
2. Limited Budget. 
3. Lack ofResources.(Time and People). 
4. No time limit for scheduling problems. 
5. New courses additions and Faculty changing. 
6. No efforts made to communicate the importance of training. 
7. Faculty busy with coursework and research. 
8. Academic calendar Structure. 

From the Why-Why analysis it was found that the lack of policies and procedures is the main root cause of the 
problem. Limited staffing and lack of time for the faculty members to attend the training are also root causes of the 
problem. By fixing these problems, we can improve the overall efficiency of the process. Figure 2 below shows the 
why-why analysis conducted by our team. 
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In the final phases (Improve and Control), two baseline sigma levels were calculated for customer satisfaction, one 
based on faculty responses to the surveys and the other based on students responses. The unit (U) was the total 
number of responses, the number of responses in neutral, unsatisfied and very unsatisfied on the question "How 
satisfied are you with WebCT?" were our defects. The baseline sigma was found to be 2.8 and 3.4 for students' 
satisfaction and faculty's satisfaction, respectively. For cycle time, the number of units was the-number ofWebCT 
courses available for the current semester. The number of WebCT classes not up and running by the second week of 
classes. And the opportunities identified were three. The baseline sigma value was found to be 3 .3. 

The team identified waste sources in the CECS WebCT Process; using that and the failure points illustrated in figure 
1, the team was able to propose an improved flow chart; as can be seen in figure 3. The ~earn also identified 
performance measure metrics and proposed a few control mechanisms that our clients can use to assure continuous 
improvement. 

Quality Function Deployment (QFD) is a structured approach to defining customer needs or requirements and 
translating them into specific plans to meet. those needs. This understanding of the customer needs was then 
summarized in a planning matrix or "house of quality". These matrices are used to translate higher level "what's" or 
needs into lower level "how's" or requirements. They are then aligned in an affinity diagram to illustrate the 
interactions and the relations. The customer needs are assigned ratings of importance to help ascertain an overall 
rating to identify which needs have the highest priority. From the QFD, we concluded that we need to take actions to 
improve the customer service. The customer service can b_e improved primarily by decreasing the response and 
service-times. Then we take actions on decreasing the rework and maintaining the database respectively. 
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Figure 3: Improved Process Flow Chart; Illuminating the Failure Points 

The actions_ required are mentioned below: 

Rework 
1. 
2. 

3. 

Setting a deadline for receiving a first draft of the schedules from the departments. 
Policy to be decided on how to handle rework caused by students dropping from the class after being added 
to the WebCT course 
Update WebCT policies and make them known to customers. 

Customer service 
I. Decrease response time 

a. Have sufficient staff 
b. Sending an email to customers confirming the receipt of their request. 

2. Decrease service time 
a. Have sufficient staff 
b. Online video training (iClass) 
c. One mandatory training session for new professors ( current professors can attend as well). 

3. Redefine roles so that faculty would update the content of their WebCT sites 
4. Periodic surveys to capture voice of customer 

Database maintenance 
I. Maintain a knowledge portal 

a. Feedback from surveys and interviews 
b. Experience of faculty members 
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The QFD also prioritized which actions of the above need to be implemented first as follows: improve customer 
service, maintain database and finally illuminate rework. 

Annual budgets and expenditures of our clients were used for the Cost / Benefit Analysis of our processes. In the 
current situation, the Aim lab has one full time employee filling a WebCT Specialist position and one part time 
employee assisting the WebCT specialist. From our observations and our meetings with the employees and the 
project champion and sponsor, we were able to conclude that the employees are overloaded with work which led us 
to study the possibility of hiring more employees. 

We have studied three scenarios that we thought might cover the needs of our employees as well as their customers. 
The tw(! additional scenarios studied were the addition of a full time employee to the current scenario or the addition 
of a part time employee to the current scenario. 

From Table l below, our best proposed scenario is to hire one extra part time employee. This would give us a total 
of one full time employee and 2 part time employees responsible for the management and support ofWebCT 
processes. This scenario resulted in a cost of $100,760. 

Although the cost of the proposed scenario is higher than the current scenario, we believe that the increase in cost is 
justified as it will entail an improvement in the quality of their product and increase customer satisfaction. Having 
sufficient manpower will decrease response and service times since we will have more people working on the 
problems which will increase the customer satisfaction. The salaries we based our calculations on were taken from 
the project sponsor as based on their current budget and expenditures. 

Scenario 

Current Situation 
1 Full Time: WebCT Specialist 
1 Part Time (Student): Assistant 

Scc11,1t·1ll I: 
I I ull I imc: \\ chC r Specialist 
2 l\trt I imc-., 

Scenario 2: 
2 Full Times 

Table I: Cost / Benefit Analysis 

l Budget 
Part Time Full Time 
Salaries Salaries 

i $88,280 $12,480 . $55,300 

! $131,100 ; $0 i $110,600 

Training 

: $20,500 

S20.500 

1 $20,500 

! Total Cost 

! $88,280 

1 $131,100 
i 

Finally, the team was able to propose some recommendations to .improve the process and ·assure continuous 
improvement in the future. These are: 

1. Online video training (iClass ). 
2. One mandatory training session for new professors ( current professors can attend as well). 
3. Setting a deadline for receiving a first draft of the schedules from the departments. 
4. Hire more full time employees that are eligible to work overtime during peaks. 
5. Update WebCT policies and make them known to customers. 
6. Communicate to faculty members that it would be best if they can provide them with information that need 

to be posted as soon as possible to help reduce the seasonality and peak of their demand. 
7. Sending an email to departments' offices reminding them to send the first draft of schedules and what new 

courses need WebCT accounts. 
8. Sending an email to customers confirming the receipt of their request. 
9. Alternative allocation of budget funds. 
10. Conduct a per semester customer survey for feedback and suggestions for improvement. 
11. Redefining the roles and responsibilities of stakeholders ( as in section 3 .2). 
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CONCLUSIONS 
In the Define phase-of the project, we have identified the customers and stakeholders of the processes. Their roles, 
concerns and / or impact on the processes were also identified. The problem was defined as well as the project goals · 
and objectives. · 

Moving to the Measure phase of the DMAIC process, data collection started. Two surveys were designed to capture 
customers' satisfaction with the WebCT support processes in the college. The surveys went,µploaded online and an 
email was sent.from the project champion to faculty and students asking them to participate in the surveys. We were 
able to gather 392 responses from students and 25 responses from faculty. From the surveys we have identified that 
8% of the professors and 27.6% of students are not satisfied with the WebCT processes. ' 

In the Analyze phase of our project, the data collection and analysis was completed. Reliability analysis, Pareto 
analysis and hypothesis testing were used to analyze the responses we got from the customers. A cost / benefit 
analysis and a cost of poor quality analysis were also performed. The results of our analysis were then used to 
provide the CECS WebCT Support Team with recommendations that will help improve the quality of their 
processes. 

In the improve and control phases we have determined some measures and performance metrics for the CECS 
WebCT Support team to help them continuously measure their improvements throughout the ·years. Control 
mechanisms were proposed as well in order to control and assure continuous improvements. 

We have successfully accomplished all the goals we haye set in our project ~barter in the beginning of our project. 
We were able to identify the problems and their root causes. We were also able to identify the critical to quality 
characteristics and key metrics that assures the success of the process. Waste and its sources were identified and 
recommendations ·were given to eliminate it. A plan for improvement was developed giving both the short term and 
long term improvement plans. Finally, we provided them with a revised and more structured flowchart that 
incorporates best practices studied as part of the benchmarking analysis performed. 

444 



Proceedings of the 2007 IEMS Conference 

ROBUST DESIGN FOR PULSE WIDTH MODULATION CONTROL USING SIX SIGMA TOOLS 

Wei Zhan 
Texas A&M University 

ABSTRACT 
The PWM control of DC permanent magnetic motor is studied using Six Sigma tools. The DMAIC process is 
followed to identify the main causes of the speed variation. A model is developed to simulate and validate the new 
design. A robust solution is proposed to improve the control accuracy. · 

INTRODUCTION 
Pulse Width Modulation (PWM [7]) is commonly used in industry. For instance, in automotive applications, 
battery/alternator is often used as power source. The battery/alternator has a constant voltage of 12 Volts. When a 
voltage different from this value is needed to control an actuator, one can either use a hardware voltage regulator or 
PWM control. The hardware solution is usually not desirable due to the high cost and packaging issues associated 
with it. The idea ofusing P\1/M control is very simple: the power to the actuator is effectively reduced by an amount 
that can be adjusted by using different duty cycles. A 50% PWM control command is shown in the following figure 

,~ u(t) 

On 

t 

Ts 

Figure 1. A typical PM\".V control command 

where the PWM frequency is defined to be 1/Ts, and the PWM duty cycle is defined to be On/Ts * I 00%. When the 
command is "high", the constant voltage source is connected to the actuator. When the command is "low", the 
constant voltage source is disconnected from the actuator. A rule of thumb for PWM duty cycle (see [4]) selection is 

duty cycle = desired voltage/nominal voltage * I 00% (1) 

This is a very attractive solution. However, the results are usually not very good. Usually one gets large variation in 
the result. The causes for the large variation can be from the nonlinearity in the system, the variation in the system 
parameters, the variation of the voltage source etc .. In ·this paper, we use the Six Sigma tools to study the speed 
control of a DC permanent magnetic motor using PWM method. Details and many references in controlling DC 
permanent magnetic motors can be found in [8]. In this paper, we will use a model to analyze the main cause for the 
variation in PWM control. The DMAIC pro·cess is followed to find a more robust control solution. 

MODELING AND SIMULATION 
We use the following model developed in [3] for a DC permanent magnetic motor 

dia(t) = _1 eaCt)- Ra ia(t)-_!._eb(t) 
dt La La La 

Tm (f) = K;ia (t) 

(t) - K dfJ(t) 
eb - b di 

(2) 

d20(t) = _!_ T (t) _ _!_ T, (t) 
df2 J m J L 
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where Kb= K;; K; is the torque constant, in N-m/A; Kb is the back-emf constant, in V/rad/sec; ia (t) is the 

armature current, in. A; R a is the armature resistance, in Q ; e b ( t) is the back emf, in V; TL ( t) is the load torque, -

in N-m; T,,,(t) is the motor torque, in N-m; 0(t) is the rotor displacement, in rad; f:a is the armature inductance, in 

H; ea (t) is the .applied motor voitage, in V; J is the rotor inertia, in kg- m 2 
• The first equatio.n in (2) is derived 

using the Kirchoff Voltage Law: the sum of the voltage drops across the resistor, the inductQr, and the back emf is 
equal to the applied voltage. The second equation is simply from the linear approximation of the torque-current 
curve. The third equation is from the fact that the back emf voltage is proportional to the angular velocity of the 
rotor. The fourth equation is derived using Newton's Second Law. We use this model to simulate the motor ' 
dynamics when PWM is used to control the motor speed. 

Based on equation (2), we build the following Simulink model. The values for the motor model parameters such 

as K; , R a , L
0 

, J and the control parameter (Duty Cycle) are assigned in a Matlab script file. This allows us to 

easily simulate thousands of different parameter values for statistic analysis. 

.>-s-peed--, -.----c=) 
!peed 

Gain4 

R ____ __. 

rpm 

R 
.__ ________ bac_k_em_f_volt_age-=--< -K-------------to 

gain 

·Figure 2. Simulink model for DC permanent magnetic motor 

Figure 3 shows a typical PWM control result for the following motor/control parameter set: K; = 0.02 Nm/ A, 

Ra = 0.1 Q ,. La= 1.0e-4 H, J =9.0e-5 kgm2
, Vbatt = 12 V, DC= 20%, T1oad = 0.3 Nm. From the simulation 

result we can see that the average speed is about.2000 rpm. The peak to peak speed variation is about 1250 rpm. 
Initial simulation also reveals that the peak-to-peak speed is mainly determined by the PWM frequency and the 
average speed is mainly determined by the PWM duty cycle. 

A quick check on the "rule of thumb" using the model also shows large discrepancy. If a 2000 rpm speed is desired, 
the voltage should be around 5.69. According to equation (1), the equivalent PWM duty cycle is 5.69/12 = 47%. 
Using the model we find that with 47% PWM duty cycle, the average motor speed is about 4100 rpm. Using the 
model, we can easily find that the correct nominal duty cycle is around 20%. 
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Figure 3. Motor speed PWM control simulation result 

DMAIC 
With the nominal duty cycle determined by simulation, now we use the Six· Sigma DMAIC process ([I, 2]) to find a 
robust solution for PWM control of the motor speed. 

Define 
Project Scope: Study the PWM control of DC permanent magnetic motor. Analyze the impact of part to part 
variation, battery voltage, duty cycle to the average motor speed variation. Try to find the main cause of the average 
speed variation. Simulation instead of actual testing will be conducted. The load torque, target speed, and PWM 
frequency are assumed to be constant. Results will be validated in a subsequent project. This Six Sigma project will 
be completed in one month. 
Project Goals: Reduce the average motor speed variation by 50% without additional cost. 

SIPOC for motor PWM process is developed as follows 

SIPOC 
Supplier Inputs Process Outputs 

OEMs Requirements Motor durability 

NVHgroup Noise, benchmark Motor NVH 

Electronics FET durability PWM Risk(FMEA) 
Control 

Motor Motor parameters Motor speed . 
Supplier 

Figure 4. SIPOC for motor PWM control 

Customers 

OEMs 

NVHgroup 

Electronics 

Motor Supplier 

The process map and CTQ tree for motor PWM control are established in Figures 5 and 6. 
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Figure 5. Motor PWM Control Process 
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Figure 6. Critical-To-Quality Tree 

Measure 
From the SIPOC and CTQ we identified the battery voltage, part-to-part variation, and load torque as the noise 
variables. PWM duty cycle is apparently a control variable. Since we assume that the PWM frequency is constant 

· and peak to peak variation is mainly determined by the PWM frequency, we will not consider the peak to peak 
variation. We will use the Simulink model to measure the output: average e~or defined by the following formula 

average error = !average speed - target speedl 

First we try to establish the baseline performance using the Monte Carlo analysis with the following assumption: 

• Resistance: normal distribution, mean value 1.0e-1 Q, a = 5.0e-3 Q; 
• Inductance: normal distribution, mean value l.0*e-4 H, a = 5.0e-5 H; 
• · Inertia: normal distribution, mean value 9.0e-5 kg m"2, a = 4.5e-6 kg m"2; 
• Torque gain: normal distribution, mean value 2.0e-2 Nm/A, a = 1.0e-3 Nm/A; 
• Back emf gain: normal distribution, mean value 2.0e-2 v/rad/s, a = l .0e-3 v/rad/s; 
• Battery voltage: normal distribution, mean value 12 v, a= 1.5v. 
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The random values for model parameters/input were generated using Excel. One thousand set of values were 
generated in the random manner. A Matlab program was written to read each set of the values, run the model and 
record the data. 

Histogram 

100 I 90 
80 
70 

>i 
CJ 60 C 
Cl) 

50 ::::, 
CT e 40 

LL 
30 
20 
10 

0 

Figure 7. Baseline performance (average motor speed error) 

Statistic analysis of the simulation data shows that the mean of the average error is -18 rpm and the standard 
deviation is 698 rpm. 

Analyze 
To further understand how each factor affects the result, we do a DOE (Design of Experiment [5, 6]) for motor 
PWM control. We choose to do the 2-level DOE ~ith the following variable: 

• Resistance: 0.085 ohm, 0.115 ohm; 
• Inductance: 8.5e-5 H, l.15e-4 H; 
• Inertia: 7 .65e-5 kg m"2, l .04e-4 kg m"2; 
• Torque gain: 0.017 Nm/A, 0.023 Nm/A; 
• Back emf gain: 0.017 v/rad/s, 0.023 v/rad/s; 
• Battery voltage: 7.5 v, 16.5 v; 
• Duty cycle: 15%, 25%. 

The total number oftest is 27 = 128. 

Vbatt 

DC 

R 

Pareto Chart of Effect For Speed 
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0 500 1000 1500 2000 2500 3000 3500 I 

Figure 8. Pareto chart of effects for motor speed 
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As a result of the DOE, the Pareto Chart ofEffectsfor average error is shown in Figure 8. It can be seen that battery 
voltage and PWM duty cycle are the two main factors that we should focus on. 
Improve 
To further investigate the impact of PWM duty cycle and battery voltage on the average motor speed, we do the 

· . following regression analysis · 
• Assume the nominal vaiue for all the motor parameters; 
• Vary the battery voltage from 8 v to 16 v by incremental of0.5 v; 
• Vary the PWM duty cycle from 10% to 40% by incremental of0.3%; 
• Simulate the model and record the average error. 

The simulation result is plotted in Figure 9. A horizontal plane passing through target speed of2000 is also plotted 
in the same figure. 
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Figure 9. Average motor speed as a function of Vbatt and duty cycle 

The intersection of these two surfaces defines a relationship between Vbatt and PWM duty cycle 

Duty Cycle = f1(Vbatt). (4) 

lfwe adjust the duty cycle using equation (3), then we will have a constant average motor speed of2000 rpm. Of 
course the actual result will have variation since we still have the part-to-part variation. Since the curve specified by 

. equation (3) lies on a plane, we can plot it in a two dimensional plane, as ~hown in Figure I 0. 
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Figure 10. Duty cycle as a function of Vbatt 

· To compare the new design to the current design, we conduct the same Monte Carlo analysis with the new design. 
The result is 
shown in 
Figure 11. 
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Figure 11. Performance of new ~esign (average motor speed error) 

Statistic analysis of the simulation data shows that the mean of the average error is 27 rpm and the standard 
deviation is 267 rpm. The mean value is similar to that of the baseline. The standard deviation is reduced by 62%, 
better than the 50% reduction specified in the project scope. 

Control 
Since our project scope is limited to simulation only, we do not plot SPC control charts. The results for the new· 
PWM motor speed control will have to be validated with actual hardware and software. The design may need to be 
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modified based on test data. This paper provides the documentation for the improved design, thus is part of the 
control step. 

CONCLUSIONS 
A model is used to simulate the "PWM control of DC permanent magnetic motors. ·The DMAIC process of the Six 
Sigma methodology is used to find the main cause of the average speed variation. Simulation result shows that the 
rule of thumb for PWM duty cycle selection can be off by large amount. A robust new PWM control design is 
derived. The average speed error for the new-design is reduced by 62% compared to the original PWM control. This 
is achieved without tightening the tolerance bands for the motor parameters. In other words, the robustness of the 
PWM control is achieved without additional cost. The systematic approach of using Six Sigma methodology to 
solve technical problems is illustrated and clearly shows its advantage over the trial and error method. 
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INTERACTIVE, FLEXffiLE, AND ADAPTABLE DECISION SUPPORT SYSTEMS 

John Wang, James Yao, Qiyang Chen, Ruben Xing 
Montclair State University 

ABSTRACT 
Decision Support Systems (DSSs) have evolved over the past four decades and continues to do so today. Although 
DSSs have grown substantially since its inception, improvements still need to be made. New technology has 
emerged and will continue to do so and, consequently, DSSs need to keep pace with it. Also, knowledge needs to 
play a b!gger role in the form of decision making. 

INTRODUCTION 
Over the four decades of its history, decision support systems (DSSs) have moved from a radical movement that 
changed the way information systems were perceived in business, to a mainstream commercial information 
technology movement that al~ organizations engage. This interactive, flexible, and adaptable computer based 
information system derives from two main areas of research: the theoretical studies of organizational decision 
making done at the Carnegie Institute in the 1950's and early 1960's as well as the technical work on interactive 
computer systems which was mainly performed by the Massachusetts Institute of Technology (Keen & Morton, 
1978). 

DSSs began due to the importance of formalizing a record of ideas, people, systems and technologies implicated in 
· this sector of applied information technology. But the history of this system is not precise due to the many 

individuals involved in different stages of DSSs and various industries while claiming to be pioneers of the system 
(Power, 2003; Arnott & Pervan, 2005). DSSs have become very sophisticated and stylish since these pioneers 
began their .research. Many new systems have expanded the frontiers estabiished by these pioneers yet.the core and 
basis of the system remains the same. Today, DSSs are used in the finance, accounting, marketing, medical, as well 
as many other fields. 

BACKGROUND 
The basic ingredients of a DSS can be stated as follows: the data management system, the model management 
system, the knowledge engine, the user interface and the users (Donciulescu et al., 2002). The database is a 
collection of current or historical data from a number of application groups. Databases can range in size from storing 
it in a PC that contains corporate data that has been downloaded, to a massive data warehouse that is continuously 
updated by major organizational transaction processing systems (TPSs ). When referring to the model management 
system, it's primarily a stand-alone system that uses some type of model to perform "what if' and other kinds of 
analysis. This model must be easy to use, and therefore the design of such model is based.on a strong theory or 
model combined with a good user interface. 

A major component of a DSS is the knowledge engine. To develop an expert system requires input from one or 
more experts, this is where the knowledge engineers go to work, who can translate the knowledge as described by 
the expert into a set of rules. A knowledge engineer acts like a system analyst but has special expertise in eliciting 
information and expertise from other professionals (Laudon & Laudon, 2005). 

The user interface is the part of the information system through which the end user interacts with the system; type of 
hardware and the series of on-screen commands and responses required for a user to work with the system. An 
information system will be considered a failure if its design is not compatible with the structure, culture, and goals 
of the organization. Research must be conducted to design a close organizational fit, to create comfort and reliability 
between the system and user. In a DSS, the user is as much a part of the system as the hardware and software. The 
user can also take many roles such as decision maker, intermediary, maintainer, operator and feeder. A DSS may be 
the best one in its industry but it still requires a user to make the final decision. 

Power (2003) introduced a conceptual level ofDSSs, which contains five different categories. These categories 
include model-driven DSS, communication-driven DSS, data-driven DSS, document-driven DSS, and knowledge
driven DSS. Defining DSS is not always an easy task due to the many definiti_ons available. Much of this problem is 
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attributed to the different ways a DSS can be classified. At the user level, a DSS can be classified as passive, active, 
or cooperative. 

Essentially, DSS is a computer-based system that provides help in the decision making process. However, this is a 
broad way of defining the subject. A better way of describing DSS is to say it is a flexible and interactive computer
based system that is developed for solving non-structured management problems. Basically, the.system uses 
information inputted from the decision maker ( data and parameters) to produce an output frgpi the model that 
ultimately assists the decision maker in analyii.ng a situation. In the following sections, we first discuss design and 
analysis methods/techniques/issues related to DSSs. Then, the three possible ways to enhance DSSs will be 
explored. 

DESIGN AND ANALYSIS MEIBODS/fECHNIQUES/ISSUES 

Design Methods 
Today, DSSs hold a primary position in an organization's decision making by providing timely and relevant 
information to decision makers. It has become a key to the success or survival of many organizations. However, 
there is a ~igh tally of failure in infonnation systems development projects, even though they are a focal point of 
industrial concern (Goepp, Kiefer, & Geiskopf, 2006). Designing methods have become an important component 
that assures a succe$sful information system design. This issue is in relevance to the design of a DSS. 

There. have been inany different strategies employed for the design of a DSS. Current research pn DDS design has 
witnessed the rapid expanding of Qbject-oriented (00), ;knowledge manage~ent (KM), structured modeling (SM), 
and design science (DS) approaches. 

· Object-Oriented approach. The characteristic of 00 approach is to use object-oriented software. engineering with 
unified modeling language (UML) in the design and implementation of a DSS. 00 approach involves basically 
three major steps {Tian et al., 2005). The user's requirements are first captured by using a set of use case diagraqi.s. 
These diagrams indicate all the functionalities of the system from the user's point of view. Then classes and their 
relationships are identified and described in class diagrams. Finally, sequence diagrams or collaboration diagrams 
are developed, which describe the interaction between objects (instances of classes). Tian et al~ (2005) designed a 
DSS with the 00 approach for an organiz.ation, which was implemented successfully. 

Knowledge Management approach. In some environment (non-preprogrammed applications), end-users, especially 
the less experienced end-users, need to have certain knowledge guiding them how to use the system. The KM design 
approach supports end-users by embedding declarative and/or procedural knowledge in software agents. This 
approach provides better assistance to inexperienced users of spatial DSS, which requires a design approach that will 
prioritize knowledge support of the end-users' decision making activities (West & Hess, 2002). 

Structured Modeling approach. SM approach "uses a hierarchically organized, partitioned, and attributed acyclic 
graph to represent models" (Srinivasan & Sundaram, 2000, p.598). It is consisted of three levels: elemental 
structure, generic structure, and modular structure. The elemental structure intends to capture the details of a specific 
model instance. The generic structure targets at capturing the natural familial groupings of elements. The modular 
structure seeks to organize generic structure hierarchically according to conup.onality or semantic relatedness. The 
leveled structures allow the complexity of a model to be managed and ranked according to its hierarchies. The graph 
feature allows modelers and decision makers to understand the model better. A key advantage of SM is the ease with 
which structured models can be visualized (Srinivansan & Sundaram, 2000). 

Design Science approach. The functionality of a DSS evolves over a series of development cycles where both the 
end-users and the systems analyst are active contributors to the shape, nature, and logic of the system (Arnott, 2004). 
Yet system developers have little guidance about how to proceed with evolutionary DSS development. DSS 
developers are facing the fact that insufficient knowledge exists for design purpose, and designers must rely on 
intuition, experience, and trial-and-error methods. Design science approach, on the other hand, can facilitate 
developers to create and evaluate information technology artifacts that are intended to solve identified organizational 
problems (Hevner et al., 2004). Vaishnavi and Kuechler (as in Amott, 2006) proposed a design science methodology 
with the major process steps of awareness of problem, suggestion, development, evaluation, and conclusion. Arnott 
(2006) proposed a five steps approach, which was adapted from Vaishnavi and Kuechler, for designing evolutionary 
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~S~: problem re~ogni~on, suggestion, artifact development, evaluation, and reflection. A research project by Arnott 
mdicates that design science approach can tackle problems of both theoretical and practical importance. 

Design Techniques 
As we are advancing in information technologies, business decision makers can now have access to vast amount of 
information. On one hand they may gain necessary and important information for making informed decisions, but on 
the other hand they may also become overloaded by the information irrelevant to what they need. Thus, there is a 
pressing need for decision aiding tools that would effectively process, filter, and deliver the right information to the 
decjsion makers. Proper combination of DSSs and agent technologies could prove to be a very powerful tool for 
rendering decision support (Vahidov & Fazlollahi, 2003/2004). 

A software agent perfonns interactive tasks between the user and the system. The user instructs the system what 
he/she intends to accomplish. The software agent carries out the task. By analogy, a software agent mimics the role 
of an intelligeht, dedicated and competent personal assistant in completing the user's tasks (Bui & Lee, 1999). In the 
DSS environment, software agents have been more formally described as autonomous software implementations of 
a task or goal that work independently, on behalf of the user or another agent (Hess, Rees, & Rakes, 2000). As the 
traditional, direct manipulatio_n interface of our computing environment is much limited (Maes, 1994), software 
agents would seem to be a suitable and most needed solution for providing procedural assistance to end-users (West 
Jr. & Hess, 2002). "These 'robots of cyberspace' can be effectively utilized in automating many information 
processing tasks" (Vahidov, Fazlollahi, & Winter, 2003/2004). 

In some DSS environment, such as spatial DSS (Sikder & Gangopadhyay, 2002; West & Hess, 2002), Internet
based DSS (Bui & Lee, 1999), and Web DSS (Vahidov, Fazlollahi, & Winter, 2003/2004), a multi-agent system 
should be designed and implemented in the DSS to facilitate the decision makers since decision making involves 
complex set of tasks that requires integration of supporting agents (Bui & Lee, 1999), and these agents should have 
behaviors to work in team (Norman & Long, 1994). Vahidov and Fazlollahj (Winter, 2003/2004) developed 
architecture of multi-agent DSS for e-commerce (MADEC), in which Intellig~nce Team (Agents); Design Team 
(Agents); and Choice Team (Agents) were composed. The multi-agent system was implemented in a prototype of 
MADEC, which received higher user satisfaction. 

THREE POSSIBLE WAYS TO ENHANCE DSSs 

Creating Knowledge Warehouses (KW) 
Nemati (2002) proposed that a new generation of knowledge-enabled systems that provides the infrastructure 
required to capture, enhance, store, organize, leverage, analyze, and disseminate not only data and information but 
also knowledge. Expanding data warehouses to encompass the knowledge needed in the decision making process is . 
the creation of knowledge warehouses (KW). An important component of KW is a very complex process known as 
knowledge management. Knowledge management allows for knowledge to be converted from tacit to explicit 
through such processes as filtering, storing, retrieving, _etc., thus allowing it to be utilized by decision makers. 

The goal of KW is to give the decision maker an intelligent analysis standpoint that enhances aJI aspects of the 
knowledge management process. The main drawbacks of KW are the amount of time and money that need to be 
invested as well as some of the same problems that are found in successfully implementing DSSs. Among these 
factors are the users' involvement and participation, values and ethics, organization and political issues within the 
company, and other external issues. The development and implementation of KW still has much work to be done, 
however, DSSs seem to be headed toward knowledge enhancement in the .future and KW looks to have a promising 
outlook in the upcoming years as a result. 

Focusing on Decision Support 
While knowledge management systems seem like a logical way to advance the shortcomings ofDSSs, another view 
also exists. By removing the word "system" from DSSs and focusing on decision support, decision making might 
cause some interesting, new directions for research and practice. Decision support (DS) is the use of any plausible 
computerized or non-computerized means for improving sense making and/or decision making in a particular 
repetitive or non-repetitive business situation in a particular organization (Alter, 2004). 
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DS embodies a broader perspective that seems logical in environments where the user does not necessarily need the 
technical aspects of DSSs. This is base4 on the belief that most work systems of any significance include some form 
of computerized support for sense making and decision making. The difference between DSSs and DS is not too 
drastic but DS is a sensible option for many companies due to the increase in technology since the creation ofDSSs; 

· DSSs may not fit the needs of a business as it had in the past. · 

Integrating DSSs & KMSs ... 
In line with Bolloju (2002), integrating decision support and knowledge management may correct some of the 
deficiencies ofDSSs. The decision-making process itself results in improved understanding of the problem and the 
process, and generates new knowledge. In other words, the decision-making and knowledge creation processes are 
interdependent. By integrating the two processes, the potential benefits that can be reaped make the concept seem 
more worthwhile. 

Integrating DSSs and KMSs seems to be the best choice out of the three possible ways to enhance DSS. The 
reasoning behind this selection is that integrating the two seems to provide a way for including both options without 
sacrificing one for the other. More importantly, while KW appears to have a very bright future, KW currently 
requires a great amount of time and money. The combination.of both areas allows for a better overall utilization in 
the present. In time, KW may not be as time consuming and costly as it is now. However, to achieve a better 
balance of usefulness and efficiency, the integration of DSSs and KMSs appears to be the smartest choice. 

FUTURE TRENDS 
The future ofDSSs, Angus (2003) argued and supported.by SAS (2004), is in tlie field of business a'nalytics (BAs). 
BAs differ from that of the recently and previously more common business intelligence {Bl). With the fast pace of · 

. business and life topay it would only make sense for a shift to BA because it does focus on the many possibilities 
and the future outcomes for production and service. 

BAs focus on the future of operations. Opposed to that of BI where it focuses on the past and what can be done tQ. 
change the past if things were done wrong or repeat if things were done right. However, BAs let managers center on 
what future trends are developing, which allows them not to accumulate a surplus of inventory. of outdated products. 
It also enables managers to change their prices before the market does, or introduce their new product before anyone 
else gets the chance to. This is known as first-to-market (Gnatovich, 2006). BAs give the companies that use it a 
tremendous advantage over their competitors in the market place. 

CONCLUSION 
Since their creation in the early 1960' s, DSSs have evolved over the past four decades and continues to do so today. 
Although DSSs have grown substantially since its inception, improvements still need to be made. New technology 
has emerged and will continue to do so and, consequently, DSSs need to keep pace with it. Also, knowledge needs 
to play a bigger role in the form of decision making. 

Shim (2002) emphasized that DSSs researchers and developers should (i) identify areas where tools are needed to 
. transform uncertain and incomplete data, along with qualitative insights, into useful knowledge, (ii) be more 
prescriptive about effective decision making by using intelligent systems and methods, (iii) exploit advancing 
software tools to improve the productivity of working and decision making time, and (iv) assist and guide DSSs 
practitioners in improving their core knowledge of effective decision support. · 

The prior statement sums up the courses of action that need to be taken very well. The successful integration of 
DSSs and KMSs could revolutionize DSSs and propel it to even greater heights in the future. In closing, DSSs have 
a storied history thatspans the course of four decades; however, the greatest mark may be made in the not so distant 
future as DSSs continue to evolve. 
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USING ORGANIZATIONAL INFORMATION PROCESSING MATURITY AS A 
· PREDICTOR OF INFORMATION TECHNOLOGY ADOPTION 

James E. Yao, John Wang, Qiyang Chen; Montclair State University 
· J:une Lu, University ofHouston- Victoria · 

ABSTRACT 
The present .study examined organizational information processing maturity and its relationship with the adoption of 
an information technology, asynchronous transfer mode (ATM) technology, in organizations. Research results' 
provided significant evidence that there is a statistically significant relationship between organizational information 
processing maturity and A TM technology adoption in organizations. 

INTRODUCTION 
Paisley (1985) stated that technological change has placed communication in the front lines of a social revolution. 
While some companies have the opportunities and resources to take advantage of low labor costs by moving their 
production facilities to low labor cost countries, other companies are forced to compete in this environment by 
making themselves more efficient (Ariss, Raghunathan, & Kunnathar, 2000). One way to improve their efficiency is 
to exploit modem technology (Millen & Sohal, 1998). As we moved from the Industrial Age into the Information 
Age (Toiler, 1980), means of communication and the exchange of information and information resources have 
come to rely increasingly upon computer-based information technologies and information systems. The computer
based information systems brought a very basic change in human communication (Rogers, 1986). Currently, 
personal computers and workstations are commonplace in organizations. Information technology and computers 
have given organizations the ability to establish effective infonnation systems for business functional areas and even 
share hardware, software, and data resources with business partners. The increasing power of personal computers 
permits multimedia, virtual reality, streaming video, instant messaging, and other applications to be conducted on 
computer networks and over the Internet, especially in organizations. To exchange these applications of high-speed 
digital bits a great deal more bandwidth is required on the network, even with further onset of compression (Roberts, 
1994). The commonly-used Ethernet and Token Ring networking technologies cannot deliver b<;llldwidth on 
demand, particularly at the switching level. As more traffic is added to the network, especially voice and video, 
traditional technology becomes ever more incapable of satisfying the demands of business users. A solution for 
solving the bandwidth problem is needed to form a unified broadband network which can deliver high bandwidth on 
demand. 

The incompatibilities between different types of LANs and W ANs have existed for a long time. Data and voice 
messages need to be carried via different networks. There is a definite need for a unified broadband network. To 
provide such a broadband network, a switching and multiplexing technology suitable for the design of high capacity 
switches is the core. As many technologies failed their promises for the requested broadband services, asynchronous 
transfer mode (A TM) has stood out as one technology that has fulfilled its promis.e. ATM is a switching and 
multiplexing mechanism operating over a fiber based physical network. The essential features of A TM are a fixed
length packet ( called a cell, a 53-byte packet with 5 bytes for header/footer and 48 bytes for information payload), 
which is switched based on a virtual circuit identifier in the cell header. All information types (voice, data, and 
video) are transported inside the cell. The most significant advantage of A TM is in. its ability to do statistical 
multiplexing and thus can effectively handle the bursty variable bit rate (VBR) and constant bit rate (CBR) traffic 
types. It is primarily a connection-oriented technology using a combination of virtual circuits (VC) and virtual paths 
(VP) to establish an end-to-end connection. End-hosts request that the network sets up a virtual circuit via a 
signaling control protocol that allows them to specify the desired quality of service (Chatterjee & Xiao, 1997; 
Kalmanek, 2002). According to McDysan and Spohn (1995), A TM takes on many forms: provides software and 
hardware multiplexing, switching, and cross-connect functions and platforms; serves as an economical, integrated 
network access method; becomes the core of a network infrastructure; provides quality to the much-touted A TM 
service. A TM technology is one of the most important developments in intemetworking in the last two decades. It 
has the potential to transform our network communication process. However the debate over the merits of such a 
technology is still going on (Crowcroft & McAuley, 2002). 

Today, ATM is used to provide VPN (Virtual Private Network) services to businesses, consisting primarily ofpoint
to-point virtual circuits connecting customer sites. A TM services represented a 2 billion dollar business in 2001. 
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ATM also provides the underpinning ofDSL (Digital Subscriber Loop) services, which are growing rapidly. ATM 
is also used as the core network infrastructure for large Frame Relay networks and for some IP networks (Kalmanek, 
2002). Base~ on the far-rea~hing si~~cant position ATM possesses in networking, it can be seen that ATM will 
play a more unpo~t role m the buildmg of a new utility infrastructure for communications technologies (Neff, 
1994). The adoption of ATM technology will probably change the current networking systems upgrade the quality 
of current networks, and provide increased services. ' 

Despite the increasing deployment of ATM technology and the important role it plays in today's information 
techJ).ology OT) infrastructure, little research has been found devoted to its study. A few recent researchers have 
examined organiz.ational characteristics, such as organiz.ational size, information systems maturity, and their 
relations~ps to organiz.ational adoption of technological innovations (Damanpour, 1987; DeLone, 1981; Eder & 
Igbaria, 2001; Ellis, 199.4; Kimberly & Evanisko, 1981; Lind, Zmud, & Fischer, 1989; Marcotte, 1989; Yap, 1990). 
However, no research has been found that studies ATM adoption in institutions of higher learning, nor has any 
research of this nature been found in other IT technologies and organiz.ational studies. This research examined the · 
relationship between a university's information processing maturity and its ATM technology adoption to investigate 
whether a university's information processing maturity can serve as a predictor of information technology adoption. 
To examine the relationship, tl;ie following research question was formulated and addressed in this study: Is 
university information processing maturity significantly related to A TM adoption? 

It has been proposed that organiz.ational variables have been clearly the best predictors of adoption of technological 
innovations (Kimberly & Evanisko, 1981 ). Identification of such organizational variable as university information 
processing maturity will provide valuable information to researchers in their study of A TM adoption in universities, 
as well as similar IT innovation adoptions in other settings. Furthermore, previous and current theories on new 

· technology adoption focus primarily on issues at the individual level (Venkatesh & Brown, 2001 ). The present 
study, however, brings a constructive contribution to the deposition of IT innovation adoption research based on 
organizations under the theory of innovation adoption and diffusion. 

MEIBODOLOGY 
The research design for this study was correlational since this method permits analysis of the relationships among a 
number of variables in a single study (Borg & Gall, 1989). The sample subjects were randomly selected from the 
population of university domain LAN administrators in the United States. The preference of only university domain 
LAN administrators makes the selected subjects homogeneous so that more accurate data of the variables can be 
obtained (Borg & Gall, 1989). The list of research universities was obtained from the technical report published by 
The Carnegie Foundation for the Advancement of Teaching (1994). · 

The level of computing used to support department, college, and university management decision-making, 
data/information handling, and learning/research was defined as information processing maturity. The data were 
obtained from the researcher developed questionnaire survey. Information processing maturity was measured by 
several factors related to the level of computing used to support university management decision-making, 
data/information handling, and learning/research. The questions used were an ·adoption of (but slightly modified by 
the researchers) a survey questionnaire developed by Ellis (1994) in his study of LAN adoption~ The validity and 
reliability of the questions were established in Ellis' study. His study confirmed that organizational degree of 
information processing maturity was related to an organiz.ation's ability to respond to or accept the complex 
elements of a LAN. All the items on the questionnaire used Likert-type 6-point scale, similar to the scale 
measurement used by Ellis ( 1994 ), to measure institutional. information processing maturity. Variables CDA TA 
(Computers used to support Data/Information Handling), CUNSTRDM (Computers used to support Unstructured 
Decision-Making), and CLRNSCH (Computers used to support Learning/Research) are b~ed on a_ scale of 1 ~o 6, 
with 1 = Strongly Disagree and 6 = Strongly Agree. High values represent high degree of~ o~atlon proces_s~g 
maturity. Similarly, but in the opposite direction, CUDMK (Computers used to supp~rt Umv~rs1ty level Dec1s10n
Making), CDEPTDMK (Computers used to support Department/College level Dec1s10~-Making), and CSTRUDMK 
(Computers used to support Structured Decision-Making) are based on 1 = Strongly Disagree to 6 = Strongly Agree, 
with low values representing high degree of information processing maturity: . . . 
The questionnaire used in the present research was reviewed by fi~e _experts m netwo~king/telecommun1cabons ~d 
ATM technology. Two of them were university domain LAN administrators. Suggestions from these experts were 
used to modify the questionnaire. 
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The questionnaire was posted on the World Wide Web. E-mail was used to distribute the cover letter of the 
questionnaire to each university domain LAN administrator. A total of 554 user addresses were actually sent through 
via the Internet. From the 554 user addresses sent through, 208 responses were.received for a response rate of 
37.55%. Out _ofthe 208 respo~es, 9 were unusable, leaving 199 usable, yielding a usable response rate of35.92%. 

Data Analysis 
Logistic regression was employed to study the relationship between organiz.ational variables and the A TM 
technology adoption status of a university. According to Hosmer and Lemeshow ( 1989), regression methods have 
become an integral component of any data analysis concerned with describing the relationship between a qependent 
variable and one or more independent variables. Very often the dependent variable is discrete, taking on two or more 
possible values. Logistic regression, in many fields, has become the standard method of analysis in this situation. 
The.dependent variable in this study is dichotomous (adoption and non-adoption) with an objective of describing the 
relationship between the dependent variable, A TM technology adoption, and the independent variable of university 
information processing maturity. Therefore, logistic regression was an appropriate statistical analysis method for this 
study. The data were analyzed by using Statistical Package for the Social Sciences (SPSS). 

FINDINGS 
A TM Adoption Status 
Of the 199 responses received, 58 universities indicated that they had adopted ATM technology, which was 29.1% 
of the responses. Of these 58 universities which have adopted ATM, 51.7% (n = 30) were research universities and 
.48.3% were non-research universities. Among the non-research universities, 22.4% (n = 13) were doctorate-granting 
universities, and 25.9% (n = 15) were neither research universities, nor doctorate-granting universities. The 
frequencies for A TM adoption are shown in Table 1. 

TABLE 1. FREQUENCIES FOR ATM ADOPTION ST A TUS 

University Type Adopted Non-Adopted Total 

Research 

Doctorate 

Neither 

Total 

Total% 

Freq. 

30 

13 

15 

58 

29.1 

Speed, Bandwidth, and Efficiency Improvement 

Percent 

51.7 

22.4 

25.9 

100.0 

Freq. 

16 

23 

102 

141 

70.9 

Percent 

11.4 

16.3 

72.3 

100.0 

46 

36 

117 

199 

100 

About 93% (n = 54) of the universities, which had adopted ATM, reported that their networks' speed, bandwidth, 
and/or efficiency had been improved since they adopted ATM. Only about 7% (n = 4) of the universities did not 
indicate speed,.bandwidth, and/or efficiency improvement on their networks since they adopted ATM. Table 2 
shows the frequencies for the speed, bandwidth, and/or efficiency improvement. 
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Status 

. Improved 

Not Improved 

Total 

Descriptive Statistics 

TABLE 2. FREQUENCIES FOR IMPROVEMENT 

Freq. 

54 

4 

58 

Percent 

93.1 

6.9 

100.0 

Descriptive statistics (means and standard deviations) for both the dependent and independent variables are reported 
in this section. Table 3 depicts the descriptive statistics for the predictor variables. 

Variable 

ADOPT 
ADOPT 
ENROLLMT 
UTYPE 
ITBUDGET 
NTBUDGET 
CDATA 
CUDMK 
CDEPTDMK 
CSTRUDMK 
CUNSTRDM 
CLRNSCH 
SPEED 

TABLE 3. DESCRIPTIVE ST A TIS TICS FOR THE PREDICTOR 
VARIABLES AND CATEGORICAL VARIABLES . 

Variable Label 

Adoption Status (Dummy, I= Adopted) 
Adoption Status (Dummy, I= Adopted) . 
Enrollment 
University Type (Dummy, }=Research) 
Overall IT Budget 
Budget for Network/Telecom 
Data/lnfonnation Handling 
Univ. Level Decision-Making 
Dept/College level Decision-making 
Structured Decision-Making 
Unstructured Decision-Making 
Learning/Research 
Speed, Bandwidth, Efficiency Improvement 
(Dummy, !=Improved) 

Mean 

.29 

.29 
11722.85 

.23 
6.81 

15.97 
*4.32 
*3.11 
*3.27 
*3.15 
*3.55 
*5.05 

.93 

Note:* Scale of 1 to 6 (Strongly Disagree to Strongly.Agree). 

Std Dev 

.46 

.46 
9661.26 

.42 
7.74 

15.16 
1.49 
1.29 
1.30 
1.35 
1.28 
1.18 
.26 

Reliability test and factor analysis were performed on data of the items measuring information processing maturity. 
Based on the reliability test and factor analysis, two index variables were created. The first index variable, named 
MTI, consisted of CDA TA, CUNSTRDM, and CLRNSCH, indicating the concept of germane application of 
information systems in university settings (high value represents high degree of information processing maturity). 
The reliability coefficient is a= .9013. The second index variable, named MT2, comprised CUDMK, CDEPTDMK, 
and CSTRUDMK, representing the concept of immaterial application of information systems in university settings 
(low value represents high degree of information processing maturity). The reliability coefficient is a = .5577. 
University information processing maturity as a whole is represented by the two index variables. Table 4 presents 
the correlation coefficients of variables within MTI and MT2. 
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- TABLE 4. CORRELATION COEFFICIENTS WITIDN MTl AND MT2 

MTI CDATA CLRNS~H CUNSTRDM 

CDATA 1.0000 .2952*** .3061 *** 

CLRNSCH .2952 1.0000 .2978*** 

CUNSTRDM .3061 .2978 1.0000 

MT2 CDEPTDMK CSTRUDMK CUDMK 

CDEPTDMK 1.0000 .7568*** .7945*** 

CSTRUDMK .7568 1.0000 .7099*** 

CUDMK .7945 .7099 1.0000 

*p < .05; **p < .01; ***p < .001. Listwise n=199 

LOGISTIC REGRESSION RESULTS 
Nested models were used to analyze model variables. Logistic regression coefficients for the nested models are 
listed in Table 5. According to Norusis (1994), logistic coefficient can be interpreted as the change in the log odds 
associated with a one-unit change in the independent variable. Logit (the log of odds) is represented by coefficient 
value p. Since it is easier to think of odds rather than log odds, the logistic model uses Exp (P) (exponential function 
of coeffic_ient-) to represent odds, which can be interpreted as by increasing the value of independent variable's · 
coefficient from Oto 1 the odds are increased by a factor of the value under Exp (P). If the independent variable's 
coefficient value pis positive, this factor will be greater than 1, which means that the odds are increased; if the P 
value is negative, the factor will be less than 1, meaning that the odds are decreased. Based on this rule of thumb and 
the coefficient values revealed in Table 5, interpretations of these models are stated in each of the individual sections 
to follow. 

Model4 
The p-value for MTI is less than .05, which suggests that, irrespective of the the second index variable MT2 
(universities with immaterial applications of information systems), there is a statistically significant relationship 
between A TM Adoption and the first index variable, namely the germane applications of information systems in 
·university settings. The p-value for MT2 is greater than .05. Therefore, it ~an be concluded that there is no 
significant relationship between A TM Adoption and the second index variable, namely the immaterial applications 
of information systems in university settings. 
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TABLE 5. LOGISTIC REGRESSION COEFFICIENTS AND GOODNESS-OF-FIT FOR THE NESTED MODELS 

Variable Model I 

ft ~ 

ENROLLMT .00008*** 1.0001 

UTYPE 

NTBUDGET 

MTl 

MT2 

Model x,2 23 .979 

Df 

Significance .0000 

*p<.05; **p<.01; ***p<.001 

Model2 

ft ~ 

.00003 

1.6733*** 

37.519 

2 

.0000 

1.0000 

5.3297 

Model3 

ft ~ 

.00002 

1.6505*** 

.0528*** 

53.953 

3 

.0000 

1.0000 

5.2095 

1.0542 

Model4 

ft ~ 

.00002 1.0000 

1.5204** 4.5740 

.0526*** · 1.0540 

.6980* 2.0098 

.3479 1.4161 

59.618 

5 

.0000 

"d a 
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0 
0. 
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Chi-square tests the null hypothesis that the coefficient in the current model, except the constant, is 0 (N orusis, 
1994). This is comparable to the overall Ftest for regression. If the Model x2 is statistically significant beyond p = 
.05, it indicates that the predictor variable contributes no chance to the probabil\ty of explaining the dependent 
variable (Menard, 1995). Model 4 yields a Model x2 of 53 .953' relative to two degi:ees of freedom, which is 
statistically significant (p < .05). Compared to Model 3, Model 4 improves the goodness-of-fit (59.618 - 53.953 = 
5.665) (5 - 3 = 2). As a result, Model 4 is better than Model 3 because variable MTI further improves the fit by~ x2 
= 5.665 relative to two degrees of freedom. 

CONCLUSION AND DISCUSSIONS 
The results of logistic regression statistical analysis satisfied the research questions that statistically there is' a 
significant relationship between A TM technology adoption and information processing maturity in universities. 
Variable MTI (universities with germane applications of information systems) showed a significant relationship 
between university information processing maturity and ATM adoption. Its odds ratio (F.xp (P) = 2.0098 as shown in 
Model 4, Table 5) indicates that the odds of adopting.ATM for universities with high degree of information 
processing maturity (namely, germane applications of information systems) are about 101% greater than universities 
with lo~ degree of information pro~essing maturity. 

Table 2 presents -that 6.9% (n = 4) of the universities did not indicate an improvement of their networks' speed, 
bandwidth, and/or efficiency since they adopted A TM. Does this mean that ATM adoption was not a good choice 
for these universities or does it mean something else? A comparison of the data reveals that three out of the four · 
universities adopted A TM in the same year as the survey was administered, and the survey was serit out in the last · 
two months of the year. This could signify several possibilities. It could be that they were not in the adoption 
evaluation phase to determine whether their network's speed, bandwidth, and efficiency had been improved' or the 
systems implementation of the technology was still in progress by the time they were administered the survey. 

The results of the study provided strong evidence to support the postulation that university information processing 
maturity is significantly related to A TM technology adoption in universities. These results support the earlier · 
findings (Ellis, 1994) that organizational information processing maturity can serve as a factor and predictor when 
applied to the study of organizational adoption of IT innovations. Thus the study has brought a constructive 
contribution to the deposition of IT innovation adoption literature. 
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A BUSINESS SCHOOL REOGRANIZATION: BREAKING DOWN ACADEMIC SILOS 
- A CASE STUDY 

Suzanne M. Ogilby and Thomas Sandman 
. California State University, Sacramento 

, INTRODUCTION 
A traditional method of organizing colleges of business on a university campus is by academic departments. These 
academic departments most frequently mirror the functional areas of U.S. businesses such as marketing, accounting, 
finance, management and information systems. These functional academic departments usually operated with 
varyin~ degrees of autonomy and budgetary authority. It could be argued that the greater the autonomy, the greater 
the probability that coordinated college level efforts and activities ( e.g.,- development of mission and vision 
statements) might face resistance. This apparent lack ofmission, goal and objective alignment has occurred in the 
business sector. One outcome of this occurrence is that it has led to new forms of organization such as .the matrix 
form of organization. · 

A matrix organization is a mixed form in which traditional hierarchy is overlaid by some form of lateral authority, 
influence, or comri:mnication. A matrix structure is often used where a need for strong technical assistance across 
many areas is neeµed. 1 Past research has shown .classic elements that make the structure a strong choice: outside 
pressure for dual focus (timeliness vs. quality), pressure for high information processing (multiple diverse projects 
~d reporting requirements) and pressures for shared resources. · · 

. This paper describ~s the events leading up to the reorganiz.ation of a relatively large public university College of 
Business Administration from a traditional hierarchical organization to a matrix form of organiz.ation. The successes 
and challenges that exist ·after th~ subsequent 20 month period are also outlined. 

PRE-REORGANIZATION ENVIRONMENT 
As shown in Figure 1, the College of Business Administration (CBA) at California State Univ~rsity, Sacramento 
was organized into four academic departments (Accountancy, Management, Marketing, and Management 
Information Science) and faced continuous leadership issues and accreditation maintenance concerns over an 
approximate teri year period. Subsequent to the arrival of a new dean from an external organization, a faculty-led 
Task Force reviewed the organizational issues with the following charge: "Evaluate whether current structure allows 
us to achieve goals/mission and resolve primary concerns of AACSB." 

In order to provide an overall framework for accomplishing its charge, the Task Force organized the identified 
concerns into the three major classificatiQns for AACSB accreditation standards: Strategic Management, 
Participants, and Assurance of Learning. Across each of these standards classifications, concerns were viewed in 
terms of Structure, People, Process, and Culture. Some of the identified concerns were considered to affect more 
than one classification. Concerns were identified through a review of almost ten years of communications between 

. the AACSB and the CBA. The organizational effects of the cited concerns were assessed by the Task Force 
utilizing the additional input received from faculty and staff. These organizational effects, if relevant in a particular 
classification, were identified by how they potentially affect: 

• Structure- These effects relate to concerns such as CBA and department policies and procedures; how 
authority and responsibility are assigned to Department Chairs and individual-faculty/staff members, 
rewards systems, communication systems, methodology in assigning teaching loads arid scheduling classes, 
use and charges of CBA and department committees, and the structure of administrative roles within the 
Co_llege and Departments. 

• People- These effects relate to concerns such as faculty and staff resource decisions, and faculty and staff 
selection recruitment practices. 

• Process- These effects relate to concerns about processes used to accomplish the Colle·ge mission: such as 
the resource allocation process used by the College and departments, coordination of different department 
meetings, course approval process, efficacy in addressing student concerns, and the faculty appointment, 
retention, tenure, and promotion (ARTP) evaluation process. 
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College & Department Cultures- These effects relate to concerns such as alignment of individual 
department, and Col~ege_ values, creation and use of exemplars to drive behavior, rituals used to foster 
culture and commumcation networks. . 

AssocieteDean 

Figure I. Existing Organizational Structure 
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Although the Task Force report diligently listed all input received, certain themes became apparent. The major 
themes relevant to this paper are summarized in Table I . A discussion of these themes in relationship to the three 
sets of AACSB standards follows the table presentation. · 

Strategic Management 
"Strategic management standards verify that the school focuses its resources and efforts toward a defined mission as 
embodied in a mission statement." (AACSB International, Eligibility Procedures and Accreditation Standards for 
Business Accreditation, (January 2005) With regard to the strategic management focus on the linkage between 
resources/efforts and mission execution, the following insights were provided: 

Structure: 
• Excessive emphasis may have been placed on .policy and efficiency on the departmental level. 
• The lack of coordination between departments may have led to departments mov4tg in different 

directions. The end result was a perception that the College is ineffective in accomplishing its mission. 
If all committees were operational at one time there would be little time left for teaching, research, and 
community service. 

• Competition for resources through maximizing full-time equivalent students (FTES) may have led to 
changes to the curriculum and delivery of courses that are not directly tied to the College's mission and 
goals. 

• Faculty were typically recruited to fill needs within disciplines based on current enrollment rather than 
based on a clear direction of where the College wanted to go in the future. Competition between 
departments for FTES was a disincentive for team teaching. The end result is a "silo" view of business 
education rather than an integrative view. In addition, the movement of faculty resources between 
departments was inhibited by department policies 

Process: 
• There was an apparent lack of alignment between College direction and activities of departments. the 

College may have been looking for quality of educational experience while departments potentially 
were allocating resources to maximize FTES. 
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• ARTP process did not provide probationary faculty continuing feedback on job performance. If new 
faculty are not focused on.mission driven activities both the College and the individual faculty member 
could suffer. 

• Degree programs are College based, but curricula was Department driven. 
Culture: · · · 

• The prevalent view was that faculty belong to Departments· first, College second. This could have been 
an effect of a perceived lack of leadership in areas, departments, and the college-for years. 

• It was believed that the actions of some faculty activities and some CBA policies were in direct 
conflict with stated mission. Indeed, the very organizational and political culture made adherence to 
the stated mission difficult. ' 

• The existing structure did not encourage the development of clear values iri the College that could 
guide critical decisions. Without a set of absolutes to guide behavior it was not possible to create a 
purpose, vision, or relevant mission. The result was operati~nally based strategic plans rather than 
values based strategic plans. · 

Participants 
"Participants standards substantiate the characteristics, interactions, and utilization of the human resources that 
constitute the learning community of the school." (AACSB International, Eligibility Procedures and Accreditation 
Standards for Business Accreditation, January 2005) The participant standards focus on the deployment and support 
ofhunian resources. Accordingly, the following results focused on recruitment, teaching assignments and research 
support: 

Structure: 
• Departments initiatea and conducted faculty recruitment activities. Departments had different policies 

and criteria for r~cruitment and hiring of faculty. 
• Faculty workload practices did not facilitate the achievement of the College's goals and meeting 

certain AACSB standards. Department policies differed in the teaching loads given to probationary 
faculty and the priority of teaching schedules given to full-time faculty and FERP faculty. 

Process: 
• Department and College research incentives seemed to be focused on probationary faculty. 
• Release time (reduced teaching loads) for scholarly activities were primarily departmentally based .. 

Assurance of Learning 
"Assurance of Learning Standards evaluate how well the school accomplishes the educational aims at the core of its 
activities." (AACSB International, Eligibility Procedures and Accreditation Standards for Business Accreditation, 
January 2005) The emphasis on learning outcomes in the assurance of learning standards highlights the lack of 
connection varying departments made on the essential interdisciplinary nature of business education. 

Structure: 
• Resource differences between Departments impeded the allocation of faculty resources to cross 

.functional solutions. 
• The department structure contributed to an environment that allowed faculty a great deal of flexibility 

in course delivery. 
• The department system· did not allow for optimal cross-functional use of teaching talent. 
• The perception in some departments was that there was a dep~ental shift from a teaching mission to 

a research mission. High levels of research productivity appeared to be a go~l rather than·a support 
activity to excellent teaching. While this may have aligned well with AACSB pressures related to the 
production of intellectual contributions, some faculty had extended reduced teaching loads. This 
created the perception that the teaching burden was shifted to a few tenured faculty and a significant 
number of part-time faculty. 

Process 
• A lack of coordination across departments existed regarding course content. 
• Departments focused primarily on concentration and specialized program assessment as opposed to 

supporting College wide program assessment. 
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Table 1. Summary of Organizational Challenges Pre-Reorganization 
Structure Process People Culture 

Fractured Input-oriented NIA Lack of clear mission 
departmental goals decision making 
policy and procedures and 
efficiency effective planning 

Burdensome Lack of mission-
committee driven decision-
structure making 

Strategic Structure instead Lack of continuous 
Management of mission drives improvement 

resource process 
allocation 

Lack of Lack of continuous 
diversification in faculty feedback 
some departments 

Cross-functional 
teaching not 
possible 

Committees not Post-tenure review Lack of faculty 
structured around not mission-driven appreciation of mission· 
standards 

Lack of mission- Lack of Inadequate AQ 
driven faculty comprehensive definition 
recruitment and faculty planning 

Participants selection - process 
-

Lack of Lack of mission- Intellectual 
demonstrated driven strategy to contributions 
standard and encourage and excessively represented 
process for AQ support senior by conference 
andPQ faculty proceedings and reward 

system reinforces it 

Curriculum in Assessment NIA Lack of innovation in 
core courses not mechanism does instructional process 
integrated not stimulate major 

Assessment of decisions 
Learning 

Varying processes 
for creation and 
delivery of 
instruction 

In sum, the academic departments virtually operated as separate entities of the CBA. The relative size of the 
departments affected the ability to achieve some consensus on college-level initiatives. One of the departments was 
so large that all college-level initiatives were effectively decided by that department through faculty votes. At other 
times, two or three departments were perceived to form alliances to control resources and effectuate change in 
certain directions. Consequently, CBA administration was to some degree handicapped in moving major initiatives 
forward. 

Although one could argue that any organizational structure could be managed in such a way as to fulfill an 
organization's mission, the task force concluded that the existing structure of the CBA had become an impediment 
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to becoming a mission driven organization. In a resource deprived environment, the existing structure would require 
excessive resource consuming, bureaucratic and policy changes in order to demonstrate the nature of a mission 
driven organization. Consequently, restructuring was recommended. · · 

REORGANIZATION 
After the Task Force submitted its recommendation to the Dean it was presented with a new charge: "The charge of 
the Dean's task force on CBA Restructuring is then to develop an implementation plan, in consultation with faculty 
and staff, for the reorganization of the CBA into a flat structure, three Associate Deans assisting the Dean with 
leadership and operations, with faculty organized into discipline based functional areas." 

As a result of that charge, the Task Force recommended, and the administration adopted; a modified matrix 
organizational structure as shown in Figure 2 below. A matrix organizational structure in an academic environment2 
allows for a network of interfaces between faculty and functional elements of the organization. 3 This structure was 
intended to promote teamwork among all constituencie/ and provide the ·flexibility for faculty to cross specialize 
and to develop creative approaches to deliver multi-discipline based CBA curricula. 5 The structure was intended to 
assist faculty in their efforts to provide a high quality education to our students and to effectively and efficiently 
utilize the talents of the faculty. Furthermore, matrix organizational structures have been identified with meeting the 
expectations of AACSB. 6 

In a matrix organization, the center cells typically represent the projects of the organization. For the CBA, the 
center cells, primarily represent the CBA courses. The four key elements of the .structure are the fac'1lty areas, the 
faculty governance structure, the CBA staff, and the CBA Associate Deans. These elements exist to achieve our 

· mission to pursue excellence in teaching and learning, scholarship, and service to our community. The top of the 
matrix represents the faculty members who specialize in the discipline based areas and bring their unique talents and 
knowledge to the courses and provide collegial peer evaluation, coaching and mentoring of the CBA faculty. The 
right side of the matrix represents the CBA staff and the myriad of ways they support the delivery of courses. The 
left side of the matrix represents the Associate Deans who exist to facilitate the ability of the CBA faculty to focus. 
on achieving the CBA' s mission by providing an environment free of inequities and with sufficient resources. The 

· matrix resides on top of the faculty governance structure that provides for faculty ownership of.the key issues·over 
which the faculty should control: appointment, retention and promotion, curriculum, and faculty development. 

Faculty Areas 
The new structure was organized by "discipline based functional areas." The six areas in the CBA are: Accounting, 
Decisions Sciences, Finance, Management, Management Information Systems and Marketing. These areas have 
been designated as having certain collective area rights and responsibilities. These relate to faculty recruiting 
activities, part-time faculty staffing, curricula development, faculty evaluation, scheduling and staffing, faculty 
development and accreditation. For recruiting activities, areas evaluate and recommend hiring needs, specify 
desfred candidate qualifications, and support activities of the hiring committee(s). For part-time staffing, areas 
determine minimum part-time faculty qualifications, and support activities of the part-time faculty appointment and 
evaluation committee(s). Curricula development requires areas to review curricula, conduct assessment of curricula, 

· develop program and/or course proposals, and forward curriculum changes through the CBA review process. 
Faculty evaluation requires areas to provide representation to review committee(s) and provide 
assistance/coaching/mentoring to faculty under review. For scheduling and staffing, areas work with constraints 
provided by the associate dean for faculty, solicit and submit standardized form of faculty schedule preferences. The 
areas also evaluate current schedules and recommend course assignments ( faculty from other areas may be 
considered for particular course consistent with CBA best practices and/or academic qualifications). Scheduling and 
staffing also requires areas to evaluate the proposed schedule presented by associate dean( s) and recommend 
increases or decreases in class size, number of sections offered, night vs. day offerings, frequency of offerings etc. 
For faculty development, areas provide assistance/coaching/mentoring to faculty under review. Finally, areas 
support accreditation by understanding and engaging in activities consistent with AACSB requirements. 

Area Liaisons 
Area liaisons were appointed by the Dean for terms of one year. The appointment was made with the consultation 
of the area faculty and Associate Deans, and reconsidered if necessary. The primary responsibilities of the area 
liaisons center on communication. Area Liaisons coordinate communication with Associate Deans. · They also 
facilitate and assist with and/or monitor the areas collective responsibilities as outlined above. 
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Figure 2. New Organizational_ Structure 

ORGANIZATIONAL SUCCESS AND CHALLENGES 
This section of the paper identifies the successes and challenges faced by the administration, faculty and students 
and staff as a result of this new structure. The successes seem to be: 

Structure: 
• Centralized budgeting and resource allocation has mitigated the FTES driven resource allocation · 

problems. The CBA still primarily receives its budget based on FTES, but ~temal resource allocation 
problems have been reduced. The Dean is better able to make strategic resource allocations driven by 
the CBA mission. · 

• Several policies formerly created on individual departmental basis have been written and implemented 
on a college-level including recruiting standards for full-time faculty and appointment and evaluation 
of part-time faculty. 

• Some committees are formed on a college level instead of area level, although the anticipated 
reduction in the number of committees has not come to fruition. 

• Cross-functional teaching is structurally easier to accomplish, yet this has happened on a limited basis 

only. 
• The CBA has improved its standards and its process for determining academically and professionally 

qualified faculty. 
Process: 

• By reducing the structural layer of departments, administrative decision making is more directly a 
result of strategic planning and the mission. 

• A College-wide maintenance of accreditation committee addresses continuous improvement in light of 
AACSB standards. . 

• Uniform faculty development processes address needs of tenured faculty in addition to probationary 

faculty. 
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• Faculty planning is occurring at a college level. 
• College wide assessment practices are in place. 

People: 
• Faculty and staff are sensitized to the college mission. 
• Faculty members have embraced the need to transition from conference proceedings to peer-reviewed 

journal article production. 
Culture: 

• Mission driven focus in decision making procedures. 

The challenges that remain include: 
Structure: 

• Burdensome committee structure remains; many based on faculty rights _ mentality verses AACSB 
standards needs. 

• Curriculum integration and cross-functi~nal creation and delivery of instruction remain elusive. 
Process: 

• Post-tenure review not_mission driven. 
• Assessment "buy-in" as a long term process remains questionable. 
• RTP process remains fragmented. 

People: 
• Resistance to active publication production beyond tenure. 

Culture: · 

• Continuing mistrust between administration and faculty. 
• Mapy faculty are attempting to shift the locus of control to the area level. 

SUMMARY 
In general, the reorganization has been very successful in refocusing and consolidating the resource allocation 
process into to a mission driven process rather than an internal FTES driven process. However, the necessary · · 
teamwork component to a matrix organization is bogged down by a continuing burdensome area based committee 
structure resulting in a continuation of an academic silo mentality in discipline based areas rather than the previously 
organized departments. 

1Kuprenas, J.A., "Implementation and Performance of a Matrix Organization Structure" International Journal of Project 
Management 21 (2003) 51-62. 
2 For example, see Tilburg University Faculty of Economics and Business Administration, 
http://www.tilburguniversity.nVfaculties/feb/ 
3
_ Refer to www.strategicfutures.com/articles/matrix/mtrx-3.htm for a summary of matrix organizations and their advantages. 

4 Refer to www.league.org/publications/abstracts/leadership/labs0889.html for a discussion of leadership in a matrix 
organization. 
5 Refer to http://web.utk.edu/~unistudy/ethics96/lth.html for a discussion of the ethical implications of how academic units 
function and a recommendation for the use of matrix organizations to resolve some of these issues. 
6 Smith, KJ and. Rubenson, GC, "An exploratory study of organizational structures and processes at AACSB member schools," 
Journal of Education for Business, Jan-Feb 2005 v80 i3 p133(6). 
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A TEAM PERFORMANCE MEASUREMENT MEIBODOLOGY: AN ACADEMIC CASE STUDY 

Everett Roper, Dawn Utley, Alisha Youngblood 
The University of Alabama in Huntsville 

ABSTRACT 
Many theories involving effective team performance have been popularized in the literature. Several of these 
theQries have su~es~~ me~~mrem~nt t~chniques for evaluation of teams. Some of these performance measurement 
~y~e?15 me~ure md1V1dual s ~ontributions such as skills, attitudes, and output but often the way they measure 
mdi~d-~ls 1s counter-productive to the team-process effort. In reality, a contradiction may exist between metrics 
for md1V1duals and actu,al team performance. Measuring the performance of the team as a whole provides 
information to help with training, coaching, and rewarding. This paper will provide details of a suggested system 
for measuring t eam performance as applied to an academic case study. . 

BACKGROUND 
Making effective use of team~ has been a dominate factor in management thinking in recent years. Management has 
viewed the use of teams as one of the most important strategies for project success. Teamwork has been touted as 
the mechanism that can increase problem solving capabilities and improve overall innovativeness. The potential 
value in implementing teams as an organization structure has created an interest in understanding how to facilitate 
this implementation [1]. According to Larson and LaFasto [2], collaboration is a necessity for solving complex 
problems that face society today. Recently, researchers found that 82% of companies surveyed used teams [3]. A 
similar survey conducted in 1996 concluded that 73% of companies surveyed depended on teams in fulfilling their 
mission statement [4] . Yet, there is little empirical evidence on which to base improvement with respect to team 
progress particularly in academic environments. And instructors like managers would find it helpful to know how 
their student teams are performing and solicit ways to measure this perform~ce. 

INTRODUCTION 
Teams and teaming behaviors h~ve been the topic of many research studies. Most of the research has evolved from 
the disciplines of psychology, sociology and behavioral sciences. Teaming research in particular has grown out of 
the general area of group development [5] [6]. Many theorists have suggested a stage model of group development 
such as Tuckman's 4 Stages of Group Development. A stage 'model helps to explain how teams form, advance 
through specific phases, and finally develop into functional units capable of reaping the benefits of collaborative 
efforts in solving problems. Many organizations have implemented an integrated project/product team structure to 
meet the challenge of today's complex problems. Still, performance measures to help assess how well the team is 
progressing toward completion of the project are lacking. These measures can be an indication of both how well the 
team is maturing and following appropriate teaming characteristics and how well these efforts are leading to 
successful accomplishment of the goal [7]. 

There have been several theories popularized in group development literature ·and many teaming characteristics lists 
have been suggested per these theories in evaluating effective and successful teamwork. Many performance 
measurement systems assess process output, quantity, and quality, but many times measuring the process tangibles 
is not enough. Some systems measure the individual's contributions such as skills, attitudes, and individual output. 
Often the method by which individuals are measured is counter-productive to the team or process effort [8]. 
Measuring the performance of the team provides information to help with training, coaching, and rewarding. 
However, team performance is difficult to measure since meaningful metrics are not always obvious. Most teams 
use metrics without understanding the overall goal or asking what results the team is supposed to produce. In fact, 
even if it is known what to measure, how to measure it is often unclear. And not everything can be easily measured 
quantitatively. Thus, teams give up when faced with assessing something like creativity or user friendlu:ies~ .. And 
since teams are made up of individuals it makes sense that measurement must be done at both team and md1v1dual 
levels, effectively doubling the size of the measurement task [8]. 

Companies want a simple tool that they can use at any level of the organ~ tion to ~easure te_a~ performance. !hey 
want to know what to measure and how to measure it. Frustrated by the madequac1es of trad1t1onal performance 
measurement systems, some managers have abandoned financial measures like r~tum on equity and earnings per 
share. Executives want a balanced presentation of measures that allow them to view the company from several 
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perspectives simultaneously [9]. And, if management is •not measuring the effectiveness and productivity of their 
organizations beyond financial measures, it is difficult for them to determine which parts of the organization are 
functioning well, and which are not, beyond a mere subjective assessment. 

This article will present first, current literature that relates to the performance measurement of teams; second, a 
generic methodology for measuring team performance; and finally, a proposed methodology for evaluating and 
measuring academic teams. 

LITERATURE REVIEW 
Many companies are not achieving the benefits they thought they would from teams. Many people working on 
teams are dissatisfied and are not happy with their team performance. So why are organizations using teams more? 
And are teams really the way forward? In order to answer these questions the effectiveness of teams must be 
measured and currently there exist studies which attempt to study and explain the necessary measurement techniques 
of effective work teams. Such studies range from looking at specifics like self-managed work teams and what 
factors make them most effective [10] to studies suggesting what specific knowledge, skllls and abilities help a team 
be effective suggesting that frequency of participation, team training, a collaborative environment, and years of 
professional experience contribute to the success of teams. But certain limitations exist in focusing only on these 
theories. In fact, while these studies have led behavioral scientists to many valuable conclusions, these theories do 
little to address how to measure different types of teams. All high-performance organizations. whether public or 
private are, arid m1,1st be, interested in developing and deploying effective performance measurement and 
performance management systems, since it is only through such systems that they can remain high-performance 
organizations. As a result, a set of good metrics is needeq for measuring team _performance. · 

.The Balanced Scorecard 
The Balanced Scorecard developed by Kaplan and Norton [9] promotes linking metrics to strategy. One of the 
benefits of utilizing a Balanced.Scorecard styled approach to metrics development is that the methodology promotes 
a link between the top level strategy of an organization and its metrics. The Balanced Scorecard provides this link 
by enabling management to bring focus to strategic objectives by promoting the integration between strategic · · 
objectives and day-to-day operations. The Balanced Scorecard requires a rigorous process and commitment, _but its 
benefits are worth the costs. Even if only a few of the elements are adopted, the research suggests a competitive . 
advantage. Best of all, much of the scorecard is simple common sense: getting agreement on strategy, strengths, and 
weaknesses;.measuring essential business numbers; and focusing not just on financial outcomes, but also on the 
issues that will affect those outcomes in the future. The balanced scorecards, and all its pieces, leverage common 
sense into a substantial competitive advantage [11]. 

An additional benefit of the Balanced Scorecard approach is that it promotes an environment where multiple types 
of metrics can be considered simultaneo~ly. Kaplan and Norton [9] developed the Balanced Scorecard approach in 
large part to address the shortcomings of the traditional financial approach to corporate measurement - an approach 
that focused purely on lagging indicators. By contrast, the Balanced Scorecard attempts to bring a balance between 
leading and lagging indicators with a focus on four areas; financial, customer, internal processes and learning and 

. growth. Figure 2 depicts these four perspectives and how they are inter-related to develop a comprehensive picture 
of the organizations performance. 

A revised scorecard is needed that takes into account the important aspects of the Balanced Scoreccµ-d but tailors 
them to academic needs. In Figure 2, replacing customer with student provides a more defined balanced scorecard 
for academia. Likewise, traditional business has measured performance using financial measures as a basis for 
accountability and comparability. We believe that in an academic setting this measure should be replaced by the 
teams measure of understanding and evaluation of performance-a grading system. 

The process of developing a scorecard for evaluation of academic team performance is in some ways parallel to that 
for business management performance [16]. The first step is to set four business-type elemen~s: 

( 1) goals for the academic organization; 
(2) objectives for each of the goals; 
(3) measurable targets for each objective; and 
( 4) accountability for achieving each objective. 
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Figure 2. The Balanced Scorecard [12] 

Most colleges and universities have a mission or vision statement that sets out in broad terms the goals of the 
institution. Within the context of these goals, the institution must decide what it will benchmark and what 
performance it will measure. The balanced scorecard tracks key strategic elements through a balanced series of 
_performance indicators to ensure that action is meeting strategic objectives, while demonstrating that the institution 
is meeting accountability expectations and legislative requirements [15]. 

Team Performance Measure System 
Although extensive research has been conducted on how to build effective teams little research has been conducted 
on performance measurement in the context of teams [13]. However, Zigon [8] presents a seven-step process for 
creating performance standards for teams: · 

1. Review the existing organiz.ational measures. This step makes sure that the measures above 
and around the team are known and are linked to the team's measures. 

2. Define team measurement points. This step offers four ways to identify starting points for 
team measurement. Selecting the best way to identify the team's value-added results provides 
the basis for all further measurement. These methods can be used singly or in combination: 

a) If the team exists to satisfy the requirements of its customers, the 
measurement point(s) should be.the product or service the team prov.ides to 
the customer. 

b) If the team exists to help the organization make an improvement in a 
specific measurable goal, the measurement points should be determined by 
asking, "What value-added results does the team produce that can help the 
organization achieve its goal?" 

c) If the team exists to support the organization's function, the measurement 
point(s) are determined by identifying the hierarchy of results that the 
organization must produce and selecting those that link the team to the 
organization's results. 

d) If the team is used to support a work process, the measurement points are 
found by mapping the process and using the map to identify what's worth 
measuring. 

3. Identify individual team member results that support the team. This step lets you identify the 
results each team member must produce to support the team's results or work process. 

4. Weigh the results. This step allows the relative importance of each value-added result to be 
discussed and agreed-upon. 
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5. Develop performance measures for each result. This step identifies the numeric and 
descriptive yardsticks to use to gauge how well the results have been achieved. 

6. Create performance standards. This step defines how well the team _and individuals must 
p~rform to meet expectations. . 

7. Create a tracking system. This step identifies how the data for· each performance standard will 
be collected and fed back to the team and team members. 

CASE STUDY 
Due to the increased popularity of using teams to gain the benefits of a synergistic approach to problem solving and 
project completion, researchers have been engaged in determining how to make teams more effective. The common 
definition of a high performing team is a group of people who are committed to a common set of goals, for which 
each member is mutually accountable [17]. The ideal team is one in which the individuals empower, challenge and 
motivate each other for the good of the organiz.ation. 

Individuals working alone are usualJy ineffective in solving current, complex engineering problems; instead well
trained mu1tidiscip1inary teams can address complex prob]ems more productively. Recognizing the importance of 
teams to industry, engineering education has begun to stress .this desired student outcome. Developing team skills in 
the classroom increases students potential for improved academic performance and simultaneous]y provides 
important skills to prepare them for the workplace. Although true for certain traditional team-based courses such as 
the capstone design course, it is also true on a much wider scale, with today's interest in active learning theories of 
pedagogy. For example, faculty can effectively use student teams in many other active/cooperative,I-earning · · 
activities besides projects. · 

In an attempt to define a framework that will help manage and measure teams in academia, a modified version of the 
Zigon methodology is p~esented: 

I. Review the existing organizational measures. Look at how the current system measures the 
student team performance. 

2. Define team measurement points. 
a. If the team exists to satisfy the requirements of its customers, the 

measurement point(s) should be the product or service the team provides 
to the customer. Here the instructor is the customer, but ultimately it is the 
students themelves because they need to learn and apply knowledge to 
problems at work. 

b. If the team exists to help the organization make an improvement in a 
specific measurable goal, the measurement points should be determined 
by asking, "What value-added results does the team produce that can 
help the organization achieve its goal?" One could also use this and ask what 
value added is this team providing to their overall experience in the· course ... e.g. 
did they maybe miss the mark with respect to the specific goal of the 
assignment but actually learn from their mistakes? 

3. Identify individual team member results that support the team. Consider asking team members to 
evaluate each other with respect to their contributions. Possibly have the instructor rate the 
individual contribution from a self report from each student as well as the instructor's own 
observations. . 

4. Weigh the results. Weight the various sources while weighing instructor assessment higher than 
team-member assessm·ent. 

5. Develop performance measures for each result. Judge based on improvement rather than an actual 
achievement score. Possibly use some hard numbers like the number of times the team met, did 
they have an agenda, action item lists, etc. Also consider other intangible measures like the level 
of integration, the level of respect among members, energy and excitement. 

6. Create performance standards. List target values for your measures. 
7. Create a tracking system. Determine how you are going to track them. 

A suggested Balanced Scorecard for academic settings is described in Table I. The balanced scorecard requires a 
rigorous process and commitment, but its benefits are worth the costs. Even if only a few of the elements are 

476 



Proceedings of the 2007 IEMS Conference 

ado~ted, the research suggests a competitive advantage. Best of all, much of the scorecard is simple common sense: 
~etting agree~ent on strategy, strengths, ~d weaknesses; measuring essential business numbers; and focusing not 
JUSt on financial ou!co~es, but also on the issues that will affect those outcomes in the future. The balanced · 
scorecards, and all Its pieces, leverage common sense into a substantial competitive advantage. . 

Table 1: Suggested Balanced Scorecard for Academia 

PERSPECTIVE METRIC 
Instructor Satisfaction surve 

Qualit}'. roductivi measures 
effectiveness measures 

Member retention Recruit and retain skilled teammates 
Team Learning/Growth Member satisfaction Kee team members satisfied 

1 T::::-eam--ro-d-=-u-c-=-ti-vi=----+-E-ns____.....ur_e:...::..th..:.:.=:at-=th==e=te-=-am.::..::..=.-=-c=oa=l=es:..:c=e-s-------l 

CONCLUSIONS AND RECOMMENDATIONS 
To simplify the process of measuring team performance, a methodology as well as a case study using this 
methodology, have been described. This methodology is both practical and applicable to a wide range of 
performance and reliability issues. Instructors would find it beneficial to use these steps to measure the performance 
of their teams. Once implemented, instructors should compile and compare data over the long term to gain further 
understanding of team performance. 

The Balanced Scorecard has been shown as an effective tool to evaluate an organization, and its performance. 
Performance is identified as the linkage between outcomes and the multiple factors affecting those strategic 
outcomes. Those capabilities of the balance scorecard are shown as applied in a business organization, but here 
adapted to an academic institution. By emphasizing integrative analysis and trade-offs, the balanced scorecard helps 
academic administrators put more focus on internal processes to improve institutional effectiveness. 

What has been learned by this study is that this methodology may improve team performance. By working to 
develop performance measures within the team, instructors can begin to measure teamwork and performance while 
students can begin to experience effective teamwork and increased performance. Teamwork requires contributions 
from all team members, a clear goal, mutual respect, commitment and proper leadership. 
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FROM ENGINEERING MANAGEMENT TO ENGINEERING LEADERSHIP: A NECESSARY JUMP 

Jerry Samples, Robert Martinazzi 
University of Pittsburgh at Johnstown 

ABSTRACT 
In their undergraduate education, engineers become technical experts in their specialty and as such are taught to 
work ~th and solve probl~ms associated with ''things". In today's global marketplace, in addition to being 
techmcally competent, engmeers must have well developed "people" skills to be effective on the job. Understand
ing the Sl,.lbtle difference between leadership and management is crucial for one' s effectiveness in both of these 
essential areas. Influencing the actions of people is leadership while managing the resources of a project can be 
categorized as management. We have replaced a traditional management course with one teaching leadership in an 
effort to better· prepare engineers for the workplace of tomorrow - with excellen~ results. · 

Traditional courses in management involve addressing the five foundational areas of managing, namely: planning, 
organizing, directing, coordin~ting and controlling all phases of a project. While technically correct to monitor the 
''things" associated with a project, they lack a significant realization that the ''things" can only be implemented by 
''people" assigned to a project. The old adage that real effectiveness involves "managing things and leading people" 
illustrates the inadequacy of a course solely designed to provide students with sound management principles. 
Giving the students an understanding of leadership and the tremendous impact it has on the success of a project 
became the motivating force behind developing a course in leadership for our students. 

The premise for teaching leadership is best summarized by a famous quote from a much respected general and 
president of the United States. It states, "The one quality that can be developed by studious reflection and practice is 
leadership." - General Dwight Eisenhower. 

This paper will discuss the content of a highly successful course entitled "Engineering Leadership" taught primarily 
to senior Civil Engineering Technology students. Based on two nationally recognized books, the first half of the 
course teaches students habits for personal and interpersonal effectiveness as a leader. The second half of the course 
specifically develops the leader inside the student. The pedagpgy for this portion of the course requires students to 
study leadership material and present mini-lectures on certain content. 

INTRODUCTION 
Most engineering and engineering technology curricula contain a very comprehensive compendium of technical 
courses designed to insure students are competent upon graduation. The Accreditation Board for Engineering and 
Technology (ABET) accreditation requirements necessitate the need for adequate and in depth coverage of the 
technical content in each discipline. Accreditation ensures a high academic standard exists- in every program 
receiving ABET accreditation. 

On the other hand, a typical engineering or engineering technology undergraduate education usually lacks a very 
critical element for succeeding in the workplace; the skills necessary to work effectively with other human beings. 
Undergraduate students must learn and deveiop the skills and abilities associated with becoming effective when 
working with a wide variety of people. The word "leadership" finally surfaces as the area where the students are 
deficient. At this point discussing this educational shortcoming takes on a whole new meaning especially since it 
has never been addressed before in the undergraduate curriculum. 

Conventional wisdom defines leadership as a skill and as such it can be learned.[!] The question is where to begin 
when teaching leadership skills? Researching the voluminous amount of leadership material available to indus~ 
clearly indicates the starting point must be with the individual focusing on the~selves.[2] S~d~nts o!leadership 
must first scrutinize their trustworthiness and integrity ensuring they are genume and authentic m therr personal 
character.[3] Once they have ascertained their trustworthiness, the students then focu~ o~ the l~vel o!tru~t they 
must develop with others to have a positive influence on them so as to create a synergistic relat10nship with the . 

various members of a team. 
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As· noted above, leadership can be developed by studious reflection and practice. This course provides students with 
both tenants ensuring a thorough understanding and comprehension of leadership. The evaluations of this course, by 
both students and other faculty, clearly demonstrate this objective has been acCOIJ?.plished for this unique course. 

CONCEPT DEVELOPMENT 
The Civil Engineering Technology program at the University of Pittsburgh at Johnstown has a Construction 
Management option and one of the courses offered is Engineering Management. In recent years, the emphasis from 
ABET, the desires of graduates, the experience from faculty who do regular consulting and the evolving understand
ing for the ·need of leadership training for graduates fueled a redesign of the Engineering Management course to 
specifically address leadership. The course is currently undergoing a name change to Engineering Leadership which 
more adequately reflects the new content taught to the students. 

Research by the authors with extensive experience in the· area of leadership served as the basis for the major course 
revisions necessary to convert the course to one with primary emphasis on leadership. With leadership considered a 
skill, efforts focused on identifying the various fundamental components important in the study of leadership. Much 
of the current national attention on character and integrity necessitated teaching these subjects to the students. It was 
also realized these two critical areas needed to be taught at the beginning of the course to help students understand 
how important character and integrity are to their personal and interpersonal effectiveness. After exposing the 
students to this essential need, the next step in the leadership skills development process requited that students be 
given specific understanding of how to develop the leader which exists in every person.[4] This step was crucial . 
since the entire premise of this course revolved around leadership being a skill ~hich can be learne.4 and "developed · 
by studious reflection and practice· .. . " 

• Two excellent best selling books serve as the texts for the course. The first book is The Seven Habits of Highly 
Effective People by Dr. Stephen R. Covey. This book specifically addresses the character and integrity development 
desired by the instructors for the. course. The second book entitled Developing the Leader Within You by Dr. John 
C. Maxwell became a perfect match for the objectives for this portion of the course set by the instructors. 

COURSE IMPLEMENTATION 
Discussion on teaching the course led the authors to build upon two models for presenting the material. It was 
decided the first segment involving The Seven Habits of Highly Effective People would be presented using an 
interactive seminar model. Using this type of presentation exposes the students to one of the primary professional 
development methods they will use in their pursuit of life long learning, namely attendance at seminars which also 
provides an opportunity for network development. This segment of the course consists of 19 sessions divided into 
three phases with each session accompanied by handouts developed to emphasize certain key learning outcomes and 
reflection points. The first phase deals with developing the key points essential for the Private Victory associated 
with personal integrity and trustworthiness. 

The Private Victory centers on teaching the students three specific habits. These include the habits of Be 
Proactive, Begin with the ·End in Mind, and Put First Things First The purpose of these habits has the student 
looking at themselves and evaluating their trustworthiness as a person. Emphasis is placed on the need for them to 
be true to themselves and to personally follow certain guiding principles in life in order for others to choose to 
follow them. This is essentially an "examination of conscience" coupled with reflection and insights on formulating 
action plans to increase their trustworthiness. · 

The second phase of this segment" of the course then shifts to examining what are the essential elements of 
developing interpersonal effectiveness. Any leader without followers is just taking a walk through life, and it is 
critical that students know how to personify those characteristics and traits for interpersonal effectiveness. Called 
the Public Victory by Dr. Covey, this segment focuses on three more habits. These include Seek Win-Win, Seek 
First to Understand Then to be Understood, and Synergy. Students quickly realize their effectiveness can be 
compounded significantly by others who choose to work cooperatively with them in the pursuit of worthwhile goals. 

The third and last phase of the segment covers the final habit, Sharpen the Saw. This habit addresses the need for 
every person to develop their multifaceted nature. Students become more aware of their physical, mental, 
social/emotional and spiritual dimensions and develop action plans for ensuring that they grow in each of these 
critical areas of their lives. 
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~e ~ond segment of the course co_nsi~ts of20 lessons where the material in the book Developing the Leader 
W1thzn Y~u by Dr. John C. Maxwell_ ts discussed. The model for student learning in this segment was developed 
based on ideas fro~ boo~ on teaching that r~mind us that the best way to learn is by teaching the material.[5,6] 
Thus, each student 1s r~q~rr~d to teach a portion of the material in this segment. Students are divided into small 
teams of three or four mdmduals who collectively select a chapter in the book which they want to teach. Students 
develo~ ~ lesson plan, hando~ts and presentation methodology for their class. Each class highlights the speaking 
and wnting ~anc~me~t ~es~ed by ABET and the University. Students understand their need to prepare and 
pr:sent matenal _which is Simtlar to what they will be doing in industry. Consequently, they readily embrace this 
umqueopportumty. · 

The mat~al for this segment is leadership specific, covering a broad spectrum of topics from the definition of 
leadership to the development of subordinates. Students learn that leadership is nothing more than influence and 
that anyone with influence can be a leader. They learn that integrity is important to leading, as is the development of 
self-discipline~ and that followers will not follow someone who is not trustworthy. People become their focus in 
every facet of leadership - even in the expression of their personal attitude. Attitude receives a lot of attention since 
ones attitude can be easily misunderstood. They learn to set priorities in their own life and for their team. Setting of 
priorities allows for team response rather than leader response. They learn the value of a vision that is set by the 
leader after the leader has established a positive relationship with the team. The vision becomes the team's vision 
for the execution phase. Finally, they learn how to solve problems and make changes that are positive. 

The initial experiment with this process of students teaching students revealed a minor problem - those not teaching 
did not prepare. A quick analysis determined that the lack of preparation was due to the instructor not being the 
primary teacher. Since preparation is often a problem in classes today, instructors have developed techniques to 
encourage pre-class preparation including: in-class questions, individual recitations and the old fashion quiz. It was 
determined that the best method for the student taught classes was for the instructors to provide a quiz before 50% of 
the classes to "encourage" the students to be prepared. This additional "encouragement'' provided a better 
environment for the student instructors as they taught their lesson. With this minor modification in place, the 
student instruction phase is more effective. 

The instructors are present in each class, taking notes and offering additional information and insights based on their 
leadership experiences and familiarity with the subject. At th~ end of each presentation, the student teachers are 
critiqued by the instructor and their peers. The classmates provide answers to three critique questions designed to 
help the students improve their teaching ability. The student teachers are asked: "What did you learn from teaching 
this class?" while their students (classmates) are asked: "How did the instructors do in presenting this material?" and 
"What was missing from the instruction which, if included, would enhance the learning?" Additionally, the 
"students" are required to fill out an evaluation matrix to provide commentary and numerical scores for the student 
teachers. These are returned to the student teachers for personal evaluation and self-improvement. The students are 
primarily seniors and exhibit tremendous excitement, energy and enthusiasm for this method of teaching as a vehicle 
to learning more about leadership. 

There is one additional activity in the course which occurs during the second half of the term whereby students 
experience leadership in action. This is done quite dramatically with studen~ watching a ~ovie dem~nstrat~g the 
leadership characteristics and traits of the main character.[?] The three movtes used for this leadership expenence 
include Braveheart, Gladiator, and Patriot 

Assigned to teams of three or four students, the teams are required to watch their chosen movie two times. Each 
viewing helps students visually witness the leadership effectiveness oft~e ma~ ch~~ter. The critical viewing~ are 
followed by the requirement to write and present a paper on the lead~rsh1p tra!ts exh1b1~ed b~ the central ~gure m 
the movie.[8] Using these movies affords the students a very dynarmc, graph1c~l an~ ptc!onal repre~entat10n of 
three distinctly different leaders, their personal leadership style and what they did to msprre and motivate others to 
follow them. 

Finally, there are two examinations in the course. The first occurs immedi~tely fo_llowing The ~even Habits of _ 
Highly Effective People seminar presentation. The second test takes pl~ce immediately foll~wmg th~ student 
instructor segment for Developing the Leader Within You. Exams consist of true/false, multiple chmce, and 
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matching questions. The final grade is composite of the two exams, the leadership analysis paper, the student 
instructor assignment, and class participation. 

OUTCOMES 
With every good engineering course there must be outcomes that are traced to some need and related to the mission 
of the program. Our mission clearly states that the program will: Ensure.graduates have the requisite leadership, 
communication and technical skills to compete in the regional, national and global marketplace. Leadership can be 
taught, learned and practiced at UPJ with this course being one of the experiences in the four year program. There 
are four outcomes that are sought by our constituencies that are addressed in this course: 

(1) 
(2) 
(3) 

(4) 

The development of leaders who are sensitive to the motivational needs of their subordinates and peers. 
The development of leaders who can communicate effectively across a broad spectrum of associates. 
The development of leaders who are introspective and advance their leadership skills through critical 
analytical self-evaluation. - · · 
The development ofleaders who exhibit knowledge of the difference between leadership and-management. 

The constituents include the Engineering Technology Advisory Board, employers who seek our graduates, the 
students ( current and incoming) and graduate programs. It is important to note that the employers who have hired 
graduates since the inception of this course are very pleased with their training and the exhibition of their leadership 
skills .. The Advisory Board interviews students and finds that this leadership course is highly valued by the 
graduates. As a side note, a similar course has been developed for freshman presidential scholars a<;toss the 
disciplines as an entree to service fn student government functions. 

CONCLUSION 
As stated in the first quote at the beginning of this paper, "The one quality that can be developed by studious 
reflection and practice is leadership." - General Dwight Eisenhower. Understanding the principles behind effective 
leadership requires students to first examine themselves and their current mindset as it relates to personal and 
interpersonal effectiveness. Students reflect seriously on their individual trustworthiness and their ability to inspire 
trust in others by the example and authenticity of their lives. They quickly identify and realize the characteristics 
and traits of people they would choose to follow and then develop action plans to emulate these in their personal 
lives. · 

Specific and concrete examples throughout the course illustrate how students can greatly enhance their leadership 
skills by studying the underlying principles associated with effective leadership. Exposure to the leadership movies 
followed by an analysis of what caused the main characters to be effective affords the students with a quick study on 
the principles of leadership necessary for effectiveness in working with others. 

Since the students are at the senior level in their undergraduate education, they had the opportunity to work during 
the summer months. That ~xperience provides them with contrasting examples-of supervisors who are leaders and 
those who operate only out of positions of power. After taking this course, they are able to specifically identify 
"how" and "why" these "leaders" were so effective or ineffective in the stu~ent's opinion. Finally, encouragement 
is given to the students to constantly monitor, assess, develop and implement those characteristics and traits essential 
for effective personal and interpersonal leadership effectiveness. 
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CENTRALIZED DIGITAL DOCUMENT PROCESSING 

· Gordon W. Arbogast, Tiana Draper, Allen Rittscher and Philip Seely 
Jacksonville University 

ABSTRACT 
Recently, COMPANY Executive Management commissioned a complete review of the organization's document 
processing capabilities. The analysis revealed substantial opportunities to reduce operational expenses and to, 
improve operational efficiencies through improved document processing management. COMP ANY's document 
processing machines are aging, becoming less reliable and more costly to operate. Eighty percent (80%) of current 
printer inventory is over seven years old and it is estimated that most will have to be replaced in the next 2-3 years. 
The cost of repair, lack of standardization, and frequent service disruptiqn creates an unstable and inefficient 
document management environment. · 

INTRODUCTION 
COMP ANY Corporation is among the nations leading transportation companies. The company provides 
transportation along_ the Eastern Seaboard and in the Southeastern United States. COMP ANY Transportation Inc. 
COMP ANY has more than 32,000 employees and provides freight transportation over a network of more than 
22,00() route miles in 23 states, the District of Columbia and two Canadian provinces. COMP ANY has office 
locations in 40 states and 460 cities. · 

To support the document processing needs of the entire office sites, COMPANY has purchased and leased a broad· 
array of office equipment: 

COMP ANY Nation Wide 
1200 copy machines 
2500 fax machines 
>5000 desktop printer's 
1800 network printer's 
2500 mainframe printer's 
<50 scanners 

COMP ANY Jacksonville Offices: 
140 copy machines 
108 fax machines 
3 500 desktop printers 
90 network printers 
108 mainframe printers 
<20 scanners 

COMPANY's document processing machines are aging, becoming less reliable and more costly to operate 
increasing the total cost of ownership (TCO). These devices range from one to twenty-five years in age, with 80% 
oyer seven years old. Their age, cost of repair, lack of standardization, and frequent service disruption creates an 
unstable and inefficient document management environment, requiring repeated and ongoing service. The total cost 
for document processing is. $9M annually. An internal assessment has· estimated that eighty percent (80%) of the 
document processing equipment used at COMP ANY today will need to be replaced within the next 2-3 years. 

COMP ANY has significant challenges and opportunities in its current document management operations. Among 
the challenges are aging machines, escalating supply and repair costs, and printing devices that do not meet 
operational needs. Opportunities include the potential to reduce operating expenses, improve operational · 
efficiencies, and to employ updat~d technology. Addressing this, COMP ANY will determine the course of action 
required to optimize management of its document processing capabilities. Recommendations will provide both short 
and long term direction. · 

An assessment team will prepare recommendations for approval, sponsorship, and funding by the COMP ANY 
Executive Management team. Once approved, the team will formulate a statement of work and a project plan for 
implementation. For the purpose of the initial project, the team will focus on the Jacksonville locations where the 
majority of the office employees are located. 

CURRENT DOCUMENT DEVICE INVENTORY 
The oldest inventories in the systems are Analog Copy Machines (1,200 Machines). On average, these analog copy 
machines are eight years old and require frequent service. Equipment breakdowns create significant operational 
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ineffi:cienci~s. Because of high repa~ costs and the limited availability of parts, it is no longer practical to provide 
ongomg mamtenance to these machmes. These machines have been tagged for replacement. 

~g the last _seve~l years, ~anufac~ers have introduced a new generation of copy machines known as digital 
all-m-one multi~ctional ?eVIce or prmter ~D). The MFDs are high tech network printer, copiers, fax machines, 
and scanne~. While MF~ s up~ont_ costs are higher than analog copiers, analog copier technology is no longer 
broadly available. Replacmg this agmg analog technology has become a business imperative. 

~e COMP ANY r~lies heavily _on twenty five hundred (2,500) mainframe printers to print federal required reports. 
It ts a !~deral r~qurrement_to prmt these reports on continuous feed paper and only the mainframe printer has the 
capabihty to prmt on contmuous feed paper. For this reason, these machines remain critical for operations. The 
majority of mainframe printers are IBM 4224 printers, averaging 20 years old. The annual cost for repair and 
replacement parts for these printers is $400,000. By the end of 2006, replacement parts for the IBM 4224 printer 
will no longer'be available for purchase, requiring the development of an altem&tive that routes the mainframe prints 
to cut-sheet paper. To further complicate this near term operational issue, this change requires approval from the 
FRA. COMPANY does not anticipate this approval until the end of2007. 

COMPANY business operations support twenty five hundred (2,500) fax machines. Of these, approximately 
eighteen hundred (1 ,800) are ten years old; many of these will need to be replaced within the next two years. Given 
new technology available, the opportunity may exist to reduce the number of fax machines deployed within 
COMP ANY operations by consolidating fax capability with other technologies. 

There are more than 5000 desktop printers in the company. As a group, desktop printers are the most recently 
purchased equipment population at COMPANY. Unfortunately, controls have not been in place to manage the 
purchase of these printers. Operational managers and end users frequently purchase the devices. This lack of control 
resulted in a desktop printer inventory with a wide variety of makers and models. While purchase controls have 
recently been established, the organization is left with the costly task of maintaining, managing and supporting a 
non-standard desktop printer inventory. In evaluating the desktop printer inventory, two areas of concern emerge: 1) 
The cost for cartridge replaceme]lt and 2) The impact that an unauthorized printer may have on the speed of local 
network servers. 

There are 1800 Network Printers. COMPANY's network printer inventories are well managed and effectively 
support the organization's operational needs. Using standard replacement and management practices, an average of 
300 network printers are replaced annually. While color print capability is available, COMPANY encourages its 
employees to utilize black and white prints rather than color as a means of managing print costs. If color prints are 
needed, network printers can be utilized. 

To date, COMPANY has installed only a few scanners (less than 50 machines). As an example, the number of 
scanners installed in Jacksonville is estimated to be aroµnd 20 units. While only an additional 10 scanners are 
anticipated next year, the evaluation shows that the demand .for scanning capabilities is increasing. It is anticipated 
that each department and field location may request a stand-alone scanner within the next two years. As with fax 
machine deployment, an opportunity exisits to manage the demand for this device by integrating this capability into 
other document processing equipment. In developing recommendations for scanners, the purchase costs, 
maintenance costs, and the need for supporting network technology will be considered. 

EXTERNAL ASSESSMENT · 
In researching appropriate solutions to COMPANY's document management issues, industry best practices, ~temal 
and external market data sources (Gartner, Forrester) and detailed manufacturer's document sources were reviewed. 

According to Gartner, 1-3% of a company's revenue is spent on paper print output. Find~g smarter way~ ~o process 
documents and improve print efficiencies may allow COMP ANY to reduce the overall prmt cost._ In ad~itlon, 
industry sources report that improved management of document processes may generate substantial savmgs. Cost 

savings opportunities in document processing include: 

• 10 - 20% savings potential in optimizing output methods 
• 20 - 40% savings potential in improving supply chain 
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• 40 - 50% savings potential in reducing output volume 
• Over 50% savings potential in· changing business processes 

After review of.the information, the team is recommending consideration of digital all-in-one equipment. This new 
generation of document processing machines is known as multifunction~! devices or printers (MFD). The MFDs are 
high tech document processing machines that integrate network printer, copiers, fax machines, and scanners. 

The assessment has identified four potential suppliers. These are: Suppliers A, B, C and D. 

THE PROBLEM 
Determine the optimal course of action that COMP ANY management needs to pursue in order to create an optimal 
solution for the organization's document processing capabilities. Optimal solutions consider TCO, improved 
operational efficiency, and will accommodate COMPANY's printing needs and document management strategies 
for the foreseeable future. · 

Criteria 
The document processing solutions considered must meet the following requirements: 

• Document devices support operational needs at various copying capacities- small ( 18 pgs/ininute ), medium 
(45pgs/min) and large (75 pgs/min) 

• Devices are capable of ei~er monochromatic or monochromatic/ multi-chromatic copy production 
• Citirix certification. · · 
• Operational on COMP ANY LAN network 
• Centralized online device administration software and error reporting with email prompts to COMP ANY 

Technology. 
• Confidential/secure printing 

In addition, the following additional criteria will be considered in the development of a recommendation: 

• Lowest total cost of ownership 
• Mainframe printing 
• Scan to email 
• Scan to file 
• Analog faxing 
• Digital fax optional 
• Default Settings (2-sided printing and repress banner sheet) 
• Single supplier 

Lastly, the following supplier service standards m~t be used in selecting suppliers: 

• Toll Free service number for repair and replacement cartridges 
• Service staff available nationwide. 
• 2 hour response time to acknowledge service calls received 
• 48 hour repair resolution time 
• 24 x 7 x 365 emergency service available 
• Skilled trainers available nationwide 
• Analysts with in-depth network knowledge available nation wide. 

Models Used 
The assessment team will utilize three analytical models as a means of determining the optimum solution to 
addressing this issue. These were: Multi-Factor Evaluation Process; Break Even Analysis and Decision Tree. These 
evaluation methods were used to determine which supplier is best capable of providing the products and services 
required and to determine the financial impact of introducing a full or partial process change. These changes are 
initially to be introduced for Jacksonville locations and then rolled out to the entire company. 
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The_ COMPANY ~ ssessment Team will use th~ Multi Factor Evaluation Process (MFEP) to select the supplier of 
c~01c~ for MFD pnn!ers. Th~ MFEP model will be applied to suppliers that meet the feasibility and optimality 
cntena above. Supphers considered were: 

• Supplier A 
• Supplier B 
• Supplier C 
• Supplier D 

~OMP AN: wi~ use a modified b~eak even analysis to determine the payback that could be achieved by 
Imple~entmg either a ful_l conversion or a partial conversion. The break even analysis demonstrates how long (in 
years) 1t takes for the savmgs to pay for the investment. 

A decision tree model will be utilized to analyze three options for the document processing needs: 
Maintain status quo - replace analog copiers as needed. 
Full conversion - replace all documents processing equipment with MFD's. 
Partial conversion - replace some document processing equipment with MFD' s. 

The digital document processing market is highly competitive. Manufacturers and distributors are eager to win the 
business of a company ofCOMPANY's size. The four suppliers selected for evaluations are all current COMPANY 
suppliers. Each has an outstanding performance record with their respective product line. In conducting the Multi 
Factor Evaluation, the project team chose five categories of deliverables critical to the success of the project. These 
are described below: 

COMPANY is looking to install three different size MFDs. Production levels of20 pages per minute (ppm); 45 ppm 
and 75 ppm, each are available in black (monochrome) print only and black & color print option. All models must 
have network printing capability and be LAN and Citrix certified. It is necessary for COMP ANY employees to 
print confidential documents; each model requires a secure print feature. All models must have fax capability. In 
this proposal, employees are asked to rely on fewer machines; therefore, each MFD must be able to be monitored 
online by the COMP ANY Support Team through its network connection. This capability allows COMP ANY 
Technology to be proactive in detecting problems, and to immediately initiate problem solving and troubleshooting. 

EVALUATION 
During the analysis it was determined that only one supplier, Supplier C, offers this software for its machines as part 
of their package. The other suppliers either lacked the capability or had an agreement with Supplier C to use their 
online tracking tool. While the online monitoring capability is a critical feature to COMPANY, vendors Supplier A, · 
Supplier Band Supplier D other features (e.g. "Additional Product Features", "Installation & Service", and 
"Price") were considered before ruling any of these vendors out. · 

In addition to the features listed previously, an additional preferred product feature is the capability to utilize 
"default duplex" printing. It is anticipated that this features will reduce the cost of paper and other supplies used for 
document preparation. For all models, the supplier should be prepared to deliver and install the MFDs. Centralized 
digital printing is new for employees and extensive training is required to familiarize staff with the product features, 
trouble shooting and best practices. It is expected that the supplier will perform repair and maintenance service on 
the equipment within 1 - 3 business days of notification. · 

While price is not the most critical determinant for supplier _selection, it is necessary to determine if individual 
suppliers are competitively positioned and how price quotes are impacted by the supplier's ability to meet 
COMPANY business requirements. Surprisingly, the Multi Factor Evaluation revealed that the supplier with the 
highest overall score also had the lowest price structure (see Table 1). 

Supplier Chas provided copy machines and mass production printer's for COMPANY s~ce 1~90 and is f~~iliar 
with the complexity of the COMPANY network. Supplier C was one of the first compames to mtroduc~ dig1~l . . 
network able all-in-one printers to the marketplace, making them the market leader ~1th regard to expenenc~ m t~1s 
arena. With the exception of the fact that Supplier C does not offer a 75 page per mmu~e color MFD, Supplier C s 
product variety meets COMP ANY' s needs. Supplier C is the only supplier to offer a higher volume color MFD and 
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is the only supplier who uses the company's own online equipment performance tracking. The Supplier C price 
model was the lowest among all of the .suppliers. Supplier C received an overall score of 3.9 out of 5 . 

. Supplier A is COMPANY's supplier for network printers and COMPANY is very ~atisfied with the quality of the 
Supplier A network printer. Supplier A first introduced their networkable MFD in 2003 but the company's business 
case was highly dependent on the customer's continuous purchase of expensive toner cartridges.· Eventually 
Supplier A improved their product and business approach to meet customer need for reduced-consumables. While 
Supplier A has introduced color MFDs to the inarket, COMPANY Technology has not certified Supplier A's color 
MFD for the COMP ANY network. Supplier A's overall score was 2.5 out of 5 

Supplier B's desktop printers are the most commonly used desktop printers in the COMPANY network. 
COMPANY also deploys various models of Supplier B's black and color network printers. Supplier Bis relatively 
new to the digital all-in-one printer market, facing the same challenges ·Supplier A had faced, and is now trying to 
increase marketshare in the MFD market. Supplier B offers color MFDs in the small and midsize range. Supplier 
B's overall score is 3 .2 out of 5. 

Supplier Dis considered to be the strongest competitor to Supplier C for a number of reasons. They offer a similar 
product line and have experience performing break-fix service throughout the COMPANY network. Supplier D has 
a demonstrated track record with COMPANY as a supplier for fax machines. Supplier D's pricing structure is 
competitive but the company does not offer installation service for their small 18 ppm models, nor can they deliver 
an oniine device performance tracking tool. Their overall score is 3 .1 out of 5 . · 

Table 1 Multi-Factor Evaluation Matrix 

# Criteria Weight Supplier A SupplierB SupplierC SupplierD · 

1 Models 0.2 2.5 0.5 4.2 0.8 4.2 _0.8 3.3 0.7 

2 Standard Features for all Models 0.2 3.2 0.6 3.2 0.6 4 0.8 3.6 0.7 

3 Additional Product Features 0.15 2.0 0.3 2.0 0.3 2.7 0.4 2.0 0.3 

4 Installation & Service 0.2 3.6 0.7 3.6 0.7 4.4 0.9 4.2 0.8 

5 Pricing 0.25 1.3 0.3 2.9 0.7 4.0 1.0 2.3 0.6 

Scoring 1 lowest - 5 highest 5 2.5 3.2 3.9 3.1 

Break Even Analysis and COMP ANY Device Conversion Approach Decision Tree 
Maintain status quo - replace analog copiers as needed. Based on estimated replacement needs, there is a $448,800 
payoff in a favorable market and a ~$255,500 payoff in an on-favorable market. It is estimated that there is a 90% 
chance of a favorable success rate, as this approach will require the least ch~ge_ of process and user habits. 

Full conversion - replace all documents processing equipment with MFD's. Based on estimated replacement needs, 
there is a $3,540,300 payoff in a favorable market and a $967,605 payoff in an un-favorable market. It is estimated 
that there is a 75% chance of a favorable success rate base on the assumption that there will be employee resistance 
to move to central~ed document printing 
Partial conversion - replace some document processing equipment with MFD's. Based on estimated replacement 
needs, there is a- $1,797,606 payoff in a favorable market and a $160,231 payoff in an on-favorable market. It is 
estimated that there is a 90% chance of a favorable success rate taking a staggered change approach. 
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Table 2 Break-Even data 

Current Status Quo Full Conversion 

leave 25% of 
remove all NW/MFPas 

breakage= 30% increase of stand alone programs won't 
previous year broken equipment equipment run on MFD 

Desktop Printer $ 2,446,000.00 $ 2,446,000.00 $ 2,780,800.00 $ - $ 595,000.00 

Network Printer $ 1,377,000.00 $ 1,377,000.00 $ 1,493,100.00 $ - $ 287,500.00 

Mainframe Printer $ 1,481,520.00 $ 1,481,520.00 $ 1,684,920.00 $ 68,200.00 $ 208,980.00 

Analog Copier ·s 4,488,000.00 0.00 0.00 $ - $ -
Fax $ 296,800.00 296,800.00 317,800.00 $ - $ -
MFD $ - $ 4,039,200.00 $ 4,039,200.00 $ 5,329,720.00 $ 5,156,420.00 

Scanner $ 29,000.00 $ 29,000.00 $ 29,000.00 $ - $ -
$ 10, 118,320.00 $ 9,669,520.00 $ 10,344,820.00 $ 5,397,920.00 $ 6,247,900.00 

Full Conversion Break Even is optimal: 
Cost: $8,120,980 Revenue (Savings): $1,548,540 PayoffTimeframe: 5.24 

Best Alternative 
The project team recommends the "full conversion" approach; eliminating all stand-alone equipment and replacing 
this equipment with centrally located MFDs. The financial advantage is compelling. Even with un-favorable odds, 
it is anticipated that COMP ANY will reduce the annual cost for printing in Jacksonville alone from $2.5 million 
annually to $1.6 million, a 36% cost reduction. 

Further, in standardizing the printer/copier environement, COMPANY Technoiogy will experience significant 
process improvements through the "full conversion" approach. Today COMP ANY Technology is supporting 
hundreds of different print drivers used by the different printing devices and models. Each printing device, fax, and 
copier has different break-fix process which must be communicated to the COMP ANY employees. This has been a 
cause of confusion among users and support staff. While the efficiencies gained by standardizing the print drivers to 
6 models are not quantified in this analysis, it is anticipated that savings could be substantial. 

Sentivity Analysis 
The supplier selection was is not sensitive. Supplier C is still the best choice given the criteria established. 

Table 3 Sensitivity Testing 

# Criteria Weight Supplier A Suppliers SupplierC SupplierD 

1 Models 0.3 2.5 0.8 4.2 1.3 4.2 1.3 3.3 1.0 

2 Standard Features for all Models 0.2 3.2 0.6 3.2 0.6 4 0.8 3.6 0.7 

3 Additional Product Features 0.15 2.0 0.3 2.0 0.3 2.7 0.4 2.0 0.3 

4 Installation & Service 0.2 3.6 0.7 3.6 0.7 4.4 0.9 4.2 0.8 

5 Pricing 0.15 1.3 0.2 2.9 0.4 4.0 0.6 2.3 0.3 

Scoring 1 lowest - 5 highest 5 2.6 3.4 3.9 3.2 

IMPLEMENTATION 
The project team's cost and benefit studies are based on the assumption that the multifunctional equipment will ?e 
leased by COMPANY. Leasing is an attractive arrangement for COMPANY for a number of reasons. Lease options 
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being considered include the costs for service, training, and consumables. In addition, COMP ANY will not incur the 
costs of disposal of retired equipment. -

. Suppliers are promoting leases as a means of securing a long term relationships witp. important customers. In 
addition, leases discourage supplier change, are a guaranteed source of revenue for the device consumables, and 
generate aftermarket revenues in the sale of retired equipment. · 

To successfully implement the "full conversion" option, the project will require leadership endorsement by the 
COMP ANY executives. Commitment to the project must be fully communicated, supported, and understood 
throughout the organization. Success will be defined as the ability to implement the recommendation with limited 
exception. While the Technology and Purchasing Departments will consider business critical exceptions to the full 
conversion approach, the direction and exception process must be supported by senior management in order to 
maintain the project integrity and success. · 

In addition, project success will be determined by the availability of detailed and qualitative surveys to correctly 
assess each location's needs. COMPANY Technology, Purchasing, and the chosen supplier must orchestrate 
implementation efforts to avoid business disruptions. Implementation efforts will include extensive collaboration in 
assessing sites, installing equipment, configuring networks and training users. In addition, the project and 
implementation team will ensure that each location has sufficient back-up equipment in case· one MFD is down for 
service. The supplier selected will be strictly held to service performance guarantees. 

A CPM network was constructed' and evaluated. In Table 4 below are the activities involved in the network and the 
critical path. 

Critical Path: A-B-C-E-H-1-J-K 

Preceeding 

A 
B 
C 
C 
D 
D 
E 
H 
I 
J 

Start 
A 
B 
C 
D 
E 
F 
G 
H -

I 
J 
K 

Table 4 CPM Activies 

Activity 
Start floor survey 
Evaluate information, send recommendation 
Obtain customer buy-in 
Place order 
Technology complete cabling 
Delivery installation of copy functions 
Remove old copier 
Activate network printing, fax, scan 
Supplier C perform user training 
Test phase 
Remove redundant stand-alone equipment 

CONCLUSIONS 

Time 
6days 
2days 
6days 
2 days 
15 days 
15 days 
15 days 
5 days 
5 days 
10 days 
5 days 

The Project Team is recommending that COMP ANY replace the stand alone document processing equipment used 
today with centralized multifun~tional devices (MFD) at the major Jacksonville locations (ABC Street, DEF Tower, 
XYZ 1, XYZ 2, Square House Street, and 555 Street) in 3rd Quarter 2006. The close proximity ofall of these 
locations will allow Technology and Purchasing to closely monitor the implementation and to develop best practices 
for field locations based on Jacksonville market result. 

As equipment warrants replacement in any of our 460 field locations, the project team will take a similar conversion 
approach. This will allow the field locations to test the new devices for at least 6 weeks priorto the removal of 
considered ''redundant" equipment. In the first year, the field locations will receive new equipment on a must have 
basis. After the MFD conversion has been successfully completed at the Jacksonville locations (1 st Quarter 2007), 
the project team recommends a proactive approach to implementing the solution in the field locations. 
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FACTORS AFFECTING NATIONAL TECHNOLOGICAL ABSORPTIVE CAPACITY 

Lotti K. Gaafar and Karim F. Saad 
The American U Diversity in Cairo 

ABSTRACT 
This paper investigates the factors that affect national technological absorptive capacity. A feed-forward back
propagation neural network is developed to model the relationship between three input factors: innovation, qµali fied 
human capital, and research and development activities, and the national technological absorptive capacity. The 
neural network is trained and validated using 120 cases that correspond to data from 29 ·countries. Random noise is 
added ·to the data to increase the number of cases. 

A 23 factorial experiment is conducted to investigate tlie main effect of the three input factors, as well as their 
interactions, on the national technological absorptive capacity. The results of the factorial experiment suggest that 
innovation and research and development activities have the most influence on national absorptive capacity. An 
interesting result is that the effect of the human capital on the national technological absorptive capacity decreases as 
the levels of innova~on and research and development activities increase. Several recommendations are made based 
on the obtained results. 

INTRODUCTION 
Developing countries are struggling to compete in today's dynamic environment that is marked with a high 
technology development rate. In this regard, the Industrial Development Report issued by the United Nations 
Industrial Development Organiz.ation (UNIDO) for the period 2002/2003 states that: "Since the industrial 
revolution, manufacturing has been the main engine for growth and for transforming the economic structure of poor 
countries. The rapid growth of technology-driven economic activity does not change this, despite the rising share of 
services in income ... " (UNIDO 2003, pp. 10). Countries that succeeded have transformed their economies from 
agriculture-dependent economies to economies based on high technology manufacturing. It is not merely enough to 
buy new equipment or machinery for real industrial and technological capacity building to occur; a country needs to 
transfer know-how, specifically manufacturing know-how, in order to be able to apply and produce new 
technologies on its own. 

One of the main strategies countries resort to, in order to enhance their technological capabilities and improve the 
competitiveness of their manufacturing sectors, is the transfer of technology. The national technological absorptive 
capacity of countries (NAC) is a major determinant of success of the complex process of technology transfer. 
Cohen and Levinthal (1990) define absorptive capacity as "The ability to recognize the value of new, external 
information, assimilate it and apply it to commercial ends". 

The literature shows that few attempts were made to measure absorptive capacity outside of the research and 
development (R&D) context. This research attempts to fill this gap by expanding the scope of investigation to 
include factors, along with R&D, that are considered relevant to the measurement of absorptive capacity. 
Specifically, the paper aims at demonstrating the relevance of three input factors (innovation, qualified human 
capital, and R&D activities) to the measurement of the NAC. For clarity, these input factors are italicized 
throughout the remainder of this paper. Additionally, absorptive capacity was, for the most part, investigated at the 
firm level and for specific targete4 sectors. However, this paper investigates the absorptive capacity at the national 
level. 

In the remaining part of this paper, Section 2justifies the selection of the three input factors. Section 3 reviews the 
literature on research related to the three identified factors and technological absorptive capacity. Section 4 provides 
a quick overview of artificial neural networks. Section 5 introduces the research methodology covering the choice 
of measures, neural network development, and the designed experiment. Section 6 presents the results and the 
corresponding analysis. Finally, Section 7 concludes the paper with highlights of the main findings and 
recommendations, and directions for future research. 
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CO~ONENTS 0~ NATIONAL TECHNOLOGICAL ABSORPTIVE CAPACITY 
Toe concept of national technological absorptive capacity is investigated by an 1 · ·ts d finiti" db 
Dah1m d N 1 ( 1995). "th . . . a yzmg I e on as propose y 

an an e _so~, . · ~ ~btl~ty to learn and unplement the technologies and associated practices of already 
develo~d coun~es. This definition mcludes three main dimensions of national technological absorptive capacity: 
innovatwn, qualified human capital, and R&D activities. 

Toe ~t dimension, innovat~on, is related to the words 'learn and implement'. By definition, innovation is a 
continuous pr~cess of small mcrementa~ changes aimed at improving products and processes. Innovation is needed 
for the adaptation of external technology to local conditions. 

!he secQ~d dimensi~n, qualifi~d human capital, is driven from the fact that it is necessary for a country seeking to 
~creas~ Its _NA~ to ~teract with the extem_al environment ( already developed countries). The target of such 
mte~ction 1s ~o Iden~fy ~el~vant technol_og1es developed elsewhere. This in tum implies that the presence of a 
qualified human capital 1s vital for carrymg out this interaction with the external environment. 

Toe third dimension, R&D activities conducted by the country, supports the assimilation and adaptation of relevant 
technologies to local conditions. R&D activities are also closely interrelated with the other two dimensions since 
investment in R&D contributes positively to the development of qualified individuals and their innovation 
capabilities. This relationship is strongly recognized in the literature (Cohen and Levinthal 1990, Knudsen et al. 
2001, Yencken and Gillin 2002). 

Absorptive capacity has been mainly studied at the firm level. However, the definition listed above, by Dahlman 
and Nelson (1995), suggests that the national absorptive capacity is influenced by the global technological 
environment and the technological progress achieved by other countries. This is also supported by the work of 
Criscuolo and Narula (2001) who point out that the concept of national absorptive capacity has been most 
commonly associated in the literature with international technology transfer, and has been extended to include 
generating new knowledge through R&D along with the ability to search for and to select the most appropriate 
technology to be absorbed. 

RESEARCH ON FACTORS AFFECTING THE ABSORPTIVE CAPACITY 
This section reviews the literature on the three factors identified as affecting the NAC. It is important however, to 
mention that several researchers have identified other factors that may affect the technological absorptive capacity 
including foreign direct investment (FDI) and infrastructure (Girma 2002 and UNIDO 2003). However, such factors 
have been excluded from this research because their effect is thought to be indirect and because of the lack of a 
reliable method to measure them. To illustrate, the infrastructure factor is usually expressed in different ways. For 
example, the term 'modem infrastructure,' which refers to the number of main telephone lines, mobile phones, 
internet hosts, and personal computers that a country possesses, was developed to replace 'traditional infrastructure' 
as a measure of the level of infrastructure of a country. Traditional infrastructure usually includes elements such as 
railways, roads, water supplies, and energy consumption. However, it can be argued that using the modem 
infrastructure measure can be misleading as is discards the level of physical infrastructure of a country that supports 
industrial activities. As an example, a country like Mali (located in West Africa) has a fairly developed modem 
infrastructure, notably mobile phones and internet servers, but severely lacks paved roads and electricity, and thus 
exhibits a very low industrial perfonnance. 

Innovation 
In the context of technological absorptive capacity, innovation may be described as small incremental changes . . 
through which products and processes are improved. In most cases, the knowledge that a country seeks to acqurre 1s 
not tailored to the specific needs and requirements of that particular country. Hence, upon acquiring new 
technologies, there will be a burst of innovative activities that are needed to adapt ~e new technology and resolve 
unexpected problems (Kumar 1999). In the manufacturing context, the successful Im~rovement of produc~ ~d. 
processes reflects the level of technological capabilities achieved by the firm because It depends on the assimilation 
of knowledge and technologies acquired externally in combination with the knowledge ~d ~apabilities d~veloped 
internally (Viana and Cervilla, 1999). Innovation can also involve the development of existing technologies and 
know-how (Lane et al. 2002, Van den Bosch et al. 1999, and Kogut and Zander 1992). 
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Research investigating the relationship between absorptive capacity and innovation suggests that absorptive capacity 
helps the speed, frequency, and magnitude of innovation and that innovation produces knowledge that becomes part 
of the innovator~ s absorptive capaf;ity (Lane et al. 2002, Van den Bosch et al. 1999, .Helf at 1997, and Kim and 
Kogut 1996). 

Qualified Human Capital 
The presence of qualified individuals capable of understanding external knowledge and recognizing its value, and 
applying complex parts of technical knowledge to local situations is of high importance (Cohen and Levinthal 
1990). These qualified individuals are not only responsible for identifying new technologies, but they also have to 
diffuse this new knowledge throughout the organiz.ation. Vinding (2000) emphasizes the importance of the presence 
of highly educated individuals to increase the stock of knowledge of the industrial entity. Also, the high content of 
technical information that characterizes today's industrial activities is a further justification for the importance of 
qualified human capital in the process of absorbing external technology. · · 

Knudsen et al. (2001) further confirmed this point through the results of a survey indicating that the share of R&D 
personnel to the total number of employees does have a positive effect on innovation performance. As Lankhuizen 
(1998) explains, to. achieve technological progress more scientists and engineers must engage in research directly 
integrated in the production of goods and services as opposed to theoretical research conducted at universities and 
public research facilities. The work of Knudsen et al. (2001) and Lankhuizen (1998) point to the link between the . · 
qualified human capital factor and the R&D activities factor that is discussed next. · 

Research and Development 
· Literature on absorptive capacity establishes R&D activities as one of the fundamental factors that contribute 
positively to the absorptive capacity. Cohen and Levinthal ( 1990) argue that a firm engaging in R&D activities 
achieves two purposes: first, it ·generates new knowledge, and second, it increases its ability to exploit external 
knowledge. Both types of knowledge provide the background that is necessary to absorb new technologies and to 
become a fast second when new technological advances are made by leading firms. The research also suggests that 
the ease with which technology is assimilated is related to the firm's or the country's prior knowledgebase. When a 
firm seeks to absorb technology that lies outside its traditional knowledge domain, dedicating significant resources 
to invest in R&D activities would then be.necessary to increase the absorptive capacity. 

In the same regard, Y encken and Gillin (2002) emphasized the importance of R&D activities as a key factor for the 
development of absorptive capacity. They conducted a survey in the Australian manufacturing sector, and 
demonstrated through the analysis of its results that there is a strong relationship between absorptive capacity and 
public sector research providers as sources of innovation and ideas. 

Youssef(l999) recommends that R&D spending should be geared more towards research in applied sciences, and 
the use of available basic s~iences to transform such research into commercial technology, in order for producers to 
move towards more value-adding activities such as the design phase. 

Another aspect ofR&D that was investigated in recent years is the notion ofR&D spillovers (Coe and Helpman 
1995 and Grilnfeld 2002). Knowledge generated through R&D activities by-an entity (either a firm or a country) 
tends to spill over to other entities over time and in this case, knowledge becomes a public commodity. 
Furthermore, the study conducted_ by Coe and Helpman ( 1995) in 21 countries that are members of the Organization 
for Economic Cooperation and Development (OECD) has shown that R&D spillovers are not restricted to a specific 
country; it can move across borders, through trade imports, FDI, or labor migration, to constitute what is called 
'international R&D spillovers.' Also, in his research on the relationship between international R&D spillovers and 
absorptive capacity, Grilnfeld (2002) found a positive effect of international R&D spillovers on absorptive capacity. 

Criscuolo and Narula (2001) point out the dynamic nature of the relationship between R&D activities and NAC. The 
authors maintain that absorptive capacity prompts more investment in R&D activities, which in return increases 
absorptive capacity. However, this interactive process will occur only if the recipient country possesses a minimum 
initial stock of knowledge. Accordingly, in the first stage of the country's development, the rat~ of increase of the 
national absorptive capacity remains low until the country acquires a minimum level of knowledge that would allow 
the country to absorb foreign technology and initiate R&D activities. Once R&D activities pick up, the NCA starts a 
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~umulative proces~ where the a~quisitio~ of technology leads to technological advances for the country and to the 
increase of the national absorptive capacity, which in return will make the country more capable of absorbing further 
external tec~ology. As the country approaches the technological frontier, the rate of increase of its capacity to 
8?sorb _fore1~ technology sl_o~~ d~wn because technology at this stage becomes more complex and requires a 
higher mtens1ty of R&D actNztzes m order to be able to absorb it. In addition, there is less knowledge to be 
transferred and therefore less potential for a technology transfer process to occur. 

It is im~rtant to underline that ~e three factors identified as contributing to national absorptive capacity do not 
behave ~dependently as they re_mforce the effect of one another. For example, the presence of a qualified human 
capital IS necessary for conducting R&D activities, which in return will increase the innovation abilities of engineers 
and rese~chers, and will enhance the skills of workers. On the other hand, establishing a national system of 
innovation is essential in transforming the scientific knowledge generated by the R&D activities into commercial 
industrial applications. Therefore, it is crucial to take into account the interdependent nature of these factors when 
aiming at increasing the quality of the human capital of a country, devising poli~ies for R&D activities, and putting 
in place a national system of innovation. 

ARTIFICIAL NEURAL NETWORKS 
Artificial neural networks (ANNs) are alternative computational tools that consist of a large number of simple 
processing elements, all interconnected, and in parallel. The design of these networks was inspired by the biological 
neural network (the mammalian cerebral cortex). ANNs have a number offeatures that have caused them to be 
successfully implemented, with significant economic benefits. First, they are massively parallel and interconnected, 
and thus, hardware and software implementations are much easier (Holler et al. 1989). Second, ANNs have a high 
tolerance to noise (Freeman and Skapura 1991 ). Knowledge and information are generally stored throughout the 
network in the form of weights rather than in a complex-structured central processing unit. It is for this reason that 
ANNs typically exhibit graceful degradation to noise. Third, ANNs provide a means for modeling arbitrarily 
complex non-linear functions. A collection of processing elements with w~ighted interconnections realizes a 
powerful modeling capability. In fact, some ANNs are capable of modeling arbitrarily complex functions to an 
arbitrarily degree of accuracy (Hornik 1993). These are often called universal approximators. Lastly, a fourth 
feature of ANNs is the existenc~ of general purpose learning rules (Hinton 1989). These are rules that enable a 
neural network to adjust to new changes in the be~avior of the system that is being modeled. 

ANNs have been applied to a wide range of problems (Wong .1997). However, the literature review conducted for 
this research did not show any applications of ANNs in modeling NAC. 

METHODOLOGY 
After identifying the factors that affect the NAC, this research proceeded by selecting parameters that measure these . 
factors in order to collect data on the NAC of different countries to be used for investigating the effect of these 
factors and their interactions on NAC. This investigation then started by using regression analysis to try to fit a 
mathematical model that quantifies the targeted effects: However, the relationship between the identified factor and 
the NAC proved to be very difficult for modeling using regression analysis. As an alternative, artificial neural 
networks were utilized because of their well-documented ability to model arbitrarily complex n,on-linear 
relationships. However, ANN s do not explicitly model the relationship between the inputs and the output, and 
accordingly, cannot be used directly to investigate this relationship. Therefore, the A~ d~velo~ed ~ this research 
is used to generate responses for a designed experiment that is used to perform the desrred mvestigation of the effect 
of the identified factors and their interactions on the NAC.· 

Data Collection 
For this research, quantitative measures are set for the three fa~tors i~entifie~ in S~c~on 3, as well as for ~e NAC. 
The index developed by UNIDO 'the technological effort and mventiveness mdex •~ used ~y the Indus~~l 
Development Report 2002-2003 (UNIDO 2003) to measure the innovation of countries. It 1s a composite mdex 
based on two indicators: R&D financed by productive enterprises and the number of patents taken out 
internationally. 

The qualified human capital factor is measured by the number of enrolments in tertiary education (t~rtiary · 
enrolments) in technical fields as a share of the population. Support ?f ~e use of the number of tertiary enr~lments 
as share of population as an indicator of human capital can be found ID hterature (UNIDO 2002 and Lankhwzen 
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1998). Vinding (2001) used an equivalent indicator at the firm level, which is the share of highly educated 
employees in the organization. 

The amount of expenditure on R&D as percentage of gross domestic product (GDP) is used to measure the R&D 
activities undertaken by the country. Cohen and Levinthal ( 1990) used a similar indicator at the firm level, where 
R&D intensity is measured by R&D spending divided by sales. Using national R&D expenditure as percentage of 
GDP as an indicator is meant to compensate for the fact that in many countries the main source of R&D funding 
( whether in industry or other sectors) comes froin governmental institutions such as research centers or universities, 
and very few industrial firms actually conduct in-house R&D activities. This is more applicable to the case of 
developing countries for which estimating technological absorptive capacity has more significance. The dimension 
of private R&D (i.e., R&D activities funded by the private sector) is taken into account in the technological effort 
and inventiveness index developed for innovation. 

The statistical data on both qualified human capital and ·R&D activities were gathered from the database of the 
United Nations Education, Science and Culture Organization (UNESCO) Institute for Statistics (UNIDO 2003). All 
the statistical data gathered were for th~ year 1998'. 

The measure developed by Girma (2002), based on the concept of Total Factor Productivity (TFP), is used to 
measure the NAC as follows: · 

NAC= TFP 
TFPmax 

Where TFP max represents the technological frontier and c'orresponds to the United States of America, which has the 
.highest absorptive ~apacity of 1. Based on the above, NAC values vary between 0 and 1. · · 

Applying Neural Networks . 
The ANN used in this research is a feed-forward back-propagation network (Rumelhart et al. 1989). 
Networks of this type are very general, can approximate accurately complex mappings (Leshno et al. 1993 
and Sprecher 1993), and possess the statistical property of consistency (learnability) for unknown regression 
functions (White 1990). The first layer of the network is composed of three neurons to receive the input data· 
of the three factors identified above. This-layer contains a log-sigmoid transfer function, which has the 
ability to receive inputs ranging from negative infinity to positive infinity and generates outputs in the range 
from Oto I. The second layer has only one neuron to represent the output (NAC). 

Data for the three input factors (innovation, qualified human capital, and R&D activities) were gathered for 29 
different countries, in addition to the estimated values of their NAC. Nine of the original cases are set aside to test 
the performance of the network and its ability to generalize. However, the remaining number of cases (20) is 
insufficient for a proper training of the neural network. Therefore, in this research, to increase the number of cases, 
random noise was added to the input factors by generating five random values for each input case within the limits 
of ±2% of the original value of the input factor. For example, if the input factor has a value of0.5 in one instance, 
other instances are created by varying the value of this factor randomly within the limits of0.5±0.001. As long as 
the amount of noise is sufficiently small, it is assumed that the change in input will not be significant enough to 
affect the performance of the network. Therefore the same target value can be used. An added advantage of adding 
noise to the data is that it protects the network from over-fitting. Over-fitting occurs when the ANN is biased 
towards the training set and loses its ability to generalize (Karystinos and Pados 2000}. · 

Using this approach, the number of cases was increased from 20 to 120, which is sufficient for the training of the 
network (Beale and Demuth 2002). The final 120 cases were divided into two sets: 100 cases for training, and 20 
cases for protection against over-fitting. After each training cycle, the over-fitting set is run through the network 
and the over-fitting error is calculated. This error is compared to the training error, and if the difference between the 
two errors is small, the training of the network continues. However, if the network begins to over-fit the data, this 
will cause the over-fitting error to increase, while the training error decreases. Therefore, if the over-fitting error 
continues to increase for a number of cycles, the training is stopped, and the weights and biases are returned at the 
minimum level of the over-fitting error. The literature for neural networks provides a different terminology for this 
set as it is usually called the 'validation set.' However, to avoid confusion with the procedure used to validate the 
results of the network, the term 'over-fitting set' is used in this paper. 
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The Factorial Experiment 

?nee th_e model is fit, a 2
3
factorial ~xperiment is used to investigate the effect of the input factors and their . 

mteract10ns on the NAC. Table 1 displays the factorial settings for the experiment. 

T bl 1 E a e xoerimental factors and their levels. 

Levels 
Factors 

Low High 

A = Innovation 0.01 0.75 
B = Qualified human capital 0.30 1.20 
C = R&D activities 0.40 4.00 

The ANN described above provided a tool with which the values of the NAC c~ be estimated for given values of 
the three input factors. It is important to underline that while the analysis of the experiment's results provides an 
understanding of the effect of.the various factors and their interactions on the response, the statistical significance of 
these effects could not be determined since runs cannot be replicated as the ANN will always generate the same 
output for the same inputs. 

RESULTS AND ANALYSIS 
NACData 
Table 2 shows a sample of the input data gathered for the three factors and the corresponding NAC, listed in an 

· ascending order ofNAC. Only a sample is displayed in Table 2 for space limitations. The sample includes 
countries at different stages of development from the main geographical regions. 

Table 2: Input data and estimated values ofNAC for sample countries. 
Qualified 

R&D Country Innovation Human 
Activities 

NAC 
Capital 

Uruguay 0.005 0.29 0.2 0.387 
Turkey 0.007 0.33 0.6 0.447 
Argentina 0.010 0.47 0.4 0.460 -
Australia 0.180 1.17 1.5 0.520 
Malaysia 0.010 0.13 0.5 0.573 
Spain 0.050 0.97 1.0 0.653 
Canada 0.210 0.69 1.9 0.713 
France 0.250 0.61 2.2 0.780 
UK 0.200 0 . .75 1.9 0.787 
Switzerland 0.800 0.51 2.6 0.853 
USA 0.750 0.68 2.8 1.000 

Validating the ANN Model 
The ANN model was implemented using MATLAB® 6.5 (The Math Works, Inc. 2002). For the purpose of 
validation, the network is presented with nine new cases from the original input data to which noise has not been 
added and that have not been used in training the network. · These nine cases were chosen to represent countries at 
different stages of development; ranging from developing countries such as Chile to developed ones like France. 
These nine input cases were run through the trained ANN to generate estimates of the NAC. These estimates were 
then compared to the actual values of the NAC and the percentage of error was calculated by dividing the absolute 
difference between the two values by the value of the actual NAC. Results are shown in Table 3. The percentage of 
error varied between 0 and 13.87%, and the average error percentage is about to 5.7%. 
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T bl 3 R fh d a e esu ts o t e testmg proce ure o fth k e neura networ . 

Country 
Actual values Values ofNAC Error 

ofNAC generated by the ANN Percentage 
Chile 0.373 0.424 13.87% 
Greece 0.433 0.455 5.31% 
Argentina 0.460 0.475 3.30% 
Portugal 0.527 , 0.527 0.00o/cr 
Mexico 0.540 0.465 13.75% 
Israel 0.633 0.629 0.48% 
Spain 0.713 0.766 7 .. 52% 
France 0.780 0.754 3.26% 
Belgium 0.800 0.766 4.23% 

A paired Mest comparing the actual and ANN generated NAC in Table 3 showed no statistically significant 
difference. To further validate the network, three .experts were asked to estimate the value ofNAC for .eight new 
countries using the original data gathered for the 29 countries as guidelines. The ANN was used to estimate the 
value ofNAC of the same eight countries. The NAC values generated by the ANN were then compared to the 
average of the values estimated by the experts. Again, a paired t-test comparing the two sets of estimates showed no 
statistically significant difference. Details of this validation analysis are not shown here for space iimitations. 

Effects Investi~ation · , · · · · 
Results of the 2 factorial experiment are shown in Table 4. The setting for each experimental run is indicate<;! in the 

. first three columns. of Table 4 by '-I' for the low level of the factor and '1' for the high level. 

fh Table4 R esu ts o t e expenmenta 1 runs. 
Factor Level* 

Response 
A B C 
-1 -1 -1 0.440 
1 -1 -1 0.633 
-1 1 -1 0.650 
1· 1 -1 0.700 
-1 -1 1 0.637 
1 -1 1 0.889 
-1 1 1 0.638 
1 1 1 0.895 

* -I indicates the low level of the factor, I indicates the high.level of the factor 

Based on the results in Table 4, Table 5 displays the effect of the input factors and their interactions on the NAC. 
As mentioned before, because the design could not be replicated, the statistical significance of the various effects 
cannot be tested. Therefore, the following discussion will focus on the practical ·significance of the effects as judged 
by their relative sizes. · 

It is clear that Factor A (innovation) and Factor C (R&D activities) have the most influence on.NAC. As for Factor 
B (qualified human capital), while having a less significant effect on the response, it still contributes positively to 
the NAC. In addition to the investigation of the single effect of the input factors, it is useful to look at the effect of 
the interaction o_f these factors on the response ( i.e. the way a factor affects the response depending on the level of 
another factor, or the way a factor affects the way another factor affects the response). Table 5 shows that 
innovation (A) and R&D activities (C) have a combined positive effect on absorptive capacity~ It is also noticed that 
both the interaction between innovation (A) and qualified human capital (B), and the three-way interaction ABC 
have small effects. 
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Table 5: Summa of factorial effects. 

A B C AB AC BC ABC 
0.75 0.28 0.64 -0.14 0.27 -0.27 0.15 

The negative interaction BC is better illustrated through the interaction graph in Figure I. The negative effect is a 
result of the fact that increasing the level of qualified human capital, while R&D activities are at their low level 
significantly increases the NAC. On the other hand, increasing the level of qualified human capital, while R&D 
activities are at their high level, does no_t affect the NAC. The logical explanation of this interaction is that as a 
country approaches the technological frontier, a large number of qualified humans are no longer required, rather a 
fewer number of highly specialized scientists are needed at this stage of development in order to conduct research at 
a level close to the technological frontier. 

Interaction 
NAC C:R&O 

09 

0.785 

0.67 

0565 

044 

-1.00 -0.60 0.00 0.50 1.00 
■ C- 0.400 
• C+ 4 .000 B: HC 

Figure I. Effect of the interaction of qualified human capital and R&D activities. 

Similarly, the AB interaction is negative (but of a smaller magnitude). At closer look at the data reveals that the rate 
· of increase in the NAC as a result of increasing qualified human capital is lower at higher levels of innovation: 
Again, the logic here is similar to the BC interaction case; closer to the technological frontier, fewer highly qualified 
and specialized individuals are needed to generate innovations that can significantly impact the NAC. 

The AC interaction is positive indicating that the highest NAC is obtained at the highest _levels of innovation and 
R&D activities. This is a logical and expected result. · · 

Generally, the results show that the presence of qualified human capital is important in the early stages of 
developing a high level ofNAC, but become less important after achieving high levels of innovation and R&D 
activities. This is consistent with the model of South Korea's development that followed four stages (Bennett and 
Vaidya 2001): 

• 1960s: Initiate science and technology education 
• 1970s: Expand technical training · · 
• 1980s: Develop and acquire top-level scientists and engineers · 
• 1990s: Higher R&D activities. 

Finally, to test the difficulty of using a regression model, a central point was added to the eight runs of the factorial 
experiment for the purpose of checking the existence of curvature. The corresponding response of the central point 
(0.887) has a higher value than the average response of the factorial experiment (0.685), which indicates second 
order effects. 
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CONCLUSIONS 
This paper investigated the effects of three input factors (innovation, qualified human capital, and R&D activities) 
on the national technological absorptive capacity of countries. Regression failed to satisfactory model the desired 
relationship and ANNs were used_ as an alternative technique. The developed ANN _was further used to conduct a 
factorial experiment to investigate the main effect of the input factors, as well as the effect of their interactions, on 
NAC. . 

Results showed that all three input factors have a positive effect on the NAC However, the innovation and R&D 
activities factors have a higher effect than qualified human capital. Furthermore, the interaction effect of innovation 
and R&D activities is positive, which leads to the conclusion that countries should focus on maximizing these two 
factors to improve their NAC. In addition, R&D financed by productive enterprises is One of the two components 
used to measure the innovation factor and accordingly, it is recommended that both public and private aspects of 
R&D activities be at the core of the policies of developing countries aiming at developing their NAC. It is also 
recommended that R&D efforts should be directed towards specific high. technology sectors that have the advantage 
of spilling over to other fields. 

The results of the research also show that the presence of qualified human capital is essential in the early stages of 
developing a high level of technological absorptive capacity, but becomes less important after achieving high levels 
of innovation and R&D activities. · 

Future research could improve on the measurement of the three input factors. As an example, the R.&D activities 
could consider the collaboration between research institutions and industrial entities. As another example, the 
qualified human capital factor was measured using the number of tertiary enrolments in technical subjects as share · 

· of population, and -thus ignores other aspects of human capital such as work experience, and the difference in the 
quality of skilled labor. Moreover, such a measure does not reflect the differences in the quality-of education among 
various countries. 
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ABUSE OF COMPUTER RESOURCES: THE NEED FOR ORGANIZATIONAL CONTROL, 
PREVENTION, AND THE PROTECTION OF EMPLOYEE PRIVACY 

Samir Y. Khoury 
East Carolina University 

ABSTRACT 
Nearly all organizations today possess or plan to possess computer resources. The Internet and other networking 
technology have enabled the orga.niz.ation to remain competitive in a global market where goods and services can be 
exchanged with little effort. Abuse of these resources can create problems for organizations. The aim of this paper 
is to address this widespread problem by explaining how orga.niz.ations can protect and control computer resources 
and in the process make an attempt to protect the privacy of their employees. Another aim of this paper is to analyze 
the methods available to monitor and control computer resources, while at the same time-stressing the need for 
written policies. This paper will culminate with a look at leadership during the whole process, because without 
leadership policies are likely to fail. 

INTRODUCTION 
Nearly all organizations today possess or plan to possess computer resources. The Internet and· other networking 
technology have enabled the orga.niz.ation to remain competitive in a global market where goods and services can be 
exchanged with little effort. Orga.niz.ations are no longer just worried about the competitor down th~. street. They 
-are now worried about competitors ·in other cities, states, 'and even other countries. The Internet has created a world 
market that continues to grow every day. This remarkable growth is expected to continue as organizations become 
·connected to the Internet. 

Within the past twenty years, the'lnternet has gone from obscurity to a necessity. Companies are now expected to 
have Internet access, email, and Web presences. As Wen and Gershuny (2005) point out, the "Internet is probab~ 
the most important global information resource today, marking as it does the convergence of our two most critical 
business tools: the telephone and the computer'' (p. 165). Corry and Nutz (2003) affirm that e-mail and the Internet 
have revolutionized industry. Capella Uni_versity (2005) and others are in agreement that "communication in 
today's organizations is enhanced and enriched by computer-aided technologies" (p.270). The common 
understanding that we rely on computers for our communication and daily tasks reminds managers that these 
resources need to be protected and utilized for their intended purposes. If organizations are to remain competitive 
they must protect their computer resources that enable them to compete in a world market. 

Individuals who work in these organizations are also affected by computer technology. Computer technology and 
the Internet has become part of our lives. · We walk around with cell phones, personal digital assistants, and laptops 
that allow us. to surf the Web from anywhere an Internet connection is present. We have become dependent on 
technology for personal communications, paying bills, homework, and. many other tasks. This dependence does not 
stop when we are at work. We are still pressured to go online and having a computer in front of us is a large 

· temptation. This pressure is so great that we are likely to use the organization's computer resources for personal 
use. 

Employees may assume they are not hurting anyone if they briefly browse the Internet. In their assumption, 
employees fail to realize management is responsible for protecting the company's interest, maximizing profits, and 
shielding the organization from legal problems. In fact, a review of the literature indicates employees are hurting 
the organization when they use the orga.niz.ation's computer resources for personal use. Using a company computer 
to conduct personal business is costing organizations money in lost productivity (Wen & Gershuny, 2005). The ease 
of accessibility to computer resources contributes to the problem. Since computers are a necessary tool in business, 
they can be found throughout the organization, making it harder for management to control this valuable resource. 

Just how widespread is the misuse of computer resources? A review of the literature indicates the problem is 
extensive (Anandarajan & Simmers, 2005). The problem is severe enough to prompt the American Management 
Association (AMA) to conduct annual survey on the problem (AMA, 2005). In the AMA's 2005 survey, they 
determined that 84% of organizations surveyed have developed written policies to combat the problem. The 2005 
survey also determined 26% of the companies surveyed terminated employees who violated their Internet use 
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policies, while ~5% of the companies surveyed terminated employees who committed e-mail abuse. According to 
Nord, McCubb~s, and Nord-Hom (2006, p.74), "62% of workers go online at work for personal reasons at least 
once a ~y, while about 20% do so 10 or more times a day". The problem is widespread at universities as· well. 
According to Cronan, Foltz and Jones (2006), the abuse of computer resources is a widespread problem and requires 
attention. The statistics above are an indication that the problem of computer resource abuse is widespread. 
Computer resource usage should be monitored, controlled, and protected by a written computer usage policy that 
protects the organization and employees' privacy. 

CONTROLLING AND PROTECTING COMPUTER RESOURCES 
Does management really need to protect computer resources? Unless an individual is versed in networking 
technology, they are not able to understand that their computer actions can negatively influence the network in 
dramatic ways, if left unchecked. One person sending personal emails may not create a problem, unless the 
individual is sending hundreds a day or sending large attachments. On the other hand, if several individuals are 
sending personal emails at the same time, then the problem multiplies and leaqs to congested networks. As a 
network administrator would tell you, congested networks are slow networks that slow everyone down. Of course, a 
slow network can lead to less productivity, since many employees now rely on computer technology to get their job 
done (Anandarajan & Simmers, 2005). Although this seemingly mundane computer use may appear harmless, it can 
slow a network down when combined with other traffic. Therefore, management has a right to monitor and control 
personal computer use. 

Network congestion is not the only problem. Viruses can be introduced into the network through personal e-mail 
and Web surfing. Viruses have shutdown large networks on numerous occasions and made national news in the 
process. It is not surprising to learn that the majority of true threats to an organiz.ation's network come from within 
the organization (Hamin, 2000). Organiz.ations go to great measures to protect their networks from hackers by 
installing firewalls and intrusion detection software and may forget that employees whether knowingly or not can 
cause serious harm to the network (Hamin). These employees are already past the frrewall. They are more 
dangerous than someone trying to find an open door. Since employees pose .a large risk to network security, 
management must monitor and control Internet and other computer usage. 

The effect on productivity is an important factor to consider, as well. Employees that are conducting personal 
business on the Internet are not getting their work done. If tp.ey are hourly workers then they are wasting the 
organization's money by getting paid and not contributing to the organiz.ation. As Everett, Wong, and Paynter 
(2004-2005) put it, efficiency and productivity might be lowered by the excessive amount of time employees spend 
sending personal e-mailing. In order to maximize profits, organiz.ations can monitor employee computer usage to 
ensure this usage is in compliance with organiz.ational policies. 

Should organizations completely outlaw personal usage of computer resources? No, they should not. Not all 
personal computer usage within an organization is bad for the organization. Some usage my improve morale and 
company loyalty in employees that don't have Intem~t access at home (Everett, Wong, & Paynter, 2004-2005). For 
example, if employees are allowed to order something online, they may nor have to take a day off or call in sick to 
go buy the item. Instead, they can make a quick purchase on their break without interfering with their job. Simply 
forbidding an employee from ever using their computer for personal use may create negative emotions which can 
lead to deviant workplace behavior, creating more problems for the organization (Capella University, 2005). 
Therefore, organizations should allow some personal computer use, if it will contribute to the organiz.ation' s 
effectiveness by increasing morale and reducing absenteeism. 

Although some personal computer use is acceptable and encouraged, Everett, Wong, and Paynter (2004-2005) 
recommend that the organization should decide what kinds of actions to allow and which to disallow. Simply 
letting members of the organization do what ever they please on the Internet is a recipe for disaster that can lead to 
all kinds of computer abuses. For one thing, employees are human and are tempted to do things that they know they 
probably shouldn't, but still do. Employees commit these wrong doings, because the rewards may be too great to 
resist. For example, an employee may be interested in following an exciting story and becomes tempted to read 
about it on the Web while on the clock. If the organization has no policy in place, the employee can spend perhaps 
30 minutes surfing the Web to find the story and then reading it, which reduces productivity. · 
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Another concern with letting employees do what they want on the Internet is that it can lead to other problems in the 
organiz.atio~ such as ~motional conflicts. Looking back to the previous example, if the employee spends 30 
minutes surfing the Web, does the employee feel bad about this_ wrong doing? It-is highly unlikely. What if the 
employee has an addiction that leads them to surf the Web for adult oriente_d content, on a daily basis? Does that 
individual feel bad about this impulse? It is probable since the employee should know that surfing the Web for adult 
materiel is strictly forbidden, assuming there is a written policy in place. This negative feeling referred to as 
emotional dissonance (Capella University, 2095) can take a toll on the employee, because the employee knows these 
actions are not tolerated and while at the same time the addiction is overwhelming the employee. Capella University 
defines emotional dissonance as inconsistent between what the employee feels and the emotion they project., In this 
example, these employees must project that they are honest and professional workers who abide by the rules while 
they know deep down they are not. Even in a situation where the employee knows that.they are not to use the Web 
to surf, regardless of content, dissonance can still occur .. They may see that they are doing something that is wrong 
yet they could justify it with a feeling of entitlement. Again, the need for monitoring is evident in order to control 
abuses and reduce the dissonance created by such impulses. 

Abuse of computer resources can affect management as well. Just like employees in an organization, management 
can also feel the effects of cognitive dissonance when they know employees don't like their computer use monitored 
and their privacy invaded. Yet, they feel the pressure to protect their interests, maximize protJ.ts, and shield 
themselves from potential liabilities. The pressure of having to discipline an employee with something as private as 
an addiction or telling an employee they are not allowed to use a computer for personal use is likely to stress most 
managers. The stress a manager may feel should be properly managed, if they are to be effective leaders. If a leader 
cannot handle such tasks, then perhaps the leadership style is not a good fit for the situation as identified by the 
Fielder contingency model (Fiedler, 1967) and explained in Capella University (2005). Since Fiedler assumes a 
leadership style is fixed and cannot be changed (Capella University) then it_ would not be in the best interest of the 
organization to allow a manager to manage a group of employees, if their leadership style doesn't fit the situation at 
hand. Capella University lists two possible solutions using Fiedler's model. The first would be to change the leader 
to fit the situation. In other words, replace the manager with someone who is a better fit. The second choice would 
be to change the situation to fit the leader. Also, organizations could accept the fact that there are some researchers 
who believe in situational leadership where leadership can be taught. 

Regardless of the option chose~ the problem must be addressed. An organiz.ation cannot afford to let employees · 
surf the Web for inappropriate content while on the job just because a manager cannot handle the pressure of having 
to deal with the issue. The manager's task is easier, if there are written policies that outline what is appropriate and 
inappropriate Internet behavior and there are proper monitoring tools in place that can quickly identity the problem. 
The good news is organizations are monitoring their employees' Internet and e-mail behavior. An analysis of an 
AMA survey discussed earlier indicates that 76% of companies surveyed are monitoring their employee's computer 
usage, while 65% of the companies surveyed use software to block inappropriate content (AMA, 2005). A 
comparison of prior year AMA surveys shows a dramatic increase in monitoring in the past few years. This is 
indeed good news for organizations who are trying to deal with the problem of computer abuse. Is it good news for 
employee privacy? 

THE NEED FOR EMPLOYEE FREEDOM AND PRIVACY 
Employees need to feel free to do their job without someone watching over their shoulder or monitoring their every 
move across the Web. Employee's job satisfaction is influenced by emotional labor that is brought about by the 
daily influences on an employee's emotions (Ashkanasy & Daus, 2002). As Ashkanasy and Daus alluded, if 
employees feel a constant pressure to behave a certain way when the entire stimulus they receive from their 
environment is in opposition to this behavior, emotions are likely to be negatively effected. If an employee is told to 
come to work and enjoy their job while at the same time they are told they are being monitored, they are likely to 
develop negative emotions. These negative emotions can lead to the types of deviant workplace behavior identified 
by Capella University (2005). Behaviors such as backstabbing or creating false rumors are all too common when 
employees possess negative emotions. Therefore, organizations should be cognizant of the negative effects that can 
be created by monitoring employees. 

Another area of concern brought to the forefront through monitoring is the risk of personal information being 
compromised. When organizations begin to gather information about their employees during Internet and e-mail 
usage, they are adding to the risk that this potentially personal information may fall into the wrong hands and thus 

504 



Proceedings of the 2007 IEMS Conference 

lead to_ an invasion of privacy or worse yet, identity theft. While the need to monitor employee's Internet and e-mail 
usage IS well ~ocumente~ and warranted, organiz.ations need to exercise good judgment and take precautions to 
protect the pnv~cy of the~ employe~s. ~ailure to exercise good judgment and implement safety measures can lead 
to costly law swtes resulting from v10lat1ons of the privacy laws described by Nahra (2006). 

While researchers such as Nahra (2006) argue for the need to protect the organization against costly lawsuits 
resulting from violation of privacy issues, others such as Nesson (2001) argue against the need to monitor 
individuals to begin with. Proponents of privacy like Nesson assert that the Internet itself created this surveillance 
problem that is deeply affecting our privacy. We are no longer immune from surveillance. Everything that we now 
do in public has the potential of being caught on camera. Our e-mails and every click of our mouse can now be 
trackep and kept for others to analyze at a later date (Nesson). As Nesson put it, everything about us is being 
gathered by businesses and government. While the need for surveillance in organizations is widely recognized, 
Nesson ar~es that people should take action to protect what little privacy we still have left. 

Despite Nesson's (2001) concern for privacy, it appears that most people hav~ become accustomed to monitoring. 
Perhaps employees know that they may be watched everywhere they go so they feel it does not do any good to try to 
fight back. Employees are not likely to complain about being watched at work because research has shown most 
were made aware they are susceptible to surveillance, while using the employer's computers (AMA, 2005). If they 
are not formally notified does not mean they don't know they could be monitored. Nolan (2003) believes that every 
sensible employee should be aware of the potential for monitoring. 

While the debate for and against monitoring and its influence on privacy continues, the number of organizations 
with computer usage policies continue to climb. As noted earlier, the majority of medium to large organizations 
have computer usage policies in place and employees are aware of them. AMA' s (2005) annual survey concluded 
that 80% of employees are aware their computer use can be monitored by their employer to protect them from 
legislation and other problems such as those identified by Anandarajan apd Simmers (2005) . That is good news for 
employers, but is it good news for privacy advocates like Nesson? No, but this finding indicates that employees are 
consenting to some invasion of privacy by knowingly using an employer's computer. 

Merely giving an employer the consent to monitor your Internet and e-mail use does not mean the employer can do 
anything they want with the data that is gathered. They carµiot sell it to another organization without your consent 
since there are laws that protect you from such abuses (Nesson, 200 I). On the other hand, employers do have a 
right to protect their interests and the right to monitor your usage (Andrisani, 2000). Since employers have this 
right, they should use good judgment in managing this authority. As Hartman (2001) pointed out, organizations 
should ask themselves if their actions are legal, ethical, and what affect will it have on employees. 

Simply knowing that an employer knows something about the employee can feel like an invasion of privacy to the 
employee (Hartman, 200 l ). Employees are humans that have emotions. As discussed earlier, organizations must be 
mindful of this fact and exercise caution while monitoring and collecting data on employees. Organizations should 
safeguard this information and use it for its intended purposes; to protect company resources and safeguard the 
organi7.ation's interests. It should never be used to discriminate against anyone. Having a computer usage policy in 
place that is detailed, addresses the punishments applied for violations of the policy, and outlines the storage and 
safekeeping of collected data should prevent misunderstanding between employers and employees. 
Misunderstandings could lead to negative emotions and perhaps unhappy employees, because emotions are a critical 
factor in employee behavior (Capella University, 2005) .. If organizations are to control employee behavior they 
need to try to reduce negative employee emotions through careful application of policies. 

MONITORING AND CONTROLLING COMPUTER RESOURCES 
Since the abuse of computer resources has been determined to be extensive, the need for management to control it, 
and the need for privacy have been established, a discussion of the tools available to monito~ an~ control computer 
resources is in order. Organizations have many options available to them. One of these options IS deployment of 
employee computer monitoring software. "Monitoring software allows employers to see, measure, and manage 
employees' computer systems, monitors, disks, ~oftwar~, e?1-~il, and Web and Int;rnet access" ~or? et al., 2006, 
p.77). Computer monitoring software can run virtually mvisible on an employees computer whtle It tracks every 
click of the keyboard or mouse, making a detailed log of all activity (Nord et al.). 
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Another option available to organizations is provided within network operating system software. For example, Web 
server software can block access to restricted sites and log attempts to access those sites. Operating systems like 
Microsoft' Server 2003· can create a log file of all events occurring within the network. This file can be analyzed to 
determine the events taking place within a network, using database software such as Microsoft Access. Networking 
equipment, such as routers, can also be used to prevent access to restricted locations on the Internet. There are many 
options available to network administrators, and most should be versed with these options. 

One of the options available to organizations can be considered drastic by effectively preventing any web surfing. 
This option would be configured on a network server to push out a mandatory user profile when the user logs on to 
the work computer. The mandatory profile would restrict Internet access and only allow what the administrator 
wants to run on the computer. For example, if an employer wanted to prevent a customer service associate from 
doing·anything other than taking customer orders, the employer can. By completely blocking access to everything 
else, an organization may be turning an employee's job. into a boring rolltine where the individual performs the same 
task over and over leading to job burnout. Obviously, -this option can prevent most abuses, but it can also lead to 
lower job satisfaction and may ultimately lead higher turnover making the effectiveness of this option questionable. 

The available body of literature indicates the best option available to management is to prevent the abuse of 
computer resources_through formal, well-written, and reasonable policies that can be enforced. These policies 
should be detailed enough to prevent ambiguity. As a minimum, they should include the eiglit items identified by 
Nord et al. (2006). One of these items should state that "electronic communication facilities provided by the 
company are owned by the company, and should be used solely for company business" (Nord et al., p.76). This 
simple statement do·cumented and read by employees can protect the organization when a violation occurs and an 
employee must be terminated. 

Some organizations may think computer usage policies don't need to be written or are simply neglecting the 
responsibility to develop written policies. AMA's (2005) survey mentioned earlier, determined that almost 20% of 
the businesses they surveyed did not have a written policy. These organizations are setting themselves up for legal 
complications, when they try to terminate an employee for doing something inappropriate on a company computer. 
They don't have any proof the employee was not aware of the policy, since no policy exists. 

Verbally telling an employee when hired that the company computers are for business only, and what the employee 
can and cannot do on it, may or may not be comprehended. Although oral communications is the chief form of 
communication, it does carry some limitations (Capella University, 2005). Capella University identifies one of 
these limitations as the potential for the message to be distorted as it is passed down the communication channel. 
The problem can get worse, if there is a great deal of information to remember. Capella University refers to this 
problem as information overload, because individuals can only remember so much. This is the reason we often 
forget the driving directions given by someone on the street. By the third or fourth instruction to turn, we have 
forgotten, if we are to tum left or right. For this reason alone, verbal communication of a computer usage policy is 
not practical. 

Even written communications have their limitations (Capella University, 2005). Not all written information is 
understood all the time, either. For example, some people interpret the meaning of words differently than others. 
For example the words "acceptable behavior'' could have a different meaning to others. It will depenq on the 
person's background, culture, and beliefs. In other words, if you write in your computer usage policy that only 
acceptable behavior is tolerated on the Internet, then you are creating the potential for many different types of 
interpretations. A person in their late teens may have a totally different view of what is acceptable than a person in 
their fifties, because a teenagers emotional maturity is less developed than the emotional maturity level of a person 
in their fifties. 

Since there may be a potential communication problem with such a critical policy, a combination of written and 
verbal communication should be used. The policy should be written well enough to avoid misinterpretations, to start 
with. Employees should be briefed on the policy after they have had the opportunity to read it. This discussion of 
will allow immediate feedback that is not available in written forms of communications (Capella University, 2005). 

Although having a written policy is enough to legally protect the organization (Bums, 2002), it is not enough to 
prevent computer abuses. In order for a policy to be effective, it must be well known and understood. Employees 
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are ~on~tantly fe~ information from the time they join until the time they leave the organization. As discussed 
earh~r, information ov~rload c3:11 occur and lead to someone forgetting what the policy really is. Managers should 
provtd~ refresher meetings to d1s~us~ the policy and provide members of the organization with statistics on the abuse 
occumng and the steps the orgamzat1on has taken to correct the problem. This constant feedback will ensure the 
comm~i~ation chann~l _remains open and employees feel they are part of the process, and not just as members on 
the rece1V1D~ en_d. This mvolvement should reduce incidents of abuse and help to establish group norms acceptable 
to the organtzation. 

Leadership is also an essential ingredient that contributes to the success of the policy, and ultimately the control of 
the problem. As Capella University (2005) emphasized, leaders can make a difference in an organization by moving 
the org~tion in the right direction. If leaders are effective, they will inspire their employees to overcome hurdles 
(Capella University) . . Getting employees to stop abusing computer resources and abiding by the organization's 
policy is a major hurdle, which requires effective leadership. 

Another problem leaders may encounter during implementation of the new policy may come from employee 
perceptions. Employees who are monitored will feel the employer does not trust them and is invading their privacy 
(Firoz, Taghi & Souckova, 2_006). Realizing that in addition to being monitored, the employee has to acknowledge 
receipt of a computer usage policy can create negative feelings toward management. It is the leader's responsibility 
to ensure the organization overcomes this negative perception. Leaders must convey a-message of trust, the need for 
compliance, and show how the organization as a whole will benefit, if everyone respects the policy designed to 
protect the organization and everyone in it. Leaders should formally address their employees and discuss the 
organization's motivates for creating the computer usage policy. Of course, not everyone in the organization will be 
accepting of this message. Some may still feel they are not trusted. Regardless, it is in the best interest of the 
organization to try to lesson the negative effects this policy can create. 

Which traits must a leader have to ensure effective leadership while impleµ:ienting the new computer usage policy? 
This question is not an easy one to answer. According to Capella University .(2005), earlier studies to .isolate which 
traits contribute to effective leadership have lead to weak conclusions or dead ends. Capella University concluded 
that over twenty years later, gr~at strides have been made in the study of leadership traits. They contend that the 
biggest gains where made as a result of applying the Big-Five model to the study of leadership traits. They list these 
five traits as extroversion, agreeableness, conscientiousness, emotional stability, and openness to experience. After 
analysis of the body of literature, Capella University concluded that it is easier to predict leader~hip emergence than 
it is to predict leadership effectiveness, when a leader possesses a high extroversion trait. In other words, we may be 
able to tell which people will likely emerge as leaders in the future, if they possess extroversion than we can really 
determine if a leader who possesses extroversion is effective. Using this frame of analysis, it is safe to say that 
leaders within the organization who are introverts may have a harder time getting members of the organization to 
accept this new policy. Can we say for sure this will happen? According to Capella University and researchers 
before them, no, we cannot determine for sure. Nonetheless, an organization without a computer usage policy is 
worse off than those with one. Even if effective lead~rship is absent, organizations gain more protection from a 
written policy than they would without one. 

CONCLUSION 
The body of literature and the arguments niade here are enough to show the computer abuse problem is widespread. 
Despite this realization, some organizations still don't have a computer usage policy to protect them from legal 
problems and wasted productivity, caused by the misuse .of computer resources. Despite the overwhelming evidence 
pointing to the need for a written policy, nearly 20% of organizations don't have one (AMA, 2005). Organizations 
that don't have a policy should develop one that meets the conditions discussed here. 

Controlling computer usage within an organization requires the monitoring of employees _wi~ the_ org~~tion. 
As the examples above point out, whenever monitoring takes place, members my feel therr pnvacy ts bemg mvaded 
which should encourage organizations to use good judgment in their monitoring practices, and protect ~e ~rivacy of 
their workers. As the arguments presented here show, employees who feel they are not trusted and therr pnvacy 
invaded can develop negative emotions. Leaders need to quic~y identify neg~ti~e e~pl~yee behaviors caus~~ by 
negative emotions and address them through effective leadership or the organization 1s likely to suffer. Despite the 
attempt to control negative emotions through leadership, some organizations will still fe~l the ef!ects ofthes~ 
negative emotions, because organizations cannot guarantee the success of an~ leader durmg the tmplementatlon of 
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new policies. Regardless, organizations should keep-iJi mind that computer resources are critical resources that need 
to be controlled and protected or the _organiz.ation will be susceptible to many of the problems discussed here. 
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STRATEGIC IT-OUTSOURCING: IDENTIFYING THE CRITICAL SUCCESS FACTORS FOR 
LASTING OUTSOURCING PARTNERSHIPS 

Artellia Moss, Nikhil Mehta and Colin Benjamin 
Florida A&M University 

ABSTRACT 
?ntsourcing i~ an in~ispensa?le strategic choice for business firms. A considerable ·portion of global outsourcing 
mdus_trY cons1s~ of mfonnation technology (IT) outsourcing. Though growing exponentially, IT-outsourcing still 
remams a daunting challenge for most firms. We review IT-outsourcing literature to identify key factors for 
successful outsourcing partnerships in Pharmaceutical industry. 

INTRODUCTION 
The observation by Grossman and Helpman (2003: 1) that "we live in an age of outsourcing" clearly indicates how 
prevalent it is today in business. Almost all major firms use some form of outsourcing and the trend is ever growing. 
In some cases, organizations. are outsourcing their entire global back-offices, including functions like information 
systems development. Generally, outsourcing refers to transferring the operational ownership of one or more of its 
functions (by the firm or client) to an external provider (or vendor) (Ghosh & Scott, 2005). Outsourcing has been 
categorized as human resource outsourcing, financial and accounting outsourcing, insurance outsourcing, and so on, 
based on the business functions being outsourced. When the functions being outsourced are related to information 
technology (IT), it is termed as IT-outsourcing. 

In recent years, IT-outsourcing has grown phenomenally due to Internet technology, development of IT
infrastructures, availability of IT professionals at lower costs in the developing countries, and a high demand for IT 
professionals in developed countries (Pati & Desai, 2005). Gartner Dataquest (2003) reported a $536 billion global 
IT services market to be $707 billion in 2007. Outsourcing oflT work can typically offer 20-30% cost savings along 
with domain expertise and operational excellence for the clients (Fish & Seydel, 2006). As a result, outsourcing of 
IT work is now a common business practice among U.S. firms. A recent study indicates that IT-outsourcing by U.S. 
firms will continue to grow in the coming years (Fish & Seydel, 2006). 

Thus, IT-outsourcing offers a number of benefits to the client and this has resulted in an increasing number of IT
outsourcing contracts being signed over the past few years. But not all client and vendor contracts are successfully 
executed. There is a high failure rate and client-vendor (C-V) associations are often marked with numerous 
challenges. These failed C-V partnerships not only hinder clients' growth opportunities, but also carry heavy 
transitions costs including early termination costs, switching costs, relocations costs, and so on (Goo et al., 2007). 
The vendors are also negatively affected in terms of lost profits, lost reputation in the market, and diminished 
employee morale. Thus, it is important that client and vendor firms understand what factors are important to the 
success of IT-outsourcing relationships. They can thep focus on these factors to establish long-lasting partnerships. 

A number of factors such as relational, operational, and cost- and quality-related factors may influence the success 
ofC-V partnerships. A majority of these factors would require a collective approach to problem solving by the client 
and their vendors. For example, relational view of outsourcing emphasizes on shared goals and mutual 
understanding between client and vendor as an important factor (Dyer & Singh, 1998). Other factors reported to 
influence the performance of outsourced IT-project include vendor staffing, schedule and budget management, 
change management, and so on {Taylor, 2006). Although these studies enhance our understanding of common 
issues associated with IT outsourcing, specific success factors of client-vendor relationships still need to be 
examined. This study is an attempt in this direction. 

In this study, we review an array of existing literature to gain insights from previous research in IT ou~ourcing. 
Several studies identified best practices in IT-outsourcing, while others p~ovided general in~ormation ?n suc~essful 
outsourcing relationships. The literature reviewed for this study was_ obtame~ from acade~1c so~ces mcludmg 
scholarly journals as well as magazine publications. In the next section, we discuss the maJor cnt1cal success ~actors 

for IT-outsourcing partnerships. 
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CRITICAL SUCCESS FACTORS FOR IT OUTSOURCING PARTNERSHIPS 
After reviewing previous studies reg~ding IT outsourcing partnerships among suppliers and vendors, eleven critical 
success factors for effectively structuring and managing these relationships we:r;e derived. -

Relationship Management 
A collaborative relationship is vital for success in IT outsourcing. Pre·vious literature suggests that relationship 
management encompasses partnerships, positive exploitation, relationship specific investment, customer and 
outsourcer interface at multiple levels, the ability to deal with differences in a constructive fashion. and people 

· management. Establishing levels of partnership can prove to be a successful strategy. IT service providers can 
maintain four different types of partnership (commodity, provider, partner, advisor), distinguished by focus on cost 
or competence. [n tenns of relationship exploitation, a secure common norm re1evanno both parties should be 
esta}?lished in the outsourcing relationship (Gottscha1~ 2005). 

Several studies agree on the importance of strategic relationship management. Establishing and implementing 
procedures to manage issues and their resolution is a common thread among experts. Relationship management 
needs to be seen as a role to be assumed by selected executives and managers of both parties for proper oversight. A 
group should be established to monitor and maintain the overall health and success of the outsourcing relationship 
between the customer and the service provider, including both business and relationship issues. Another later study 
asserts that the interfaces between customer and outsourcer are very complex and should occur at multiple levels. 
At the most senior levels, there must be links to deal with major issues of policy and relationship restructuring, while 
at lower levels, there must be mechanisms for identifying and handling more _operational and tactical issues 
.(McFarlan, 1995) . . 

Relationship-spe.cific investment is defined as the degree to which outsourced IT activities require knowledge, skilJs, 
technologies, and other assets that are specific to the requirements of a client firm. Since it requires time and 
sustained effort to develop highly specific assets such as specific domain knowledge, longer-duration contracts may 
be preferred when outsourcing transactions involve relationship-specific investments. Further, the existence of.. 
relationship-specific investments generally leads to a situation of a locked-in relationship (Goo et al., 2007). 

Contract Flexibility and Completeness 
Flexible contract terms among firms and suppliers are a common theme throughout several studies. Evolving 
technology, changing economic conditions, and emergence of new competitive services make the alliances' 
cognitive and strategic fit absolutely crucial. If there is mutual interest in the relationship and if there are shared 
approaches to problem solving, the alliance is more likely to be successful (McFarlan, 2006). Outsourcers must also 
allow for flexibility and change as their relationship with a client matures over time. Long-term arrangements must 
be amenable to changing market conditions, technologies, and customer demands (Webb, 2005). Flexible behavior 
in terms of adjusting to changing needs of client certainly help gain and maintain trust (Verner, 2006). Additionally, 
advice is given to highlight the importance and flexibility of the outsourcing contract and the fact that the more 
detailed the contract is the better. Organizations are cautioned against incomplete contracts and service level 
agreements, which might lead to a situation where the goals are interpreted in the wrong way (Poyhonen). 

The basis for the successful outsourcing vendor/client relationship begins with the formulation of the contract. The 
contract should address the specific products ad services to be delivered, how and when they will be delivered, the 
terms of payment, and what the vendor, will provide if the firm fails to live up to the contract. The client should 
stipulate in the contract that in the outsourcing firm has access to what information, which has the authority, and 
how conflicts will be resolved. It should detail the specific targets that must be met by the outsourcer and 
establishes a system for monitoring these targets throughout the relationship (Los Angeles Times, 2002). Both the 
vendor and the client must be in agreement concerning the scope and structure of the project, a requirement of a 
successful relationship that the contract helps ensure. That said, the contract itself must be perceived by both parties 
as fair and mutually beneficial. Fully defining the expectations and abilities of both parties and thereby laying to rest 
idealistic or misunderstood expectations is critical to the success of a client/outsourcer relationship (Webb, 2005). 

Cost Savings 
Cost savings seem to be the overriding cause of IT outsourcing (Gottschalk, 2005). Accordingly, economic benefits, 
including transaction and production cost savings, have been identified as a critical success factor in IT outsourcing 
relationships. The economic benefit factor of IT outsourcing is defined as an organization's ability to increase its 
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valu~ ~y ~creased p~ofits, decreased c~sts, and/or accelerated capital flow (Dahlberg, 2006). The organization has 
to mmumze ~action costs b!' re~ucmg the need for lasting specific IT assets, increase transaction frequency, 
reduce ~omplexity and uncerta~ty m IT tasks, improve perfonnance measurements, and reduce dependent on other 
transactions. ~o reduce production costs, the organization has to integrate and exploit IT services from the vendor 
in a cost effective way to produce competitive goods and services (Gottschalk, 2005). 

Organizational Structure 
The organizational structure comprises roles, functions and the necessary reporting and decision structure in the new 
org~on. Th~ org~izational structure also clearly defines the responsibilities for dedicated topics on outsourcer 
and service proVIder side (Gewald, 2006). The outsourcing relationship should be explicitly organized at the 
strategic, functional, and operational level. The success of the overall outsourcing transaction will considerably 
depend on how well both parties are capable of covering the required roles, establishing joint structures and building 
up joint processes at both ends of the two organizations. Therefore, the "right team" at the "right levels" in the 
respective organizations will be the cornerstone for building strong, long-tenn relationships at all levels (Gewald, 
2006). 

Open and Effective Communication 
Communication and cooperation between a client and their outsourcer allow for the formation of mutual respect and 
understanding, qualities, which can greatly increase the longevity of an outsourcing relationship (Webb, 2005). 
Communication strategies should be outlined in advance and communication procedures specified in the outsourcing 
contract. Details on how the two parties should communicate to assess performance and take necessary remedial 
action. Frequency of reporting and the content of reports should also be outlined (Piachaud, 2005). 

Sourcing involves a combination of face-to-face and remote interactions. Interactions between clients and service 
providers need to be managed in order to effectively perform work. Ambiguity or lack of clearly defined roles and 
responsibilities for both client and service provider personnel can impact the effectiveness of their interactions 
(Hefley, 2006). 

Governance and Control . 
In dealing with large, complex, long-term relationships, scholars aad practitioners recognize the importance of 
establishing a governance model that facilitates the continue~ alignment of the delivered services with the 
customer's strategies and goals and supports the overall customer service provider partnership. The three 
cornerstones of governance are Organizational Structure, Joint Processes, and Relationship Management. A 
governance model provides an overarching structure, which helps to support the business objectives of the customer 
on strategic, functional and operational levels. The governance model defines "what to do", "how to do it", "who 
should do it" and "how it should be measured". It addresses the rules, processes, metrics and organizational 
structures needed for effective planning, decision-making, steering and control of the outsourcing engagement in 
order to mitigate the risk inherent in any outsourcing·relationship (Gewald, 2006). 

~~~~ . . 
Vendors and organizations enhance their chances of success by increasing service quality (Grover, 1996). This 
entails. all aspects of the service provided from timely delivery, vendor capability~ innovation, tec~ical ex~e~se, 
and a vendor's ability to meet and exceed a firm's expectations. Successful providers manage service contmmty by 
effectively controlling and preventing problems during service delivery, preparing and responding to ~eats and 
coordinating the transfer of service during periods of transition (Hefley, 20~6). Furthennor~, the ~echm~a1 
competency of service providers is an indispensable factor for success of client-vendor relationships (K1shore, 
2003). 

Mutual Trust 
Building a trusting relationship with stakeholders is critical to success, especially in ~lobal s~urcing. B!' managing 
expectations and effectively responding to personnel, clients, and end-users, the service provider ~stabhsh~s ~t 
with its stakeholders to help establish long-term relationships (Hefley, 2006). Cultura~ unders~dmg, creditabihty, 
capabilities, and personal visits are important factors in gaining the ini!ial trust ~fa chent, ~htle cul~l . . . . 
understanding, communication strategies, contract conformance, and tunely dehvery are vital factors m mamtalillllg 

that trust (Nguyen, 2006). 
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Partnership is an important variable for outsourcing. It mediates the relationship between outsourcing and success. 
The relationship, however, is only partially mediated. This suggests that, in general, while outsourcing can lead to a 
partnership that fosters success, it might be important to try to cultivate a partner~hip with a service provider at the 
ou~et of the relationship. The strong relationship between partnership and outsourcµig success indicates that 

· fostering a long-term interactive relationship based on trust, communication, satisfaction, and cooperation is critical 
to achieving the greatest benefits from outsourcing (Grover, 1996). 

Compatibility 
Assessing the compatibility of the respective cultures of collaborating organizations has been frequently stressed as 
meriting serious consideration at the outset of any collaboration. For organizations to work together, it is imperative 
that there be some degree of cultural fit and compatibility between them. The importance of collaborating with an 
organiµtion with a compatible culture and mode of operation, as well as complementary strengths and expertise, 
based on mutual understanding between partners, cannotbe overemphasized. However, as any differences in culture 
and operating styles between partners are likely to emerge only as the collaboration evolves, much depends on being 
able to identify such differences quickly and to resolve them effectively (Piachaud, 2005). 

Knowledge Sharing and Acquisition 
Knowledge and information sharing in outsourcing relationships are beneficial for both parties involved and it is 
important to design relationships with adequate mechanisms for information sharing between both-partners 
(Kishore, 2003). Active knowledge acquisition routines will obviously strengthen and stimulate clients' attempts and 
involvement in learning new skill sets pertaining to the outsourced IT activities. that the vendor -is p~tfonning. They · 
w_ill allow the firm to reap benefits from their outsourced projects, and client firms are more likely to continue their 
outsourcing engagements with their current vendors resulting in longer duration of outsourcing relationships (Goo et 

. al., 2007). 
IMPLICATIONS 

Focused efforts by pharmaceutical firms to reduce costs and increase operational efficiencies have stimulated a 
growing popularity of outsourcing. Outsourcing provides a mechanism for leveraging risk, plus the flexibility to. 
adapt to rapidly changing· conditions. By working with a wide range of outsourcing partners, pharmaceutical 
companies can cope with uncertainty and exploit emerging opportunities as a result of new partnerships (Richards, 
2004). 

This study examined existing literature to identify and recommend critical success factors for IT-outsourcing in the 
pharmaceutical industry. A review of 14 academic studies indicated that a number of commonalities existed among 
researchers and experts in regards to best practices in IT-outsourcing. After compiling and reviewing previous 
research, our findings revealed 10 factors that were collectively identified as critical for lasting, successful 
outsourcing relationships (see Table 1 ). 

More than half of the works reviewed recognized relationship management, contract flexibility and completeness, 
and cost savings as influential components for outsourcing success. Mutual trust and supplier's capability and 
expertise to provide quality ·service were also highly regarded among half of the studies reviewed. Each critical 

. factor was identified by at least three studies, asserting that these elements are agreeably essential to the long-term 
success of an outsourcing relationship (see Table 2). 

This research is instrumental in providing a comparative analysis of existing work in this subject area as well as 
identifying overlaps in research findings. These best practices provide a framework that firms can follow in order to 
reap the benefits of successful, Imig-lasting outsourcing partnerships. Finally, it should be noted that this study 
serves as a stepping-stone for future research. The list is not exhaustive; however it does provide a solid research 
base. Recommendations for future examination include implementation of these best practices followed by their 
evaluation post-execution. 

CONCLUSION 
In this study, we reviewed the current outsourcing literature to identify the factors that are critical to the success of 
IT-outsourcing partnerships. Ten clear factors emerged that were repeatedly cited in the studies. These.factors 
pertained to client-vendor relations, organizational structure and processes, costs, service contract and delivery, etc. 
Both client and vendor must be actively involved in identifying these areas and managing them effectively so as to 
enjoy a long-lasting, fruitful IT-outsourcing partnership. 
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Table 1: Critical Success Factors for Lasting Outsourcing Relationships 

S.No. Factor 

I Relationship management 

2 Contract flexibility and completeness 

3 Cost savings 

4 . Organizational structure 

5 Open and effective communication 

6 Governance and control 

a. Performance Evaluation 

7 Service Quality 

a. Capability and Expertise 

b. Technology 

c. Core Competencies 

8 Mutual trust 

a. Partnership 

9 Compatibility 

a. Cultural Fit and Understanding 

IO Knowledge sharing and acquisition 

Note: The critical success factors have been derived from review of previous literature based on the frequency with 
which these areas were cited in the literature as being important to IT outsourcing and outsourcing partnerships. 
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Table 2: Summary of Examined Literature (X denotes the mention of the corresponding area in the cited study) 

Critical Success Factors 
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NEW TECHNOLOGY ADOPTION: STRATEGY AND SCANNING BEHAVIOR AND 
T~IR IMPACT ON FIRM PERFORMANCE 

Michael Stoica 
Washburn University 

ABSTRACT 
· Successful adoption of new technology, in particular mobile commerce, is dependent upon variables such a;s: 

organizational culture, business strategy, as well as their surrounding environment. Hypotheses that investigate the 
relationships between the above variables in the context of the new technology adoption process are fonnulated. A 
sample of businesses from the Midwest that adopted, or are in the process of adopting, wireless technology was used 
to test the hypotheses. The methodology, the results, arid the managerial implications are discussed . 

. NEW TECHNOLOGY ADOPTION 
Adoption of new technology by businesses is a dynamic process, not well understood, with complexities that draw 
from the business environment, the organizational culture of the firm, its business strategy, and many other 
dimensions (Egan, Clancy, and O'Toole, 2003). The adoption process is fast. As new (info~ation) technology 
becomes cheaper and more accessible, the competitive advantage early adopters had at the beginning, is dissipating 
(Johnston and Vitale, 1988) . 

. Information and communication.technology, such as e.:.commerce and m-coinmerce, has been widely embra~ed by 
businesses both small and large. Across industries firms have adopted wireless business initiatives to better manage 
their internal processes as well as their interfaces with the environment. By understanding the determinants of 
business perfonnance firms can better formulate their business models and comprehend how a technology, such as 
the Internet, impacts the firm• as well as how companies can exploit new technology {Afuah and Tucci, 200 I). 

The organiz.ational adoption process has been defined as the adoption of an internally generated or purchased device, 
system, product, or service that is new to the adopting organization (Daft 1982). Wireless echnology adoption 
represents a particular case of the broader technology adoption. Antecedents of technology adoption can be 
classified as relating either to economic motivation or characteristics of the business or to its external environmen£ 
(Wu, Mahajan, and Balasubramanian, 2003). 

Businesses adopt innovations to gain competitive advantages or capabilities. The literature has defined specific 
characteristics and conditions that facilitate the adoption process. These include functional differentiation (Afuah and 
Tucci, 2001), administrative intensity (mentioned by Wu, Mahajan, and Balasubramanian, 2003), external and 
internal communication, and vertical integration (Chrisman, Bauerschmidt, and Hofer 1998). Environmental factors 
that have been identified as antecedents of innovation adoption are: (a) competition, the fear to be left behind, the 
perceived need to keep-up (Morace, Francesco, Lucia Chrometzka 200 I), (b) consumers and suppliers, that may 
demand the adoption of a new technology that they perceive will reduce their costs, or increase their benefits. 

Intensity of New Technology Adoption 
Mobile Commerce applications are evolving with a wide variety of procedures in use. Applications have been 
developed for existing mobile platfonns including laptop PCs, PDA's, telephone handsets and specialty pagers. 
Mobile applications have focused on: (a) delivering existing Internet services to the mobile customer; (b) using 
location sensing to deliver location based information, (c) using location sensing for tracking (fleet services, 
automobiles, pets, etc.), (d) using broadband to deliver mobile entertainment content (music, games, etc.). 
Application coverage is not universal and is constrained by the size, location and technology used by the mobile 
infrastructure provider. Low-End Applications {LEA) include email, web browsing and information services. High
End Applications {HEA) include transactions, inventory management, supplier-buyer relationship, interactivity, etc. 
SMEs can choose, and several have already chosen, between adopting LEA and HEA. In time those who adopted 
LEA will move to the more sophisticated and more profitable HEA. High intensity adoption is determined by HEA. 
Low intensity adoption will characterize firms that adopt only LEA. 
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Information search frequency is represented by the number of times managers receive data about the environment 
(Hambrick, 1981). Fahey, King and Narayanan (1981) observed that managers could obtain information along a 
continuum ranging from irregular to continuous gathering. The irregular approach is a reactive, spot behavior that 
involves external cues to force management into action. By contrast, continuous scanning is a perpetual, systematic 
and proactive approach to search relevant environmental information. 

Some researchers suggested that the level of environmental uncertainty and the availability of resources within an 
organization affect the extent of scanning activities undertaken by managers (Boyd and Fulk, 1996; Milliken, 1987). 
Mal}.agers routinely use information search to reduce uncertainty. When the environment remains relatively stable or 
changed in slow cycle, managers at SMEs would commit fewer resources to information search, therefore longer 
cycle time. Higher environmental turbulence generally elicits more frequent scanning efforts Chakravarthy, B. 
(1997). Under such conditions, SMEs decision makers need more information to define problems, generate and 
evaluate alternative solutions (Elenkov, 1997). 

We hypothesized for all SMEs (both LEA adopters and HEA adopters) that a firm's strategy affects its performance 
(Black and Boal 1994; Sansberg, 1986). Strategies are more desirable if they create or exploit asymmetries among 
firms and contexts (isolation from rivals, low cost provider). As mentioned by Barrett and Weinstein (1998) and 
Landstrom (1999) a substantial amount of literature on new venture performance does exist although it has more in 
common with psychology and economics than with strategic management research. Schumpeter (1934) and later 
Birch (1987) and Reagan (1985) analyzed the determinants of new venture performance. 

Strategy configuration (such as isolation from rivals, low pricing strategy, brand loyalty) and links between strategy, 
structure, and performance have been studied by Ward, Bickford, and Leong (1996), Shane (1996) and 

· Castrogiovanni (1996). Strategy and organizational adaptation and their influence on performance were the topic of 
several other studies among such as Miller, Lanr, Milliken, and Korn (1996), Jennings and Seaman (1994). Findings 
show that businesses with particular levels of adaptation (speed of response, brand loyalty) tend to have specific 
strategy-structure arrangements, which influence performance. Firms with an optimum strategy-structure match tend 
to have higher performance. Size is thought to have an effect and thus, the case of SMEs is of particular importance. 

H 1. The better the firm is isolated from its rivals the higher will be the small business performance. The 
relationship will be stronger for LEA businesses 'than for HEA businesses. 

H2. The extraction of temporary profits will negatively affect business performance. The relationship will 
be stronger for HEA businesses. 

H3. Low pricing strategy is negatively related to business performance. The relationship will be weaker for 
the LEA businesses than for the HEA businesses. · 

H4. The higher the brand loyalty the higher the performance (stronger for HEA). 

H5. Speed of response and performance are directly related (stronger for HEA). 

517 



Proceedings of the 2007 IEMS Conference 

MEffiODOLOGY 
We polled over 900 businesses in part of rural Midwest to better understand the struggle local companies have with 
new technology adoption, especially mobile commerce. The questions asked rehite to wireless technology devices 
used, applications implemented, .or planned for the next two years, motivation to ~e wireless technology, and 
changes needed to expand their usage of wireless business. Other questions refer to the market and business 
environment (including government regulations and components of economic readiness as defined previously), its 
degree of turbulence, their business strategy, and their business performance. 

The frame was given by the list of businesses provided by the state Chamber of Commerce. We sent the suryey to 
987 small and medium-sized firms and got a 21.3 percent response rate. Results are shown in Tables 1 and 2 .. Table 
1 shows the wireless technology devices businesses use or plan to use in the next year (the survey was administrated 
in 2002-2003). Almost all firms polled use cellular phones (89.7 percent). 

Wireless networks are used only by early adopters. Table 2 shows the business applications already implemented or 
planned to be implemented in the near future. Over 20 percent of all businesses have no application implemented. 
However only 8.5 percent will not ~plement any type of application for the next two years. While 
emailingi'calendaring and web access are widely used (over one third of businesses), information services are used 
only by early adopters. Wireless operations management and interactive transactions are just_ ~merging as options for 
business use. 

Table 1. Wireless Technology Used for Business. Sampling Results 

Technology Already in Use in less Cumulative Comments 
· ·Use than one year Percent 

(%)* (%)* (%) 

Cellular Phones 89.7 2.9 93.6 Close to achieving saturation 

Wirele~s PCs 16.9 18.2 35.1 Rapid increase in adoption - the 
technology is moving towards mass 
adoption 

Wireless 13.3 16.0 29.3 Rapid increase in adoption ( almost 
Networks all early adopters use the technology) 

Wireless PDAs 20.9 15.0 35.9 Increase ( slower than the other 
technologies) in adoption 

Other Wireless 4.7 9.4 14.1 
Devices 

* percentage of businesses in the sample using or planning to use the technology (213 valid responses- see sample 
description) · · 
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Table 2. Wireless Business Applications. Sampling Results 

Application Type Already Planned to be implemented Commen~ 
implemented In one year In two years 

{%)* {%)* (%)* 
None 20.2 8.5 8.5 Many firms do not use 

any type of wireless 
application in conducting 
their business 

Remote Access -~ EmaiVcalendaring 36.6 6.6 11.7 Widely used 

• Web Access 33.8 10.3 13.6 Widely used 
Information Services 

• Customer service 21.6 9.4 11.7 Early adopters 

~ Sales support 16.9 9.4 2.8 Early adopters 

• Direct marketing 10.3 5.6 1.9 Some early adopters 
Operations 

• Fleet/inventory 5.6 1.9 . 9 Some early adopters . 
management Practically unused 

• Supplier-buyer systems 4.7 2.8 2.8 Some early adopters. 
Practically unused 

Interactive transactions 

• Customer· service 6.6 7.5 8.5 Some early adopters. 
Practically unused 

• Sales support 4.7 4.7 7.5 Some early adopters. 
Practically unused 

• Direct marketing 6.6 2.8 5.6 Some early adopters. 
Practically unused 

* percentage of businesses in the sample implementing or planning to implement wireless applications out of213 
valid responses (see sample description) 

Table 3. Business Strategy Related to New Technology Adoption 

Strategic P~iority Comments 

1 Nurture Protected Market Defender 

2 Isolate Firm from Rivals · Defender 

3 Extract Temporary Profits Short-term orientation 

4 Economies of Scale Achieving low cost 

5 Market Share Control Defender 

6 Build Brand Loyalty . • Proactive 

7 Market Timing Speed to the market 

8 Information 

9 Speed of Response 
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RESULTS AND CONCLUSIONS . 
Table 4 reports the means of the variables and the pairwise correlations (see Table 4). Tables 5 and 6 provide the 
results from hierarclncal regression analysis with return on sales and growth rate as the dependent variable. Overall 
· in both cases, facrement R-squares were all statistically significant, suggesting that after controlling for the effect of 
years in business and size, industrial business strategy variables contri}?ute significant explanations of performance 
variance (See Table 5; See Table 6). 

Table 4. Descriptive Statistics and Pearson Correlation 
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Achieving a low cost 5.24 2.28 .102 .204*** .066 
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Build brand loyalty 6.18 2.29 .177** -.031 -.020 
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The Hypotheses are partially confirmed. HI stated a relationship between the firm's strategy and its performance. 
Again the results partially support the hypothesis. It seems that only successfully managing to isolate firm from rivals 
(HI) will increase its return on sales (Table 5). However, extracting temporary profits (H2) seems to be a non-

. lucrative strategy for businesses Achieving a low cost position (H3) and building brand loyalty (H4) will 
significantly increase the firm's growth rate but not the return on sale. The results are summarized in Figure 1 and 2. 
Strategic approaches could be clustered into two categories: Defending strategies and Proacting strategies. Isolate 
firm from rivals, extraction of temporary profits and low cost achievements belong to the first category. Speed of 
response and brand loyalty belong to the second one (Figure 1 ). High end application adopters (HEA) use a 
procative strategic approach and have long term orientation. LEA adopters behave differently. They embrace a 
defending strategy and work on a short term perspective. 
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Table 5. Regression Results for HEA Firms 

Return on Sales Growth Rate 
Model I Model 2 Model I Model2 

p t p t p t p t 
Years in business .111 1.353 .061 .800 .077 1.008 .191 -2.113* 
Siz.e -.019 -·.297 .049 .702 .073 .039 .011 .097 
Isolate from rivals .107 1.177 .078 .622 
Extract temporary -.213 -2.444** -.161 -2.965*** 
profits 

Achieving a low -.114 -1.298 .179 1.099 
cost position 

Build brand loyalty .034 .400 .187 2.333** 
Speed of response .048 .583 .155 2.711 ** 

Adj. R2 .004 .170 0.02 .189 

F value 1.211 2.445*** .713 2.098** 
***a< .01, **a <.05, *a< .1 

Table 6. Regression Results for HEA Firms 

Return on Sales Growth Rate 

Model I Model2 Model I Model2 

p t p t p t p t 

Years in business .091 1.125 .059 .801 .079 .973 .210 1.419* 

Siz.e -.019 -.249 .042 .601 .092 .099 .021 .189 

Isolate from rivals .203 2.587** .045 .556 

Extract temporary .303 2.983** -.019 -.599 
profits 

Achieving a low .098 1.157 -.087 -2.007* 
cost position 

Build brand loyalty -.179 ·-2.503* -.091 -1.111 

Speed of response -.233 -2.333* -.079 -1.007 

Adj. R2 .009 .177 0.01 .102 

F value 1.303 .2.444** .587 1.307 

***a< .01, **a <.05, *a< .I 

Overall, the study found the effects of business strategy to be consistent across the two performance measures, 
growth rate and return on sales. Findings confirmed Chrisman's et. al (1998) theory that any model of SME 
perfonnance should recognize the critical nature of strategy. Performance of businesses will largely depend on the 
competitive strategies within the chosen industry. 
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Figure 1. Strategic Approach vs. Technology Adoption 
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. INTRODUCTION · 
'_The Internet and particularly th~ ~ orld Wide We~ have grown as e-commerce vehicles creating tremendous shifts 
m mark<:t exchan~e and competition among most 1f not all industries. In particular, the Internet and Web are 
syst~ms for reducmg _c9sts, increasing value chain efficiency, building customer relationships, trading information 
and 1de~, strengthemn~ bran~, and generating revenue. (Rohm and Sultan, 2904; Pombriant, 2006) The result is 
that busm~sses ar~ movm~ onhne out of necessity and not just choice (Feinberg and Kadam, 2002). This has . 
translated mto online retatl sales that are expected to increase from $172 billion ·in 2005 to $329 billion in 201 0, a 
14% compounded annual growth rate over the next five years (Beasty, 2006). 

The purpose of this paper is to present the fine-tuning of current e-commerce practices such that usefulness and 
success are enhanced. The current e-commerce practices that are examined in this paper include: ( 1) evaluate and 
maintain customer lifetime value; (2) maximize loyalty and trust; (3) focus on improying the customer experience; 
(4) get personal; (5) balance online and human interaction; (6) communicate effectively; (7) maintain your 
website; (8) keep up with pricing, payment trends, and ROI; (9) invest in customer service; and (10) use CRM tools 
to bring it all together. 

E-COMMERCE BASICS 
E-commerce uses the Internet to establish a new sales channel wherein the electronic connection may be made 
directly to the product user or consumer, or indirectly to distributors (Manufacturing Business Technology, 2006). 
E-commerce typically is dated to 1994 when secure transactions became a reality. Back then, it was its own best 
practice, something that existing businesses added to their offerings because it was new, hot, and the thing to do. 
Now, rather than an adjunct to a business model, e-commerce is a I?usiness model in and of its own right with its 
own specific do's and don'ts. In particular, e-commerce businesses must apply discipline to generate demand, have 
insight into their customers, and create the kind of store that customers want. In specific, the e-commerce 
"superstore" is always open, never crowded, stocks a much wider practical inventory, and generates more reveµue 
than any one brick and mortar store or even group of stores. E-commerce also can entail consultative phone agents 
who may suggest products to fill needs or to be compatible with other products. (Lager, 2006) 

As e-commerce grows, different rules or strategies apply at each stage of its life. E-commerce businesses need to be 
prepared to meet these changes by upgrading their b~iness rules and processes to meet emerging trends. {Lager, 
2006) For example, CRM programs and multi-channel integration are now commonplace. E-commerce retailers are 
generally up and running and effort at this point is in tefirn:ng the current effort. (Beasty, 2006) "We've figured out 
how to sell online, now we're refining the process and integrating the other channels. The fuel to the next step is 
alternative payments. Growth areas include youth 12-18 and young adults 18-25." (Lager, 2006, p. 24) 

Today's customer may not be tomorrow's customer, so it is not enough to establish a rule. "The· old methods and 
probabilities are still highly valuable, and so are business _rules, but both must be flexible. Predict, model, and adapt: 
Profile your most profitable visitors, use them to predict others, and keep fine-tuning the estimate." (Lager, 2006, p. 
25) The next stage indicates that more time and effort will be given to getting into the customer's mind and to 
translating this activity into profit. (Pombriant, 2006) 

There are four basic options for creating an e-commerce business: (1) buy a ready made solution, (2) rent space in 
a network-based e-commerce solution, (3) build the system from scratch with components and parts, and (4) 
develop a strategic alliance or joint venture offering either complementary produc~ or s~n:ices o~ as a value-ad~ed 
reseller. First, ready-made solutions provide standardized e-commerce fea~es with bmlt-m busmess ru~es. ~s 
can save money and time but may become obsolete as new features are avatlable. Second, to rent space 1s an mstant 
storefront that does not require software installation. It can be inexpensive and allows. configuring settings and 
product information online. However, the use of built-in templates may not allow busmesses to create the exact 
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look and feel they desire. Third,'building from scratch allows the greatest customization for the exact solution 
needed. But, it can require expertise, time, and a sizeable budget. (Clarke and Flaherty, 2004) Finally, strategic 
alliances and joint ventures spread both cost and risk, but at the price of control. Larger, well-financed, and 

· unscrupulous firms have sometimes allowed their smaller partners to develop a viable product, service, and 
marketing platform on their websites ·as inexpensive market experiments. If the venture is profitable, they use 
loopholes in the contract, and in non-disclosure, non-compete agreements, to either end the venture or claim 
ownership of the result - in effect becoming ":ell-financed competitors instead of partners. 

CURRENT E-COMMERCE PRACTICES 
At this point, e-commerce probably has reached puberty. Consequently, e-commerce businesses do not run the 
online store the way it was done a decade ago. While every e-commerce business is unique, some wisdom applies 
to the majority. (Lager, 2006) In particular, useful e-commerce practices include the following: (1) evaluate and 
maintain customer lifetime value; (2) maximize loyalty and trust; (3) focus on improving the customer experience; 
(4) get personal; (5) balance online and human interaction; (6) communicate effectively; (7) maintain your 
website; (8) keep up with pricing, payment trends, and ROI; (9) invest in customer service; and (10) use CRM tools 
to bring i~ an together. Each of these practices is · elaborated below with a focus on how to enhance the usefulness 
and success of the practice. 

(1) Evaluate and Maintain Customer Lifetime Value 
Companies that sell goods and services online need to make an effort to build value-laden relationships with 
customers. In other words, a company must look at what customers need and value, and provide it .accordingly. 
Companies that do riot provide this expected value will l ikely lose their customers to a competitor. "If a company 
does not offer its customer something special - something that is of real value, something relevant - when a , 
competitor does make that offer, the customer will go with the competitor.II (Geller, 2002, p. 23) 

The cost of gaining a new custdmer is five to eight times greater than retaining an existing customer. Satisfied 
customers are six times more likely to repurchase. (Ross, 2005) As such, e-commerce companies should base their 
activities on the premise that customers are the most important assets and that it is necessary to estimate the potential 
value of these assets. Customer Lifetime Value (CLV) is one of the most widely accepted marketing methods for 
evaluating customer value. However, the measurement of eCLV needs to take into account (1) significant attributes 
of customer behavior unique to e-commerce and (2) a method for generating specific models from the large body of 
relevant historical data that can be easily collected in e-commerce sites. (Etzion, 2005; Geller, 2002) "When you 
think about the lifetime value of a single customer, it's a wonder more companies don't bend over backwards to keep 
customers happy." (Geller, 2002, p. 24) 

Two methods for buBding or maintaining CL V are customized bounce-back offers and customized e-mail offers. 
That is, a customized bounce-back offer for a customer buying a technology-based product might be a technology 
catalog or digest-sized technology book. A customized e-mail offer might include special offers, new product 
information updates, personalized e-mail newsletters, or a reminder service. (Geller, 2002) 

Another strategy to evaluate value is business intelligence. Basic business intelligence involves the periodic, active 
exploration of competitor offerings as a potential customer, to understand industry norms, market trends, and 
emerging customer expectations. Advanced intelligence efforts use marketing information to contact existing 
customers with hypothetical offers of similar products and services by hypothetical competitors. By tracking the 
kind of product and service offerings that generate customer interest, value blind spots can be. identified and 
remediated. Intelligence gathering, whether basic or advanced, ranges from the fairly limited, informal, in-house 
effort to comprehensive, formal, fairly expensive market research offered by industry experts and consultants. (Page · 
et al., 2005) 

(2) Maximize Loyalty and Trust 
Sales are not enough, smart marketers must generate long-term customer relationships that continue to generate 
revenues. Loyalty and trust are key ingredients in establishing customer relationships. (Bressler, 2001) In order to 
build loyalty and trust, the e-commerce companies must show their customer that the company and its · 
representatives actively advocate for the customer's position. E-commerce companies need to listen to customers 
who freely share their ideas, tips, and techniques in order to improve products and services, i.e., co-innovation. 
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Paying attention to the customer and c~-innovation can be the best route for increasing margins. This requires 
software that goes beyond sales or service transactions. (Pombriant, 2006) 

Organizat~ons have _become incr~~ingly ~ustomer focused and driven by customer demands. That is, meeting 
customers expec~t10°:5 and reta~~ therr loyalty and trust have become more important. It is clear that e
commerce _strategie~ alIIled at retammg customers also help promote customer loyalty to the organization. (Smith, 
2005) While countin~ the nwn~er of website hits is a valuable way to measure e-commerce success, the quality of · 
the customers and therr purchasmg power are more important ways to evaluate a website's success. This promotes 
customer retention in addition to acquisition. However, volwne-based measures are easy to keep track of and 
cheaper to implement than quality-based measures. (Smith, 2005) 

On ~verage, i! c~sts companies more to a~ct a ne'": customer than it does to implement a retention strategy. In 
particul~? existing customers are less sensitive to pnce. Customer retention then can contribute to greater 
profitability, tnore referrals, and greater market share. Loyal customers do increase profitability. And, customer · 
loyalty can be improved when used in an Internet context. In particular, e-CRM can directly improve the loyalty of 
Internet customers. (Lee-Kelley et al., 2003) "Since price sensitivity may not be the governing factor that describes 
how a customer chooses to ~ake a purchase other factors such as security and trust as well as service quality 
attributes, such as speed and convenience, could be incorporated into the e-retailer's e-CRM strategy." (Lee-Kelley 
et al., 2003, p. 248) 

Sample activities that e-commerce companies can use to promote loyalty are rewards for purchase, strong online 
content, purchase incentives and coupons, cutting-edge technology, package tracking, updated appearance, new 
content, periodic newsletters, and reminders to bookmark the site. Practices that do not build customer loyalty and 
retention include differential pricing, pricing based on elasticity, free services, annoying pop-ups, and banner 
advertising. (Lager, 2006) 

On a basic level, e-commerce companies can build customer loyalty and trust through sound business activities and 
strategies. These activities include monitoring performance by measuring product delivery, product performance, 
past-purchase behavior, servic(?, and support. In addition, e-commerce companies should address customer service 
issues such as safeguarding against credit card fraud and protecting against security concerns. Companies need to 
carry out effective target marketing and integrate 'distribution channels for greater compatibility. In addition, 
customer relationships can be enhanced via data mining, e-niail, and surveys. Gathering data helps track customer 
activity that can be the basis for loyalty programs and locking in your best customers. For example, vendors can 
offer rewards instead of waiting for customers to claim them. And, vendors can reach out to inactive customers, 
keeping the relationship alive. (Lager, 2006) To build loyalty and that unique experience, communications and PR 
efforts can be developed from scratch on a case-by-case basis. In addition, dealing with legal issues or online 
security can be used to reinforce customer loyalty and trust. ( Gordon, 2004) 

(3) Focus on Improving the Customer's Experienc~ 
An e-commerce company will not be able to improve the customer's experience unless they know something about 
that customer. We know that the average Web customer earns more ($62,000 vs. $52,000), is more likely to have a 
college degree, and is more likely to have purchased an item in the past three months across ail product categories. 
(Beasty, 2006) But, what do we really kno·w about the customer's buying patterns, needs, motivations, and habits? 
A retailer's or vendor's goal should be to provide a holistic shopping experience across all channels. Creating a good 
shopping and buying experience is not just a function of price. Retailers and vendors also may want to have 
friendly, easily accessible customer service, product expertise, and sound return and exchange policies across 
multiple channels. (Beasty, 2006) 

In particular, e-commerce can remove the strain of packed retail shops from the shopping experience, especially 
during the holidays. However, the e-commerce company may have to hire temporary workers t~ handle the call a?d 
Web inquiry surge or customers will still be upset. (Bailor, 2006) People now use the Interne! lik~ TY an? the pnnt 
media-to amuse themselves and to be entertained (Rohm and Sultan, 2004). For example, Crrcmt City discovered 
that more than half of all items ordered online are retrieved in the store, hence, driving traffic while the e-tailing 
allows the company to offer a wider assortment than what is _stocked in stores. As ~ result, Circuit City has 

11 

• • • 

organized retail leadership teams that are focused on improvmg the customer expenence. The teams attend tralillllg 
camps" and have "drive periods" like back-to-school and the holidays where~ the store-level staff becomes more 
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engaged and results oriented. The company also has streamlined store operations and is conducting innovation 
experiments to free up personnel to better serve customers. (Wolf, 2006) 

· . Ainazon.com is a company with a. strong brand image and customer loyalty. Their ~hoppers acknowledge the 
importance of quality product, selection, low prices, and convenience. Each of these contributes to the customer's 
experience, loyalty, and trust. Amazon.com focuses on the customer experience and puts everything through that 
filter. (Gordon, 2004) For example, Amazon.com has eliminated its TV advertising budget m favor oflower prices 
and other kinds of PR marketing and by reorganizing the communications team. Their approach has been to align 
the strategic communications, the PR, and the offline marketing function with the customer experience and 
awareness of low prices, large selection, and convenience. They debuted Amazon Theatre wherein they show new 
original films with famous directors and actors. Links are provided for additional information about the films and 
also products are shown in the films. That is, Amazon is .relentlessly customer focused, trying to enhance its 
customers' experiences, to thank and delight them, and to help them disc9ver new products. · Or, consider their 
Holiday A-List wherein celebrities offer exclusive content such a songs or stories. It is not just about a book or CD 
but also about unique content, selection, and price. (Gordon, 2004) This positive purchasing experience can lead to 
lower pri~e sensitivity when the prod1:1-ct or brand'is purchased online (Lee-Kelley et al., 2003). 

( 4) Get Personal · 
Getting personal and even "customer intimacy" refer to knowing who your customers are and using•information you 
gather about them intelligently, somewhat like the comer store knowing everyone who comes in the door (Steinert
Threlkeld, 2005). Compared to the comer store, the Internet can seem overly huge and impersonal.. To reduce the 
impersonal nature of e-commerce,' personalization strategies are key to establishing customer intimacy and 
improving customer acquisition and retention. 

Personalization involves tailoring the information that a website displays to ·meeting the needs of individual 
customers more effectively, thus increasing customer satisfaction and repeat business. It can drive cross-selling and 
up-selling through vehicl~s such as catalog data, language, search and navigation capabilities, and screen layout . . 
Choiceboards are another Web-based tool that offers customers the option to customize their orders. However, there 
must be good system quality and information quality. In addition, the intention to use choiceboards is affected by 
overall satisfaction. (Bharati and Chaudbury, 2006) Also, with personalization technology, a company can leverage 
customers' previous buying habits and customer profile information to make automatic decisions about what data to 
display to the user, and how to display it (Meister et al., 2002). E-commerce also can use vendor tools like cookies, 
member profiles, and wish lists to identify individuals and their preferences. Vendors who do not use these 
personalization strategies are losing a tremendous opportunity to understand and serve their customers. (Lager, 
2006) 

Perhaps the most impressive aspect of personalization efforts is that their data mining software engines largely 
operate in stealth mode, passively, undetectably gathering vital information, every time the customer contacts the 
organization or places an order. Beyond personalization, there are two higher levels of customer intimacy. The first 
involves developing dossiers of personal information on each client, such as wedding anniversaries, birthdays, 
typical vacation timeframes, and destinations, hobbies, etc., and then using that information to engage the customer. 
The e-provider is cultivating the reputation of the website that cares. The level of engagement depends on the 
profile of the customer. High profile clients receive gifts or significant incentives with a personal follow-up call, 
while low profile clients receive friendly emails coupled with a discount or rebate offer on their next purchase. The 
highest level of customer intimacy is partnership, reserved for either highly profitable or high potential clients. This 
is where thee-vendor actively learns about the strategies, needs, and problems of each major client, and develops 
product and service offerings to meet those needs. This level ofresponsiveness provides some price inelasticity, and 
a viable basis for differentiation in a typically low cost online world. (Page et al., 2005). 

(5) Balance Online and Human Interaction 
Reaching customers beyond your local market is easier now than ever, but how to interact with them is not as 
obvious. E-commerce has become a permanent fixture of successful retailing and vending - just another channel. 
The ongoing message continues to be "provide a seamless experience across all channels." Accordingly, it is 
important to gain maximum synergy between online and other sales channels, i.e., stores, catalogs, and call centers . . 
So, retailers and ·vendors need to present a unified face to customers and weave together disparate ·flows of goods 
and services. (Verity, 2005) 
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PrintingForLess.com, for example, has made a user-friendly website for small businesses of every type that want to 
convert their digital files to nicely printed brochures. The system allows customers to send files in a wide variety of 
formats and software languages. Because of the nature of this business, customers typically have questions 
requiring human intervention. So, the company has a phone number listed prominently on the website and three
person teams responsible for each print job, start to finish. Essentially, this company has made it easy to find them 
and to do business with them. (Thomas, 2005) 

Integrating the customer experience in ~he store and over the Web is very important. Essentially, take advantage of 
the best features of each. Treat both types of customers like first class citizens. {Lager, 2006) But, there can be 
problems in doing this. For example, matching the products and price in-store and online can be a dilemma. 
Retailers need to recognize both types of customers and the types of transactions they participate in, specific to the 
channel used. Product'and customer information can easily be shared across channels. In addition, an 
understanding of cross-channel purchasing behaviors can empower the use of catalogs. Essentially, integrating . 
online and offline channels requires an understanding of the customers and their behavior matched with a seamless 
execution across those channels. This can include catering to regional customers' wants and needs. Not all products 
are available in oftline stores and prices can vary quite a bit from region to region and between channels. (Beasty, 
2006) 

Most purchasing is in the store or online rather than in catalogs which often are used for shopping only. That is, the 
catalogis generative even if the actual sale typically is made in-store or online. Some.68% of multi-channel 
shoppers buy online because the price is cheaper than in the store. Retailers also must deal with online discounters 
such as Pricegrabber.com and Pricewatch.com who undersell the retailers' own websites. At the core, this drives the 

. retailer to have to honestly consider: What value am I really offering other than price? (Beasty, 2006) 

From a service perspective, many retailers are seeing the need to integrate their online and oflline channels, e.g., the 
online retail site and the phone-based catalog can be integrated with the shoppers' presence or activities on the Web. 
Having technological access to transaction history or an integrated customer profile across each of these channels 
can be useful. More specifically, online retailing can capture customers' data and make it available in stores where it 
has been difficult to acquire customer information. (Beasty, 2006)_ 

"In their effort to make service operations more scalable and·provide customers with a broader range of service 
channels, firms are increasingly complementing service relationships with self-serve technology [SST]. In so _doing, 
they are creating a continuum of service delivery mechanisms ranging from customers' exclusive reliance on service 
relationships to their exclusive reliance on SST. There is considerable tension between these two poles: service 
relationships imply a social contract and embedded relationships, while SST-based service encounters are typically 
governed by formal contracts and arms-length relationships. Research in marketing has highlighted that the drivers · 
of customer satisfaction in a service relationship are quite different from those that drive an SST-based 
encounter ... This means that designing a coherent service delivery strategy that integrates ·service relationships and 
SST presents a challenge for firms." (Schultze, 2003;p. l~) 

To create a more seamless quality between online and oftline channels, marketers will need to understand how to 
create the best shopping experience both in· the store and on the Web. This includes knowing who their customers 
are and how they act differently on the Web and in the store. More specifically, what information will e-marketers 
need to collect that can be used to make customers happy? and what customer information will be useful to thee-
marketers. (Beasty, 2006) · 

Business operations may need to be integrated as a result of multi-channel integration. For example, customers may 
have the option to buy online and pick it up at the store. Additionally, items can be returned to the customer's 
chosen online or oflline channel. Web prices can be matched in the stores. Shopper programs like discount cards 
and preferred customer cards can be used to enable discounts and services across the multi-channels. Some 

· activities such as a good return policy, trying out consumer electronics, and trying on apparel may be less amenable 
to channel integration. Another integrated business operation may be to send personalized catalogs to specific 
customers. Or, customers can connect with a call center representative directly from the website. (Beasty, 2006) 
Sometimes people do need people {Lager, 2006). 
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(6) Communicate Effectively . . . . 
Successful e-commerc~ requires the use of successful communications. E-commerce 1s unmed1ate, drrect, and one 
of the most inexpensive ways of talking to people. On the othe~ hand, customers .can draw ~omparisons b_etween 

· products, services, prices, and brands online in just a click. Every contact with a c~tomer 1s an opportunity to 
enrich the data the company holds. That is, cookies help construct a be~er profile of customers by e~ploying a 
tracking system that also can highlight problems encountered by the customer. (Papas, 2005) Incentives, 
competitions, prizes, and visitor registrations ~an be effective in persuading people to divulge their details. All data 
received needs to be integrated into a centralized system to help identify customer needs and behaviors. However, a 
customer needs to know how the data will be used and sold as well as how to unsubscribe. 

One positive use of customer data is that the customer's explicit preferences and previous purchases plus e-mail and 
website information can be combined to form the basis of segmentation types. For example, frequent clickers who 
have yet to buy, premium customers whose response rates are declining, and people with specific behaviors, such as, 
interested in price discounts but not free shipping. (Papas, 2005) This segmentation effort can help to reveal when 
and how often customers want to receive communications. Because of this, it is important to use all available data 
when profiling, segmenting, and mo<jeling your site. However, it is advisable to test communication strategies and 
campaigns on the various segments ahead of time. In any event, communications and e-mail content must be 
informative and relevant. Personalized communications that recognize recent behavior are very effective. Higher 
than usual unsubscribe rates indicate that something is not being done right. (Papas, 2005) The strategy of 
appearing very simple to the customer yet actually performing some very complicated CRM tasks behind the scenes 
seems to be an excellent strategy .for e-commerce campaigns, e.g., Amazon, Ebay, Google, and Y?Ji.oo (New Media : 
Age, 2005). . . 

. Online advertising is a mainstay of marketing communications. It can be used for direct response, brand awareness, 
and purchase intent. However, it has been an up and down ride, down witli the dot-com bust and back to a gradual 
climb of steady growth. (Maddox, 2005) Online ads can now be held accountable through tracking technologies 
and the ability to prove ROI. In 2005, U.S. companies spent approximately $63 billion annually on online 
advertising, promotions, and e-mail marketing (Ragins and Greco, 2003). Forrester has projected that online 
advertising will reach $26 billion by 2010, making up 8% of total U.S. ad spending. (Maddox, 2005) 

Obviously, it is important to keep customers informed. In general, informed customers are happy customers. 
Customers know that retailers would like to drive sales to the Web because it costs less. So, it is important to give 
the customer· all of the information regarding pricing or availability on the Web. (Beasty, 2006) Discrepancies 
between price and inventory are major customer issues. Because the online and offline versions of a retailer cannot 
be the same, just keep the customers informed of the differences between the two, e.g., not all products on the Web 
are available in stores. (Beasty, 2006) Customers may not be able to find you. So, e-commerce companies need to 
integrate their Internet communications with that of other media. (Rohm and Sultan, 2004) To support recognition, 
it may be wise to use targeted ads, search engine optimization, and ·search term placement. In its simplest form, e
commerce advertising includes listing the URL on business cards and on the label of all products (Clarke and 
Flaherty, 2004). 

· E-mail is a powerful, cost-effective, and easy marketing communication tool. Permission and deliverability are 
important as e-mails can drive site traffic and grow in-house databases. However, quality mailing lists need to be 
used and e-marketers must meet the federal CAN-SPAM Act (2004) requirements. E-mail ROI tops.all other 
channels except for telemarketing~ But, you cannot use just one, both e-mail and telemarketing are keys to 
communicating with prospects and customers. (Maddox, 2005) · 

The biggest advertising success story of the past five years has been search engine marketing accounting for 40% of 
all 2004 online revenue. In 2005, 83% ofn;iarketers planned to increase their search advertising investment. 
Search's appeal includes being able to target, set price, and find highly motivated and relevant customers. (Maddox, 
2005) 

{7) Maintain Your Website 
While technology is not a panacea, wise use of the website can improve performance. Howev~r, maintenance is 
crucial for an e-commerce site in order for it to be a smooth running, complex integration for bringing in money. 
Consider, nine out of 10 customers have experienced problems with online transactions, and 34% of these would 
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immediately switch to a competitor's site or just go offline. Speed is not the issue. Rather, customers prefer easy 
transactions with no failures and good feedback when issues arise. Often, customers are inadvertently relied upon to 
report online failures rather than proactively identifying issues impacting the customer and the site. When a 
problem is encountered, the e-commerce engine must have a backup plan. Additionally, when there is a problem, 
customers often want live help . . Chat windows have been popular with integrated VoIP replacing t)lem in many 
cases. Yet, customers often prefer in-person experiences. (Lager, 2006) 

Bressler (2001) provides 10 tips for keeping your customers from clicking away to the competition: 

'1. Frequent updates: Web pages need to be updated frequently with relevant information. Pages need to be 
readable, to work, and to not have expired information. 

2. -Attractive homepage: First impressions are important. Choose colors that are easy on the eye and do not 
obscure relevant information. A void too much or too little information, no website search capabilities, and 
poor menu presentation. 

3. Do not overdue it: Too many graphics and sounds may take too long to load. Get to the point efficiently
older computers may not be able to download too many details. 

4. Easy customer contact: It should be easy for customer's to contact you and respond in a timely fashion. 
Treat Internet shoppers as if they were coming into your store and acknowledge them quickly. 

5. Provide a good response: Answer customer questions and avoid form letter e-mails. Answer quickly as 
every minute counts. Send a detailed confirmation including shipping information. 

6. Anticipate questions: Consider a FAQ menu. It can satisfy the customer immediately and avoids an extra 
e-mail. 

7. Easy order, easy pay: Have an order form that is easy to use and is secure. Let the customer know that it is 
secure. Give the customer options of calling or mailing it in, too. 

8. Be informative: Tell customers how your product or service will solve their problem. On the website, 
publicize examples, industry awards, and other positive activities. 

9. The electronic catalog: Many customers pre-shop on the· Internet.- Offer online whatever oflline 
information you have. Provide shopping assistance service including virtual models for trying on clothes 
or video clips, as appropriate. 

10. Follow up: Thank customers and make sure everything meets their satisfaction. Do not irritate them. Send 
e-mail solicitations only upon their request. · · 

Technologies now offer managers important tools to understand desirable website features by tracking customer 
search behavior, such as when customers are doing a Google Search. It is even possible to track what page areas 
users hover their mouse pointers over but do not click (Lager, 2006) 

Finally, a website business lives or dies by website traffic, and there are three· major strategies to ensure a continuous 
flow of interested potential customers to the website: advertising campaigns using conventional media (such as 
those of the travel websites, e.g., Orbitz, Travelocity, ·Priceline, etc.), purchasing a sponsored link on a· major search 
engine (usually involving a per-click charge ·on Google or Yahoo), or search.engine optimization (SEO). 
Conventional media advertising can be very expensive, and represents a shotgun approach reaching a wide audience. 
In contrast, sponsored links are much more targeted, becoming the first website options seen by customers in their 
self-generated searches. However, the per-click cost structure also can prove to be very expensive. Search engine 
companies have yet to effectively deal with the problem of "bogus clicks" where pranksters or competitors unleash 
software attacks resulting in thousands of clicks on a site without any customers involved. After sponsored links 
come listings of organic searches of the non-sponsored web pages. These webpage rankings are often partially or 
completely established by web crawler programs. Search engine optimization strategies develop site features that 
attract the attention of web crawlers, and boost site ratings. These features include the number of site pages, the 
frequency of key words used in the site, site links, site maps, and related content. Companies without this expertise 
can contract with web development firms specifically devoted to optimizing page rankings on the major search 
engines, so the webpage is listed on the first or second page. 

(8) Keep Up with Pricing, Payment Trends, and ROI 
In a review of the impact of the Internet on industry structure, Porter found cases of e-commerce companies 
focusing on price instead of continuing with their existing strategies of features, quality, and service. That is, 
companies were opting for a price differentiation strategy and neglecting the fact that the Internet can provide 
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additional and even better opportunities for establishing a distinctive strategy position and for gaining competitive 
advantage. Also, this emphasis on price- neglects the stark reality that a price reduction for increased efficiency and 
reduced internal costs niay easily lose its competitive advantage and be met by oth~r e-commerce firms ... just a click 
away. At the very least, customei:s know that comparing prices on the Internet is rel~tively easy. (Lee-Kelley et al., 
2003) . 

Essentially, multi-channel shoppers are going to shop at an e-commerce website because it adds value to their 
experience. _ While this may be price differentiating and save the shopper some money, it typically goes beyond 
differentiating value based on price only. (Beasty, 2006) Specifically, rather than e-commerce companies 
competing just on price, giving away money and coupons, they now acknowledge that competition is based on 
convenience, selection, and then price (Pombriant, 2006). However, price cannot be ignored. So, make your 
transaction process as easy as possible and seamlessly smooth from homepage to checkout. Remember, when 
transactions fail, that money goes to your competitor's pocket. (Lager, 2006) 

As technology evolves, websites increasingly are able to support customers in comparing the prices of online 
retailers and merchants before buying. For example, Shopping.com is an online price comparison_site. It offers 
price comparisons on a range of categotjes spanning clothing; computers, furniture, and accessories. With access to 
85% of the biggest-online merchants in the U.S., it is seeking to increase its European retail coverage as well. 
(Kemp, 2006) 

In order to keep tine-tuning payment methods, companies can profile their mosi profitable custome~· and figure out 
- what they are doing that will help them predict the behavior of others. Maintenance of successful payment options 
and the payment aspects of the website are very important. As noted, alternative payment options are likely to be 

· fuel for the next evolutionary step of e-commerce. The latest trends in payment focus on debit and not credit. Also, 
alternative payments such as bill-me-later or gift cards are giving customers inore flexible options. In general, use 
as many payment options as your customers need. (Lager, 2006) 

Merchants do not like to lose an online sale because of lack of payment options. To avoid this, online payment 
services help merchants close the sale online. For example, the online payment service PayPal draws from existing 
bank accounts. MODASolutions has created E-bill so customers can shop online and pay through an online banking 
account. This provides options to the security conscious, the debit card user, small businesses, and to people who do 
not have a credit card. Also, both PayPal and MODASolutions are excellent ways for younger consumers to enter 
the world of commerce. The young person drives the sale but parents can supervise transactions, hence, reducing 
disputed charges. (Lager, 2006) 

Another payment option for e-commerce is the e-coupon. This comprises a secure micro-payment method that 
allows users to delegate their spending capabilities to other users or their own devices, e.g., Laptop, PDA, and 
Mobile Internet-based services involving unit-wise payment. (Patil and Shyamasundar, 2005) 

With regard to ROI, there are two ways of increasing e-commerce revenue: raise prices or increase the customer's 
patronage concentration. By embedding an e-CRM strategy into the business strategy of Internet companies, it is 
easier to understand the customers' needs and wants and to create a two-way relationship for ongoing customer 
loyalty, repeat sales, and improved profitability. (Lee-Kelley et al., 2003) · 

So, the question remains: what is marketing's direct impact on ROI? Even though, the Internet and real-time 
measurements have increased accountability and the ability to calculate returns, it is still a difficult question. For 
example, Adobe tracks four levels of activities: (1) marketing activities such as ad reach and Web metrics, (2) 
operational efficiencies such as cost-per-sale and program-to-people ratios, (3) outcome-based metrics such as 
market share and number of leads, and ( 4) leading indicators such as brand loyalty and lifetime value of a customer. 
(Maddox, 2005) "If you don't have accountable, measurable processes, you have no clue about what to change in 
the marketing process to improve or optimize programs. Too many organizations don't have ·the infrastructure 
where ROI can be meaningful." (Maddox, 2005, p. 23) 

(9) Invest in Customer Service 
Customer service has traditionally been organized around and after the completed transaction. That is, it has 
consisted of receiving and personally answering correspondence of customers with questions, concerns, or 
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complaints. Next came th~ help desk wherein the customer could speak directly with a 1-800 service rep. Now, 
customer s~pport and servi_ce \CSS) centers or customer interaction centers (CIC) also have tools such as the 
Internet,_ wrreles~ c~~um~ations, _speec? recognition, and video. Other customer service technologies include 
auto~atic call distnbution, mteractive voice response, computer telephone integration, Internet call management, 
semce cybe~-agents, bots, avatars, call center analytics, and performance measurement. (Croteau, 2003) These 
tools are dedicated to how a product is "delivered, bundled, explained, billed, installed, repaired, renewed, and 
redesigned." (Croteau, 2003, p. 22) 

"Th~ require~ents of today's customer and advances in technology have transformed the scope and mission of 
customer_service. A fe~ years ago, companies considered their customer service function as purely a cost center 
and a drain on profitab1hty. In contrast, today's enterprise views customer service as a necessary investment in 
cementing customer lo~alties and assuring maximum customer value." (Ross, 2005, p. 44) 

If customer service does not go well, however, there can be strong consequences. In fact, the critical cause of online 
complaints is related to the e-commerce customer service centers. In general, customers' dissatisfaction and 
complaints in e-commerce increase if they encounter a problem with customer service. The following suggestions 
are offered to upgrade customer service: be fair in dealing with customer complaints, improve response time, and 
hire and train polite and courteous individuals skilled in interpersonal communication. In addition, service 
representatives should recognize the customer's viewpoint, understand the customer's needs and values, know the 
customer's problem, listen to his/her voice, and do not fake an image of closeness to the customers. (Cho et al., 
2003) 

Serious problems in customer service can be successfully managed with customer fulfillment programs. If problems 
. are quickly resolved to the customer's satisfaction, customer satisfaction and loyalty can actually increase. In 
empirical studies of high technology firms with strong on-line sales, customers who never experienced any problems 
with their information technology equipment gave significantly lower satisfaction ratings than customers who had 
experienced breakdowns that were promptly fixed. This is called the "Gateway Effect" after the computer company 
with mediocre quality but great customer service (Page et al., 2005). 

(10) Use CRM Tools to Bring'It All Together 
Since the dot-com boom and bust and Sept. 11, Internet technology ·has continued to improve giving marketers new 
ways to communicate with customers and measure productivity. In general, electronic communications on the 
Internet have progressed from e-mail to database marketing to CRM. CRM is a "customer-focused business strategy 
that aims to increase customer satisfaction and customer loyalty by offering a more responsive and customized 
service to each customer." (Croteau, 2003, p. 22) Now, online marketing and CRM have become a mainstay of the 
marketing mix. CRM must deliver authentic customer knowledge across multiple organizational functions and at all 
customer touch points. (Croteau, 2003) · 

Customer relationship management (CRM) is an integral e-commerce component. Quite simply, it is the process of 
acquiring, retaining, and growing profitable customers: (Tan et al., 2002) A .goal of CRM is to gain a holistic view 
of the customer and to provide a holistic shopping experience across all channels. That is, for today's multi-channel 
customer, actions mi the Web influence purchasing decisions in the store. Customer purchasing information is 
collected at the store checkout, on the Web, ·through the catalog, and over telemarketing activities. From this data, 
segmentation campaigns can compare customers and gain a better understanding of how they interact with the 

company. (Beasty, 2006) 

While e-commerce has strong transactional capabilities, it cannot support .quick identification, profiling, and 
marketing for customers - typically the domain of CRM (Manufacturing Business Technology, 2006) "Blending the 
online user experience of e-commerce with the supporting functionality of CRM, on the other hand, capitalizes on 
the dynamics of online customer relationships while leveraging the inherent sc~lin? capabilities of _e-co~~r_ce. 
The result is better understanding of channel partner performance, better lead d1stnbut1on and quahty, pnonttzed 
marketing spending, and heightened customer visibility." (Manufacturing Business Technology, 2006, p. 46) 

From a broad point-of-view, CRM is involved in every process of a business trans~ction. In particular, a well- . 
designed CRM system encompasses relationship management, sale_s force automation, use of technology, and 
opportunity management for unpredictable growth and for forecastmg sales. (Zeng, 2003) For example, CRM can 
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deliver appropriate information to a salesperson and make recommendations on the next step to take with that 
customer. That is, all the relevant information is pulled from various applications and presented to the salesperson 
in real time to provide information regarding how to approach the customer or sinµition. So, if the customer has not 
bought, then there will be specifi~. suggestions for the seller based on the status of th~ account. All relevant product 
and sales data is provided as well as customer interaction history. The systein also can provide driving directions 
(MapQuest), company information (Hoover's), marketing campaigns, cross-selling opportunities,-updated scripts 
across contact centers, Web sites, and sales applications. The difficulty with this kind of system is to get the users to 
adopt the system. Trial usage and testing helps to drive adoption. (Maselli, 2002; Ragins and Greco, 2003) 

"CRM has a chance of working once companies recognize that it doesn't exist separate from the business strategies 
and processes of a company. Success requires planning, and a rush to adopt technology without strategy is 
dangerous. Software is only a means to an end. For CRM to succeed, there must be a strategy in place that makes 
sense. And there must be people in place who have dir~ct sensibilities;" _ (Geller, 2002, p. 24) 

CRM focuses on three major functions: (1) marketing activities such as creating brand identity, identifying 
customers, promoting products and service offerings, distributing these offerings, pricing, and designing promotions 
and advertising; (2) sales including sales force automation (SF A), online catalogs, online order configuration 
capab_ilities, lead capture and profiling, online surveys, sales literature, and e-mail marketing; and (3) service 
activities including customer support, call-center management, and customer communication. · (Ross, 2005) 

In terms of the Internet, eCRM attributes positively associated with customer satisfaction include th~ chat feature,· 
spare parts availability, gift certificate purchase, mailing address, search engine, links, and a company profile. 
(Feinberg et al., 2002) An example ofa company using eCRM effectively is We'reMoving, the online company that 

· allows homeowners to show potential buyers around their property without the presence of a real estate agent. The 
eCRM tools allow an assessment of property activity across the website in addition to accurate and up-to-date 
information on their home and the status of their sale. Reports generated include number of viewings, offers 
generated, comparative information about similar properties, and help assessing whether their property is being .. 
marketed and priced correctly. (Precision Marketing, 2005) · 

The biggest problem with maintaining ~tabases is when information is held in multiple databases, data is 
incomplete or incorrect, poor maintenance, and the collection of customer information is not uniform. (Bhaskar, 
2004) In addition, e-businesses draw information about visitors who use a site by applying analytics to log files via 
an application service provider (ASP) or by installing software that can pluck out relevant information from in
house files. Analysis of Web logs is prohibitively expensive and complex, e.g., a Web site might be connected to as 
many as 60 Web servers. Robots or spidering technology can make Web log analysis even more complicated. 
(Kemp, 200 I) 

SUMMARY 
This article focused on how to enhance and fine-tune e-commerce practices. Specifically, the e-commerce practices 
discussed were: (I) evaluate and maintain customer lifetime value; (2) maximize loyalty and trust; (3) focus on 
improving the customer experience; (4) get personal; (5) balance online and human interaction; (6) communicate 
effectively; (7) maintain your website; (8) keep up with pricing, payment trends, and ROI; (9) invest in customer 
service; and (10) use CRM tools to bring it all together. 

With all of these in place, it will be easier to attain a vision of what successful and useful e-commerce business 
someday could look like to a very satisfied customer: "I dream that one day when I buy from nearly any retail store, 
I'll also be given information about service online. I'll be able to buy from a store and return the item to a central 
distribution center and get credit on my card. I'll even get appropriate offers based on prior purchases and 
preferences. A _company will thank me for my purchases - recognize me when I call. And it will know when I've 
defected and invite me to come back. Then I will be a loyal customer forever." (Geller, 2002, p. 24) 
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ABSTRACT 
The study of marketing in general, and more specifically that of consumer behavior, has long acknowledged a 
substantive grounding in the traditional social sciences such as psychology, sociology, and anthropology. Recent 
meta-analyses of research from the marketing field have suggested that socio-anthropological contributions, while 
fashionable and broadly accepted in the 1990s, have stagnated since that time. This paper explores the potential of 
technological anthropology, a.relatively recent subfield of cultural anthropology, for furthering our understanding of 
the marketplace and the consumers that comprise it. Technological anthropology· is defined and an example from the 

· category of personal electronics is used to define its applicability to business research. 

INTRODUCTION 
As with many of the newer academic disciplines, the field of Marketing has struggled to define itself throughout its 
briefhistory. The first of these defining efforts occurred in the 1950s and 1960s, when Marketing and other business 
disciplines broke with a largely case-dominated, reflective, and applied orientation to embrace a more normative 
stance and establish a scientific - and definitively positivistic -- pedigree. A second rethinking more than a decade 
later challenged marketing academics to create knowledge for knowledge's sake, forsaking the long-standing 
tradition of marketing ·academia in service to the business practitioner community and focused on the transaction. 
For example, Hunt (1976) anticipated a broadening of marketing studies from the simple mechanics of exchange to 
a process with societal-level implications. Soon thereafter, Jacoby (1978) critically reassessed the field of consumer 
behavior research and found it too narrowly focused on the acquisition or buying behavior phase, to the detriment of 
our understanding of the subsequent consumption and disposition phases. 

A third wave of re-conceptualization followed in the 1980s, when a number of marketing scholars suggested a break 
from the positivist-empiricist standard towards a more-relativistic approach. Underlying this proposed break was an 

- inherent dissatisfaction among a part of the marketing academic cominunity with the hegemonic stranglehold of the 
psychology and economics disciplines over the definition of what was topically-appropriate research. This lastshift 
resulted in many marketing academicians adopting postmodern philosophies and methodologies, as well as a greater . 
affinity with and reliance on socio-anthropological discourse. This new direction also freed these academicians to 
explore the nuances of the consumption experience and the construction of meaning for consumers, and to explicate · 
such non-mainstream consumption spheres as the peculiarities of collectors and their collecting activities (Belk, et 
al. 1991 ), gift-giving (Sherry 1983), the nexus of site, 'participants, and behaviors in a swap meet setting (Belk, et al. 
1988), the rituals associated with baseball spectating (Holt 1995), the cultish ~spects of motorcycle ownership and 
the lure of a greater biker subculture (Schouten and McAlexander 1995), the invocation of mountain man mythology 
in marketing efforts (Belk and Costa 1998), extreme fandom and the celebrity industry (Kozinets 1997, Kozinets 
2001), and the creation of mystical experience in the marketingofriver-rafting excursions (Amould and Price 
1993). 

Though these efforts invited interdisciplinary ·experimentation, and were successful in a descriptive, 
phenomenological sense, they were limited in their impact on the marketing field as a whole. Critics of this third 
wave point to the unusual nature of the topics studied and the relative lack of pragmatic results or broadly-applicable 
theory. And such criticism has arguably led to a marginalization of this type of inquiry: only one of the major 
journals in the marketing field, the Journal of Consumer Research, has regularly published articles of a socio
anthropological bent, and then only at a stable but low rate of around twenty percent (Simonson, et al 2001 ). Major 

. textbooks in the consumer behavior field devote relatively little space to the socio-anthropological perspective. 

This paper suggests a different, more pragmatic route toward re-invigorating this perspective, rooted in the study of 
technological anthropology. 
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WHAT IS TECHNOLOGICAL ANTHROPOLOGY? 
Technological anthropology is a subfield-of cultural anthropology, informed by the study of material culture, that 
seeks to understand the culturally-informed interrelationships between human beings and those technological 
artifacts that help ·them relate to their environment (Schiffer 2001). The unique perspe~tive of technological 
anthropology is its emphasis on the reciprocity between technology and its users. Furthermore, the technology is not 
viewed as some inevitable consequence of action by heroic inventors, nor it is not seen as the carrot for further 
improvements. Rather, the technological artifact interacts with its consumers to create a pathw~ for further 
advances and iterations of product and experience. 

It might seem limiting to predicate a theory of consumer behavior on solely the consumption of"technological" 
goods and/or devices, but the application of this perspective has been more expansive than the term suggests. 
Though ·a lay definition of technology would lean toward mechanical or electronic goods, the technological 
anthropologist provides a more generous demarcation, inciuding all physi~al goods; indeed, Schiffer (1992) explains 
the breadth of the technological anthropologist's perspective by evoking the definition proffered by philosopher and 
social science critic Mario Bunge: 

The end product of a technological process need not be an industrial good or service; it may be a rationally
organized institution, a mass of docile consumers of material or ideological goods, a throng of grateful if 
fleeced patients, or a war cemetery (quoted on p. 134) 

Thus, the range of applicability of technological anthropology is not constrained_ to a subset of marketable goods - · 
· its ·context can be both the usual and the unusual, the product and the service, the durable and the nondurable. And 
unlike the greater portion of the aforementioned socio-anthropologically-informed consumer research, which seeks · 
primarily to explain the meanings of consumable goods, technological anthropology intends to explain the formation 
of those meanings as the technology is put to use: 

The symbolism embodied in artifacts is rightly regarded, not as the cause of shared cultural meaning, but 
rather as the consequence of technological activities - which are, in turn, easily demonstrated to act as · · 
powerful progenitors of shared cultural meaning (Pfaffenberger 2001; p.77). 

So, technological anthropology gives us the impetus to look directly at the consumption phase of the consumer 
behavior process to witness the varying modes of creation of meaning with the product's use. It also may present 
practical design and promotional implications for the marketer in comparing these modes of meaning creation with 
subsequent success or failure in the diffusion of the given technology. 

THE PROMISE OF TECHNOLOGICAL ANTHROPOLOGY IN MARKETING CONTEXTS 
Technological anthropology perspectives have informed both macrosocial and microsocial issues. On the grander 
scale, technological anthropology describes how consumer's technological choices and uses in Western society have 
led to the material prevalence -- and social preference -- of disposable (as opposed to durable) goods, intended for 
individual (as opposed to communal) consumption. For example, communal mass transit imperatives have been 
superceded in America by the availability of mass-produced single- or limited-user transportation technologies, the 
family automobile. Similarly, the choices behind the creation of technologies for the homemaker shaped not only the 
tools themselves but also informed the relationship between the homemaker; the household, and the outside world: 
present-day household technologies isolate homemakers in their housework that a century ago would have been 
performed as a community activity, and have additionally promoted expectations of a higher standard of cleanliness, 
which in turn have arguably led to a longer workday for those same homemakers (Griffiths 1985). These single-user 
products reinforce their users' sense of both isolationism and individualism, and create social inertia for the further 
development, manufacture, and demand for consumables that allow consumers to express their individuality to an 
even greater extent. 

These desires are manifest on a smaller scale. Technological anthropologists have applied their unique perspective 
toward the investigation of the interaction between consumers and single inventions, like the radio; a single-product 
example of the trend in expressive individualism may be found in the widespread diffusion of portable radios in the 
mid-20

th 
century, taking the Rockwellian context of a family gathered around their tabletop Phi/cos for an evening's 

entertainment, and replacing it with personal radios attached to personal ears tuned to personal-favorite stations · 
(Schiffer 1991). The consequent individualization of entertainment consumption can be linked tothe veritable 
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explosion of entertainment media options since mid-century, as well as the emphasis on compartmentaliz.ation by 
category and the profusion of labels attached to products of an aesthetic nature. A visit to any well-stocked music 
store, for example, provides an exercise in typology to an absurdist degree - and perhaps even a dysfunctional 
degree from the standpoint of aiding the consumer to locate merchandise: a popular release may be further . 
pigeonholed as rock, further as metal, and yet further as alt-metal or thrash-metal or sequestered in a separate aisle 
because it's an "indie," a recording produced by a non-major or independent production company. One could even 
argue, given the ubiquitous presence of entertainment product in Western society, that its proliferation in type and 
the acceptance of consumers in utilizing those types in the course of their consumption has influenced the manner in 
which even the most mundane of products is marketed and consumed: one no longer purchases shampoo, but rather 
shampoo for itchy scalp, shampoo for oily to dry to combination hair, shampoo for colored hair, shampoo for grey 
hair, shampoo with built-in conditioner, shampoo to eliminate conditioner build-up, ad nauseum. 

The home entertainment industry in anthropological perspective. To demonstrate the practicality of this particular 
vein of anthropological investigation, one need only look at the consumer home entertainment industry. Since the 
initial introduction of the gramophone and the million-selling, one sided acoustic shellacs of Enrico Caruso, the 
industry has flooded the market with products of an infinite array of functional/utilitarian and aesthetic variation. 
And though this multiplicity of products all serves the same purpose and core benefit of entertainment (and to a 
lesser degree communication and education), it cannot be said that they are all ready substitutes for one another. For 
all this variety of product and variety of purpose, the marketplace failures far exceed the successes, and those 
successes often have very limited lifespans. Could inspection from a technological anthropology perspective, that is 

. to say from an examination of the examination of the product as an item of use that informs the consumption and a 
consumption that reciprocally informs the use, help interpret these successes and failures and help predict future 
marketplace outcomes? 

· The success column for home entertainment devices includes the long-play ( or LP) album, the audiocassette tape 
. player/recorder, the VHS format videotape recorder/player, the compact disk (or CD) player and later recorder, the 
digital versatile disk (or DVD) player and later recorder, and today's hot item the MP3 player in its many versions. 
Compare these with the failures, the entertainment technologies which have quickly fallen out of favor after 
introduction, or sustained a very limited audience: open=reel or Reel-to-Reel tapes; the RCA videodisc, an analog 
precursor to today's videodisc that utilized needle-in-groove technologies similar to gramophone platters; the 
Betamax videocassette player/recorder, VHS's direct competitor; Pioneer LaserDisks, the LP-sized precursor to 
today's DVD; the Super Audio Compact Disk (SACD) and DVD-A (for Audio) disks that provide higher-resolution 
audio than precursor CDs and enough capacity for alternate multi-channel playback. 

A cursory perusal of these two lists reveals little: successes and failures seem almost random and interchangeable. 
Were we to rely on the advertising copy for these products, or the reviews of expert critics for an explanation, they 
would probably take us in a questionable direction. Introductory-stage ad copy typically emphasizes product 
attributes, and promises of greater reproduction fidelity would dominate all other messages for the listed products. 
The critics in question would likely belong to the industry that emerged to suit the audiophile market, and therefore 
may be expected to consider the entrants in terms of their ability to faithfully render sonic qualities. But neither of 
these approaches adequately explain marketplace outcomes: for example, Sony was responsible for the development 
of both VHS and Betamax video technologies and abandoned the former for the greater fidelity of the latter; The 
Pioneer LaserDisk achieved astoundingly sharper pictures than videotape; similarly, the MP3 player is incapable of 
sonic resolution common in CDs, a technology that predates MP3s by twenty years. Until one looks at the 
consumer's use and subsequent interpretations of the technology, predictions of success are virtually inestimable. 
The use-oriented factors that seem to pervade the success 'list, and is most absent in the failure list, are versatility and 
portability. One LP often repiaced a bulky set of78-rpm disks. Audiocassettes were mush less likely to unspool in 
transit than reel-to-reel. The CD, though often superior in. sonics, were definitely more handy than those LPs. With 
their attached protective shells, the RCA videodisks were awkward in handling. LaserDisks promised digital quality 
more than a decade before the introduction of DVD, but were the size ofLPs. And the MP3 player, though 
significantly poorer in sound quality than CDs, can carry the equivalent of dozens of CD albums. In terms of 
versatility, VHS tapes had greater recordable-length capacity than Betamax; along the same lines, DVD 
manufacturers were quick to realize the selling point of throwaway extras -- both as part of an original release and 
later special edition re-releases. While the industry seems determined to emphasize an increase in product fidelity, 
consumers consistently prefer innovations that support individual and mobile consumption. This disconnect would 
seem to bode poorly for the potential of both Blu-Ray and HD-DVD disk formats, recent additions to the audio-
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video market which promise significant improvements in picture resolution and audio signal, but little improvement 
in terms of portability or versatility (although the industry may be cogniz.ant of this factor, as the packaging of both 
these formats are slightly smaller than current DVD keepcases). 

The MP3 market as demonstration. A further demonstration is possible in considering the hot technology of the 
day, Apple's iPod. Launched by Steve_Jobs in October 2001 as an entrant into the emerging MP3 market, the iPod 
soon therea1Jer caught-the American consumer's imagination -- or at least those who were among the five or so 
percent of the market who owned Apple equipment, as Windows-compatible software wasn't available until a little 
more than a year later. Though it did not enjoy pioneer advantage (having been beaten to the market by other MP3-
style players by as much as two and a half years), iPod enjoyed 70 % market share by the end of the' first year. Its 
dominance of the digital music market has continued to this very day: the iPod fueled record profits for Apple in 
2004-5, all the while reducing the company's reliance on the niche PC market. 21 million iPods were sold between , 
the introduction of the Windows-compatible software in 2003 and the final.quarter of 2005, and 6.4 million in that 
final quarter alone (Jones 2005, Levy 2004}: Apple has continued it's sales success by offering numerous iterations 
on their basic product, following its iPod with iPod Mini (smaller and thinner than the original, offered in a variety 
of metallic colors), iPod shuffle (a limited-features bare-bones model with no screen, but economically priced), iPod 
Nano (the improved mini), and a new iPod with video capabilities. 

The iPod shouldn't be viewed simply as a stand-alone product; the hardware portion is little else but an ergonomic 
metal and plastic shell encasing a small hard drive, but the consumption experience is so much more·. Rather, the 
iPod should be acknowledged as the combination of a physical tool connected to iTunes, the combination 
cataloguing software/onliile retail outlet offered for free do'Yfiload by Apple; many industry ~xperts believe it is the 
seamless compatibility of these two ·elements that has driven its market dominance. Indeed, many insiders believe 
that the Apple approach to digital music is what has led the recorded music industry, who for years resisted 
digitmltion in all its forms, to become wholehearted advocates. The connections among ergonomic machine, 
efficient software, newly-encouraged industry, and hungry consumers has resulted in a billion songs (at 99 cents 
apiece) to be downloaded ·via iTunes by Spring 2006. As an indication of the market's growth, by the beginning of · 
2007 that number was two billion, and recording companies that were the most reluctant to join the revolution -- like 
British giant EMI - have since reconsidered .. 

A consumer of an iPod or other MP3 player does not statically consume the device in isolation. When a consumer 
has upwards of two weeks' worth of music in the palm of his hands, his relationship to the music itself is altered (see 
Jones 2005 for an introspective treatment of iPod ownership's influence on the consumer's relationship with music, 
the collection of music, and the notion of transcendence of meaning from music to self) .. And we might expect that, 
as that relationship "is altered over time, his expectations from the technology's hardware or software may change 
accordingly, and drive the necessity for iteration sin the product design. Here are some considerations that may grow 
out ·af a technological anthropologist's perspective on the iPod phenomenon: 

• Sometimes a consumer will own two versions of the same song; this is very likely among classical music 
collectors (with variations by performer or performance date, by instrumentation, or by how authentic the 
performance is by contemporary standards, i.e. the original-instrument movement) or jazz collectors (by 
performer and date, by sidemen, by label, etc.), or even those committed to a given popular artist with 
fanatical followings (given proliferations of studio versus live performances and the existence of multiple 
''bootleg" recorded performances, e.g. Bob Dylan, the Grateful Dead, or Pearl Jam), With the new 
technology, he may immediately compare them without juggling CDs, LPs, or tapes. Does this impact his 
enjoyment of the music, or his subsequent music purchasing pattern? 

• When he downloads music from a website, it's one track at a time, and the ·consumer's concept of that 
track's connection to some greater whole (the album) disappears. Downloads emphasize the primacy of the 
single over the. album, or as Jones would put it, "Albums ceased to matter (p. 20)." Certainly,- this is not an 
isolated reality, as the same effect may be ascribed to the proliferation of compilation albums, including the 
on-going NOW (that's What I Call Music) series, that compile recent popular singles and regularly top best 
seller lists in the week of their respective debuts. But, as downloads increasingly diminish CD sales, their 
impact is more substantial. Much the same way the LP drove conceptual albums and the rise of Album
oriented Rock (AOR) radio formats in the 1960s and the 1970s, with continuance of the long-form 
emphasis in the era of the CD with its 80 minute capacity, the iPod redefines the way people listen and 
organize their music. This may seem trivial, but consumer researchers must ask themsdves: Do singles . 
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buye~ develop a connection with the artist or the label in the same way that album buyers do? Do they 
establish th~ s~e levels of commitment to the genre when they think of music in smaller parcels? 
~en copymg his _CD ~r record collection for use in an iPod, the consumer redefines his relationship with 
his ~wn cons~pt1on history. He_ ask questions that go unasked with respect to traditional media, where 
buymg an add1tlona~ ta~e or CD Just means finding another half-inch of shelf space. What does he like and 
how much does he like it? No matter what the iPod's capacity, from the 512MB shuffle to the 160GB 
~deo-e~anced,iPod, it'sfinite. And that predicates choices. The devotee of Bob Dylan might ask 
himself Sure, I II convert Blonde on Blonde and Blood on the Tracks in their entirety, but exactly how 
much ~f Plan~t w_ave~ do_I really need to carry with me?" All of a sudden, he's rating his collection, and by· 
extension rev1ewmg his history and abilities as a consumer of music. And not just artist by artist, album by 
album, but song by song. If he c_onverts his CD collection for download into .his device, he makes choices 
about his collection: which songs are worthy of converting and which are not? Does this make him 
reconsider his tastes in music, and alter subsequent purchase patterns? 

When downloading music from a website, the consumer has no package or liner notes to consult for 
assistance in interpretation; will that lead to more independence in choosing music, or more reliance on 
anoth~r source like music magazines? With the millions of songs a consumer can potentially purchase, 
either in some traditional form or as a download, the availability of these commercial cues and third-person 
assessments can be critical in the decision to try or not try, to buy or not buy. The lack of such information 
can be confusing and frustrating for the consumer; consider this customer review of a new Bill Frisell 
album from iTunes: 

Forced to submit (2 stars): This is my first time purchasing a recording on/ine, and under 
much duress. The music aside, there are no liner notes to refer to, no artwork to thumb 
through. Which performance is which? Who is playing on each track? 

While the examples offered here are broad, we must be careful not to abandon richness of context while seeking the 
· greater picture. Situational and even demographic patterns may influence the manner in which machine and man 
interact. For example, proto-feminist Germaine Greer (1994) explored the gender differences that result in 
differences of consumption at the height of the CD's popularity. She found that men were responsible for the 
majority of CD purchases, and argued that issues of control were at least partially responsible: men are collectors of 
products such as CDs, in that the act of collecting itself is a way to exert control over the product:"The men I know 
buy every version of every symphony or sonata principally in order to own it ... [m]ale collectors will ask each other 
if they have the latest version in much the same way dogs sniff each other's bottoms." The female buyer, she found, 
was more comfortable buying compilation discs and much more likely to be influenced by the aesthetics of the store 
in which she purchased them. Taking these items into consideration, we might expect a significant difference by 
gender when we examine the interrelationship between consumers and their iPod technology; as was remarked upon 
above, the collecting aspect and the neutral aesthetic of a downloading environment amy be crucial elements in 
predicting what the next generation of product and consumer will be like. 

CONCLUSION 
The anthropological influence on consumer behavior re.search has stagnated in recent years; largely due to a dearth 
in pragmatic outcomes. A new focus on technological anthropology has the potential to rectify that situation. 
Clearly, understanding the meanings consumers invest in .their products is important. But the reciprocal process by 
which those products are offered, and in turn meanings are created through the consumer's use of the product, may 
provide important insights for further iterations in design and appropriateness of promotional message. 
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SURVEYING TECHNOLOGY BUYERS: WHAT DO THEY WANT? 

Ahmad D. Rahal and Luis C. Rabelo 
University of Central Florida 

ABSTRACT. 
The university technology licensing phenomenon has mostly been addressed from the sellers' (universities) 
perspectives. In a fresh look, the author addresses this phenomenon from the buyers' perspectives to explore the 
criteria most crucial to their university technology licensing decision making process, and to shed some insights on 
why some university technologies get lic~nsed while many others do not. . 

INTRODUCTION 
The passage of the Bayh-Dole act in 1980 has empowered academic institutions and allowed them to retain title to 
federally funded research and technological innovations. As a consequence, many universities adopted policies and 
procedures that .facilitated academic technology transfer and resulted in a rapid growth in academic technology 
licensing activities yielding academic institutions around $1.5 billion in 2004. 

A survey; involving some of the most influential technology licensing executive professionals in the United States; 
was used to elicit some insights· into the university technology licensing decision making process The survey 
addressed the following issues: 

• Why do companies license university technologies? 
• How do licensees go about identifying university technologies for licensing? 
• What determinants are most critical to the licensing decision making process? 
• What differentiate university technologies that were licensed from those that were not? 
• At what stage are university technologies being licensed? 
• Why do university technologies fail to reach the commercialization stage? 
• Why do companies avoid university technologies? · 
• Do prestigious universities have better technologies than non-prestigious universities? 

LITERATURE REVIEW 
U.S. corporations have long recognized university related scientific research and inventions as an important source 
oflong term economic growth and technological innovation, and an attractive corporate business-development 
strategy. An extensive literature review identified forty licensing determinants that are crucial or critical to the 
university technology licensing decision making process. These determinants were classified into four different 
categories: 

I. Inventor-Related Determinants 
• Involvement and cooperation as a team player; 
• Being recognized as a technology leader; 
• Inventor's credibility; 
• Realistic expectations about the technology in question; and 
• Incentives to inventor by the licensee. 

II. Technology-Related Determinants 
• Technology's nature & sophistication (high/ low tech); 
• Technology's scope (future uses); 
• Technology's Uniqueness/ superiority 
• Technology's perceived advantages and significant benefits by the user; 
• Technologies' perceived quantifiable benefits and advantages by the user when compared to current 

competing products; . . 
• Technology's perceived sustainable competitive advantages and supenonty by the user; 
• The development time to market; 
• The stage of development of technology; 
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• nie barriers to entry; 
· • The newness_ and the non-obviousness in the technology; 

• • The availability of a functioning prototype; · 
• The technical feasibility (such as technical problems are solvable); 
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• The technology's degree of dependability on other necessary technologies ; 
• _ The technology's degree of compatibility to other necessary technologies; and 
• The technology's identifiable & quantifiable technological risks and weaknesses. 

ill. Market and Commercialization-Related Determinants: 
• The technology's identifiable current and immediate market needs; 
• The absence of a dominant competitor in the technological field; 
• The technology having a large definable potential market; 
• The technology's market growth anticipation; 
• The technology's expected market trend; 
• The time for the technology to reach the target market penetration; · 
• Market accessibility for the technology (no dominant technology); 
• The technology's competitive pricing; 
• The te~hnology has a reasonable probability of market success; 
• Technology having early mover advantage 
• The Research and Development necessary for the technology to reach the product development stage; 
• Technology's expected p.ayoffEeriod; 
• The technology's expected positive return on investment within a specified period 
• The technology's financial risk 

IV. Intellectual property :r:elated determinants : 

• The technology's literature search is completed, and clean; 
• The Patent search is completed, and is clear and clean; 
• The confidentiality of the technology (no oral or written disclosures); 
• The technology has no prior claims; 
• The strength of Intellectual Property; 
• Exclusivity of Intellectual Property. 

THESURVEY 
A. survey was used to elicit data from the Licensing Executive Society's designated licensing professionals whose 
firms' activities are engaged in licensing university technologies and are active participants in their company's 
technology licensing decision making process. The survey addressed several issues which might shed some insights 
on how the university technology licensing de_cision making process are made in corporate America, 

The analysis of the eligible responses showed the respondents to be actively involved in the technology licensing 
process in different technology related fields, with the majority from companies with health and biotech related 
business application focus. The majority of the respondents classified their employers as either large with more than 
5000 employees (45.5%) or small with less than 100 employees (26.6%) with the rest being employed by medium 
size companies. Yearly sales of 51% of the respondents' companies exceeded one billion dollars, while 12.4% did 
not exceed the million dollars mark. As to the respondents' positions in their companies, the surveys showed that 
83% were decision makers in either a top executive or high ranking middle management position, and are clearly 
aware of their employers licensing practices and policies. 52% of the respondents confirmed their company has 
licensed university technologies over the last 5 years' period. 

Why do Companies License University Technologies? 
Of the respondents who confirmed their company has licensed university technologies over the last 5 years, building 
a relationship with the university (28%), having access to highly regarded faculty (16%), and having access to 
qualified students for recruitment (16%), while forty percent attributed o the technology attributes such as licensing 
university technologies for use as platforms, while others used university technologies to facilitate and expand 
current research or to gain insights into new technology innovations and research to improve their competitive edge. 
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How do Licensees go About Identifying University Technologies. for Licensing? 
The survey analysis showed that for many technology licensees, personal contact with the inventors or the 
communication initiated by the university technology commercialization office such as mail, emails, and faxes 
(80%) were the primary sources for identifying university technologies for licensing, while university web sites, 
technology trade shows, publications, and patent search have also been also recognized as other important venues. 

What Determinants are Most Critical to the Licensing Decision Making Process? 
Using a 5 point Likert scale where "l" represents a determinant that is irrelevant, while "5" represents a detenninant 
that is extremely crucial, the survey questionnaire asked the respondents to classify each of the forty technology 
licensing determinants; identified in the literature review; as to its importance to their company's university 
technology licensing decision making pr~cess. The results were summarized and listed in table 1. 

1- Strength of the intellectual property 
2- Significant identifiable benefits 
3- Uniqueness and superiority 
4- Probability of market success 
5- Quantifiable benefits 
6- Sustainable competitive advantages 
7- Exclusivity of the intellectual property 
8- Current and immediate market need 
9- Size of the potential market 
10- Patent clear and clean 
11- Technical feasibility 
12- Development time to market 

Tablet. Ranking of the Most Important Technology Licensing Determinants 

What Differentiates University Technologies That Were Licensed From Those That Were Not? 
The respondents were asked to compare two different technologies, where after necessary analysis and evaluations a 
decision was made to license one and reject the other. The respondents were asked to share the characteristics of 
both technologies as they pertained to the licensing determinants addressed in the literature review process. The 
survey analysis shows that: 

• 64% of the technologies that were licensed had a strong and enforceable intellectual property when 
compared to only 17% for the technology that was not licensed. 

• 97% of the technologies that were licensed were perceived to have quantifiable and identifiable benefits 
when compared to only 73% for the technology that was not licensed. 

• 87% of the technologies that were licensed offered sustainable competitive advantages wheil compared to 
only 56% for the technology that was not licensed. 

• 79% of the technologies that were licensed had good t.o excellent market demand and growth rate potential 
when compared to only 37% for the technology that was not licensed 

• 85% of the technologies that were licensed were addressing some kind of current and immediate market 
needs or deficiencies when compared to only 3 7% for the technology that was not licensed Uniqueness and 
superiority. 

• 73% of the technologies that were licensed were unique and superior when compared to only 24% for the 
technology that was not licensed 

• In 80% of the cases, university technologies were licensed with either some or no restrictions and 
universities were open to negotiation 
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At What Stage Are University Technologies Being Licensed? 
The survey analysis showed the majority of university technologies were licensed at either the embryonic or proof of 
·concept .stage, with only 6% having any commercial applications. However the survey also showed, that these· 
technologies were associated with a very high failure rate with only very small percentage reaching the advanced 
stages of development. · 

Why Do University Technologies Fail to Reach the Commercialization Stage? 
The respondents attributed these failures mainly to technology failures (43%)., the technology's lag of time to 

market (22.5%), the inability of the inventor to transfer the know-how (7.5%) or his lack of cooperation (5%). Some 
li~ensing professionals went as far as accusing universities for technology failures due to their greed and their lack 
of understanding of real markets. 

Why Do Companies Avoid University Technologies? 
The respondents attributed the nature of university technologies such as its embryonic stage and the high failure rate 
associated with such technologies, as the main reasons for not licensing university technologies. Some respondents 
criticized and blamed the universities' licensing policies, their unacceptable demands, and their negotiation 
inefficiencies. One of the respondent accused universities' inability to recognize pressures oftime and money -
"They just don't get it". 

Do Prestigious Universities Have Better Technologies? 
Literature review has shown that prestigious universities have been more successful in licensing the~ technologies 
than less prestigious universities. An empirical study by Sine, Shane, De Gregorio (2003) examined the influence of 
the institutional prestige on the licensing of university technologies and concluded that technical attributes alone 
may be insufficient to explain the likelihood of technology transfer, and that prestigious universities may be better 
able to license their inventions than less prestigious universities not because the technology produced is better, but 
because the universities that produce them are perceived as more prestigious. · 

To determine if our licensing professional agree with such conclusion, the survey asked the respondents about their 
perception of the ability of prestigious universities to successfully license more technologies more less prestigious 
·universities, 20% of the respondents agreed that prestigious universities are perceived to have better technologies, 
while 30% agreed that the purpose of licensing from prestigiou& universities was to be associated with the 
university, built relationship with the faculty, or to get access to students for recruiting. While only 5% agreed that . . 
their technologies are more reliable. About 8% of the respondents credit the success of prestigious universities in 
their ability to license their technologies to the size, organization, staff experience, and funding of their technology 

. transfer offices. In addition 57% of the respondents agreed that prestigious universities have better chances of 
li~ensing their technologies with their companies, while 43% disagreed. 

CONCLUSIONS. 
The survey addressed the university technology licensing decision making process from the buyers' perspectives, 
and sheds some insights on the characteristics of those technologies that were licensed when compared to those that 
were not. The survey analysis shows that pioneering technologies that are unique and superior, and are perceived to 
have clear, identifiable and quantifiable benefits with sustainable competitive advantages, and strong and 
enforceable intellectual properties, have a better chance of being licensed than those technologies that do not. As to 
why many companies avoid licensing university technologies, the respondents cited the embryonic stage of 
university technologies and their high failure rate as some of the reasons for avoiding university technologies. 
Others have expressed their dissatisfaction with the licensing policies of academic institutions and their lack of 
cooperation. 

As for the success of prestigious universities in licensing their technologies, the analysis has shown that their staff is 
more experienced and effective and their technologies are perceived to be better than their less prestigious 
counterparts, and thus have better chances of licensing their technologies. 

In addition, the survey shows that there is a need for a better Industry-University cooperation and understanding of 
each other's needs and further research is necessary to address the outstanding and unresolved issues. 
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TRENDS IN UNDERGRADUATE AND GRADUATE OPERATIONS MANAGEMENT CURRICULA 
. AT LEADING UNIVERSITIES IN THE U.S. 

Nael A. Aly, Alan S. Khade and Gen~ Murti 
California State University, Stanislaus 

ABSTRACT 
This paper studies and analyzes the undergraduate and graduate Operations Management curricul~ at the leading 
ttniversities in the United States. It shows that Operations Management graduate courses in leading US universities 
are well established. In addition, this paper shows that there is a fundamental shift in both undergraduate and 
graduate Operations Management curricula. 

INTRODUCTION 
With the evolution of Operations Management (OM) in manufacturing and later in services, the leading universities 
have made dramatic changes in the OM curriculum in order to better prepare their students to meet the new 
challenges in the ever-changing market place. Traditionally, operations had taken a back room approach, following 
strategies developed by the corporate headquarters in meeting competition. In the last fifteen years, production and 
operations have emerged from a follower status to developing operations strategies to meet competition. Thus well
run companies have welcomed the role of operations in developing competitive strategies using effective 
innovations in processing and technology~ 

Leading universities in the U.S. known for their strong operations management programs have responded with 
changes in their curricula to reflect the reality of Operations Management in world class companies (Chiang, et al, 
2006 and Aly, et al, 2006). The purpose of this paper is to compile and analyze the Operations Management course 
offerings and curricula. at the graduate a,nd the undergraduate levels at these leading universities as well as discuss 
emerging trends in the Operations Management curricula. 

Since these leading universities are trendsetters for the curricula of other universities, it would be of interest to see 
what courses they are offering, and if there is a trend that might be discerned. Since graduate programs usually are 
closer to the cutting edge of recent innovations, they may be the harbingers of the future offerings at the 
undergraduate p_rograms. 

The paper will look at the top fourteen Operation Management undergraduate programs in the U.S. as well as the top 
twenty nine graduate OM programs. 

OPERATIONS MANAGEMENT TRENDS 
During the twentieth century, tremendous changes had occurred in the Operations Management field. For most ofit, 
America dominated the world in creating efficiency in mass production. 

In the 1970's Japan was bolstering its manufacturing prowess by improving quality management and using Just-in
Time (nn manufacture. These helped them to become very competitive in some key industries. Facing the Japanese 
onslaught, American companies began to learn nT and TQM (Total Quality Management) from the Japanese. To 
regain competitiveness in the world market, many US companies implemented TQM programs in the 1980's. In the 
latter half of the 1980's US companies also began to implement a somewhat harder concept, Just-in-Time 
manufacture. · 

By the beginning of the 90's, the European Union (EU) was requiring ISO 9000 certification for products as a 
prerequisite for doing business with them. The advent of computer and internet revolution spawned technology
based solutions, including SAP, ERP, TPM, E-commerce, and Supply Chain Management (Bowersox,2007). 
Almost at the same time, Motorola, and IBM took the lead to evolve Quality Management towards Six Sigma 
(Summers, 2007). Since the beginning of the 21 st century, many companies became interested in implementing Lean 
Manufacturing as a natural progress from the Toyota Production System and now Lean Six Sigma have become all 
the rage (George et al., 2004). 
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Operati?ns Manage~~nt in the las~ two decades had to dynamically evolve as a result of rapid globalization, 
international competition, worldwide sourcing supported by advances in technology and telecommunications. 
Global marketplace presented tremendous challenges and opportunities to the OM field. As can be seen, OM has 
grown from merely a back room operation to a sophisticated discipline which contributes significantly to the overall 
competitive strategies of business. This evolution has not only helped manufacturing but is now successfully 
supporting the service sector- private and public- as well. 

With the evolution of Operations Management in manufacturing and later in services, the leading universities have 
made dramatic changes in the OM curriculum in order to better prepare their students to meet the new challenges in 
the ever-changing market place. 

UNDERGRADUATE OPERATIONS MANAGEMENT CURRICULA IN LEADING U.S. UNIVERSITIES 
In order to study the status of undergraduate operations management curriculum at leading universities, we selected 
a group of fourteen leading universities in the USA. The choice of these leading universities is based on a list of 
universities published on the website of the University of California, Berkeley and a list of America's Best Colleges 
and Best Opera.tions Management Programs, 2006, published by US News Reports. These leading universities 
usually offer cutting-edge Operations Management curricula which can be used as a benchmark for other 
universities. Table I shows the complete list of the fourteen selected universities and their undergraduate 
Operations Management course offerings. The basic courses in Operations Management and Management Science 
are not included in the table because they often represent the core requirements for all business students. 

Table 1 Undergraduate OM Courses Offered By Leading U.S. Universities 
(The listing does not include the basic OM course or Management Science Course) 

University/ Undergraduate Operations Management Course Offerings 
School SCM Quality Strategic Service Project Mat/ lnt'I / Mgml Purchs. Logistics Other Courses 

Mgmt OM OM Mgmt Invent Global Tech. Mgml 
Mamt. OM 

NYU - Stem School Yes Yes Yes 

USC- Ma'Shall Yes Yes Ops. Consulting 
School 

Mgmt Entrp.Ops UCLA-Anderson Yes Yes Yes Yes Yes 
School 

U. Penn-VVl'la1on Yes Yes Yes Yes Ye~ ProcessMgt 
Manf 

Northwestern- KellnrYI Yes• Yes Yes Yes Yes Yes Yes Yes Yes Yes 
Ohio State U- Fisher Yes Yes Yes Yes Yes Lean MamJf. 
UT Austin- McCombs Yes Yes Yes Yes Yes Yes Yes 
MIT-Sloan Yes 
School 

Yes Manuf. Systems 

Carnegie Mellon- Yes Yes Yes Yes Yes Manuf. Science 
TeooerSchool 
u of Michiaan Yes Yes Yes Yes ManfMat 
U of Houston- Bauer Yes• Yes Yes Yes Yes Yes Yes Yes 

Purdue U.- Knmert Yes Yes Yes Yes Yes Yes Yes Yes 

Indiana U. - Kellev Yes• Yes Yes Yes 
Washington U. - Olin Yes Yes · Yes Yes 

Total# of Schools 13 9 7 6 8 8 5 6 4 6 7 
Offering the Colne 

"The SCM course also mdudes the ERP 

In recent years, there has been a significant shift toward developing and including a course in sup~ly cha~ 
management. The Supply Chain Management course is offered by thn:teen_out of the fourteen (931/o) le~dmg US 
universities. As the field of Supply Chain Management has ¥Town rap1d_ly m the last five ~ears, the leadmg US 
universities have added this course to prepare their students for careers m the Supply Cham Management field. 

Although the field of Quality Management has been around for a long time, it is still a rel~v~t and popular fie~d as 
indicated by nine universities offering a course in Quality Management (64~), as ~hoW? _m Fi~e 1. Co~ses m 
Materials/Inventory Management and Project Management are offered by eight un1V~rs1tles (571/o), r;flectmg the 
continuing importance of these fields. The Strategic Operations Management c~urse 1s offered by_ 501/o of these 
universities. This course is becoming increasingly relevant due to the increase m global outsourc~g, t!1e compl~x 
and dynamic nature of global markets, and the need to have a global general management perspective m Operations 
Management. 
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Figure 1. Undergraduate OM Courses Offered By Leading U.S. Universities 
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GRADUATE OPERATIONS MANAGEMENT CURRICULA IN LEADING U.S. UNIVERSITIES_ 
In order to study the status of graduate Operations Management curricula at leading universities, we selected a group 
of twenty-nine top universities in the US. The choice.of these leading universities was based on a list of America's 
Best Graduate Schools With Business Specialties in Production/Operations and Supply Chain/Logistics for 2007. 
These two lists, published by U.S. News and Worl4 Report (2006), each included the top twenty five graduate 

. programs for that specialty. Combining these two lists yielded twenty-nine top graduate programs in both 
Production/Operations and Supply Chain/Logistics. In addition, c;lllother list of the top ten MBA programs known 
for excellence in Operations Management published by The Wall Street Journal/Harris (2006) was also considered 

· Table 2 shows the complete list of the twenty-nine selected universities and their graduate Operations Management 
course offerings. These courses are available to all students in the following programs: Ph.D. in OM, MBA with 
OM related concentration, and MS in OM related fields. Ph.D. Research-related courses as well as the basic 
graduate courses in Operations Management and Management Science are not included. in Table 2 because they 
often represent the core requirements for all students in these OM graduate programs. In addition, the table also does 
not include any graduate courses in Management Science since this paper is focused mainly on Operations 
Management courses. For the purpose of standardization of course titles for inclusion, the actual course names are 
sometimes modified based on the course. 
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Table 2- OM Graduate Courses Offered By US Leading UniversT 11es 
Grad Proarams 

University/School PhD MBA MS 
OM OM OM 

1 MIT/ Sloan yes 

2 Purdue Univ. yes yes 

3 Carnegie yes yes 

Mellon Univ. 
4 U. of Michigan yes M 
5 Stanford yes 

6 U. of Penn yes yes 

7 Harvard yes 

8 Northwestern yes MM 
9 Columbia Univ. yes 

10 Indiana Univ. yes yes SCM 

11 U. of North yes SCM 

Carolina 
12 UCLA yes yes 

13 MichiQan State yes SCM SCM 

14 Ohio State yes yes 

15 U of Chicago yes yes 

16 GeorQia Tech yes yes 

17 UC Berkeley MOT yes 

18 UT Austin yes yes 

19 Arizona State SCM SCM 

20 Cornell Univ. yes yes 

21 Dartmouth/Tuck 
22 Duke Univ. yes yes 

23 New York Univ. yes yes 

24 U of Maryland yes yes yes 

25 U of Minnesota yes yes 

26 Penn State SCM SCM MM 
27 U. of Wisconsin yes yes 

28 U of Arkansas SCM 

29 U of Tennessee LM yes 

Number of Schools 25 25 5 
% of Schools 86 86 17 
SCM-Supply Chain Management 
SOM- Strategic Operations Management 
Serv OM- Service Operations Management 
MIM- Materials/Inventory Management 

Graduate Operations Manaaement Course Offerinps 
SC QM SOM Serv PM MIM lnt'I MOT PR LM-
M OM OM MGT 
yes yes yes 
yes yes yes yes 

yes yes 

yes yes 

yes 

yes yes yes yes 
yes yes yes 
yes yes yes 
yes yes yes yes 

yes yes yes 

yes yes yes yes 

yes yes yes 

yes yes yes yes 

yes yes yes yes 

yes 

yes yes yes 

yes yes yes 

yes yes yes yes 

yes 

yes yes 

yes yes yes 

yes yes yes 

yes yes yes yes 

yes yes yes 

ye~ yes yes ·yes 

yes yes yes 

yes yes yes yes 

yes 

yes yes 

26 16 25 18 
90 55 86 62 

yes 

yes yes yes 

yes 

yes yes 

yes yes 

yes 

yes 

yes yes 

yes yes yes 

yes 

yes yes 

yes yes yes 

yes yes yes yes 

yes 

yes yes yes 

yes 

yes 

yes 

yes 

yes yes yes 

yes yes yes yes 

yes 

yes yes 

yes 

11 13 9 12 
38 45 31 41 

QM- Quality Management 
PM- Project Management 
LM- Logistics Management 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

9 
31 

yes 

yes 

yes 

yes 
-

yes 
-

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

13 
45 

lnt'I OM- International Operations Management 
MOT- Management of Technology 
MM- Manufacturing Management 
M- Manufacturing PR MGT- Process Management/Analysi~/lmprovement 

Supply Chain Management 
The Operations Management curricula across these top 29 universities show a fast pace of change in the courses 
offered. Supply Chain Management courses, .relatively unknown just ten years ago, are now by far the most popular. 
Figure 2 shows that 26 out of 29 (90%) US leading universities offer at least one graduate course in Supply Chain 
Management. The robust and growing trend in Supply Chain Management is a reflection of globalization of · 
Operations Management curriculum in tune with the growing international trade and outsourcing of manufacturing 
and services. Furthermore, 14 out of 29 ( 48%) of these top universities offer two or more courses in Supply Chain 
Management, 8 out of 29 (28%) offer three or more courses in Supply Chain Management. At least five of the top 
US universities have a graduate program in Supply Chain Management. Traditional courses in Inventory 
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Management, Materials Management, Production Planning, are being offered by fewer and fewer universities. These 
c~urses are being replaced by courses in Supply Chain Management courses. This trend in the curricula and the 
Operations Management programs indicate a fundamental _shift from the traditional courses such as Inventory 
Management, Production Planning/Control, and Logistics to Supply Cha~ Management. 

Figure 2. OM Graduate Courses Offered By Leading U.S. Universities 
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Strategic Operation Management 
A graduate course ·in Strategic Operations Management is offered by 25 out of29 (86%) of the top 29 universities. 
This synchronizes with the increase in popularity of Supply Chain Management courses. Since Supply Chain 

· Management studies a strategic view of the entire business enterpri~e, therefore, a graduate course in Strategic 
Operations Management is a natural consequence of the growing-trend in Supply Chain Management courses. All 
universities that have Supply Chain Management course(s) have a course in Strategic Operations Management. 

Other Operation Management Courses 
Service Operations Management course is offered by 18 of the top 29 ( 62%) leading U.S. universities. This also is 
expected because there is steady growth in the U.S. service sector as the economy is gradually reaching the maturity 
level. Quality Management is still a popular graduate course at 16 of the top 29 (55%) U.S universities. Management 
ofT_echnology course is offered by 12 out of the 29 (41%) leading US universities. The offering in the graduate 
programs ofa Management of Technology course is about the same level as that in undergraduate program. 

Even though topics such as Lean Manufacturing, Six Sigma, and Lean Six Sigma are currently popular among many 
World Class orgatfu.ations, few courses devoted to these topics are offered at the top 29 universities. For example, 
Six Sigma courses are offered by only 4 of the top 29 (14%) leading US universities. While only 2 of these 
universities (7%) are now offering courses in Lean Enterprise. 
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EMERGING TRENDS AND CONCLUSIONS 
By studying the undergraduate Operations Management curricula in thirteen of the leading US universities which 
o~ers ~~ pro~s, and ~om~aring those with the graduate Operations Management curricula at the same 
uruvers1ties, some mteresting differences, as well as some similarities, are observed. The most frequently offered 
OM course at the un~er~~uate and ~duate levels is Supply Chain Management, where 93% of the undergraduate 
programs at these uruvers1ties offer this course, compared to 90% of the graduate ones. Service and strategic OM 
courses offered at the graduate level are significantly higher than that at the undergraduate one. Quality Manage
ment is slightly less emphasized at the graduate level. Global OM is one of the least offered OM course at both 
undergraduate and graduate levels. Interestingly, very few leading U.S. universities are now offering a separate 
Purchasing Management course at either the undergraduate or the graduate level. It is apparent that leading U.S. 
universities have merged Purchasing and Logistics courses into the Supply Chain Management course. This may 
explain the high ranking of Supply Chain Management courses, and the lower rankings for both Logistics and 
Purchasing Management courses at both undergraduate and graduate level. Dedicated courses to Six Sigma, Lean 
Enterprise, and Lean Six Sigma are still scarcely offered at the undergraduate and graduate levels. 

It is safe to copclude that the graduate programs in the leading U.S. universities are adapting faster to changes in 
Operations Management practices compared to the undergraduate ones. They are also better able to evolve from 
traditional Operations Management curriculum, such as Materials/Inventory Management, and Quality Management 
than the undergraduate ones. 

In the near futw-e, we anticipate the Operations Management curricula to continue the trend of adding multiple new 
courses in the Supply Chain Management field. Courses such as Global Operations Management, Logistics, and 
Purchasing are likely to merge into the Supply Chain Management area. While, courses in Strategic Operations 
Management, Management of Technology, and Lean Manufacturing will most likely emerge stronger. Finally, 
courses covering Quality Management, Materials/Inventory Management, and Project Management are likely to 
decline from their current levels of offering. 
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DEVELOPMENT OF AN INTEGRATED LOGISTIC SUPPORT SYSTEM (ILSS) IN 
SYSTEMS BEYOND DESIGNED LIFE 

M. M. Marshall and K. R. Lambert 
University of South Africa (UNISA) 

ABSTRACT . 
An Integrated Logistic Support System (ILSS) can be considered as supporting a complex system during its ex
pected life-cycle. The process for developing an ILSS is known and used in military and industrial complex systems. 

· The successful implementation ofan ILSS _will support the .sustainable achievement of the overall intent and objec
tives of the complex system. Within an industrial setting this will provide a competitive advantage. To design, pro
vide and maintain an ILSS where a system or'its parts is beyond its designed life, can prove difficult. This will be 
especially so in combination with challenges in key elements of the ILSS. This paper will discuss the implications 
and advantages of developing an ILSS for systems that are being used beyond their normal lives. 

INTRODUCTION 
Logistics not only influences an organization, but also the world wide economy. There are two ways in which this 
occur. Firstly, logistics costs are among many expenses incurred by organizations which affect various economic 
considerations and in turn are also influenced by these economic considerations. Secondly, logistics is responsible 
for numerous economic transactions and also facilitates the sales of services and goods as well as_ the customer ser
vice associated with this. Since the early-1990s, customer service has been the main focus of many organiz.ations 
(Lambert, Stock and Ellram, 1998). Logistics can improve the competitive advantage o{many organizations. 

Successful Integrated Logistic Support (ILS) can only be practiced with the proper Integrated Logistic Support Plan 
(ILSP) in place. This plan is traditionally developed during the concept phase of system procurement (Jones, 1998) 
or at the start of a new business. The ILSP is continuously updated through all the life-cycle stages to manage the 
ILS function (Jones, 1998). The effective execution of an ILSP for prior to implementation of complex, high tech
nology systems, or to the start-up of a business,. will guide management throughout the life-cycle of such applica
tions to ensure that they are effective ancl competitive. The effect of a successfully implemented ILSS includes: 

1) A more effective system being utilized by its customer throughout the system life-cycle; 
2) The system will conform to the user and operational requirement statement throughout its life span; 
3) A more efficient business that runs smooth enough and is predictable so that budgets are met, forecasting is 

realistic, actual expenditure is measured and no surprises becomes visible; 
4) No premature activities during the predicted life-cycle of a system that brings forward crisis modifications, 

upgrades or expensive repairs where budgets and system usage are negatively affected; and 
5) No expensive failures in long lead-time, expensive and critical components. 

IDSTORY 
Logistics 
"Logistics, which includes the integration of many activities and elements, has become significant in each phase of 
the system/product life-cycle." (Blanchard, 1992: xvi). "Logistics support is viewed as the composite of all consid
erations necessary to assure the effective and economical support of a system throughout its programmed life-cycle. 
It is an integral part of all aspects of system planning, design and development, test and evaluation, production 
and/or construction, consumer use, and system retirement. The elements of logistics support must be developed on 
an integrated basis with all other segments of the system." (Blanchard, 1992: 11). 

Logistics as a formal area of study is based upon military history. During the earliest wars for which records are 
available, (e.g. 490 & 481 BC) the armies lived off the land or had supplies shipped (Encyclopaedia Britannica, 
1974). During the early 171t1 century, an increase in army size was notable, and this affected the ability to provide 
logistic support, which was still very much focussed on food and basic supplies. Maintenance personnel and equip
ment logistics were in the form of blacksmiths, etc., who followed the rest of the camp. Also, a commercial example 
is the Cape of Good Hope in South Africa, which was established to provide logistic support consisting of food and 
basic supplies for trade routes. 
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The n~e of mili~ operations was changed by the introduction of steam-driven machinery during the Industrial 
Revolution o~the 19!!! ~en~. Al1?ough changes in weapons systems required more complex support systems, 
these could still be ma~tamed on s_ite (Encyclopaedia Britannica, 1974 ). During the latter part of the 1 <fo century the 
telegraph, the ~eamship ~d t~e ratlroad had a serious effect on logistics. The 2o!l! century saw more efficient meth
ods of electromc coi~mmm~ation, such as ~he radio, television, telephone, radar, high-speed computers, and telepho
tography,~ _well as_ mvention o~the gaso!me powered vehicle. Thus, an ILSS and techniques changed in order to 
suppo~ this _mcreasmg comp!e~ty of ~qwpment. In point of fact, this increasing technological complexity made it 
essential to unplement ILSS m mdustrial applications as well (Encyclopaedia Britannica: 2004: 12-13). 

As~ example of the current complexity in a military environment, Pagonis (1 992) mentions that during the Gulf 
War m the Y~~ between August 1990 and August 1991, more than 122 million meals· were planned, moved, and 
served.1.3 Btlhon gallons of fuel were pumped, 52 million miles were driven and 31 800 tons of mail was handled. 
Armies -~ave nee~, which are always complex and numerous, and at times contradidtory. Support services include 
ammumtion, social counsellors, planes, carpenters, bakers, morticians, cashiers, tanks, and bureaucrats. "Running 
Logistics for the Gulf War has been compared to transporting the entire population of Alaska, along with their per
sonal belongings, to the other side of the world, on short notice." (McKinsey Quarterly, 1991, in Pagonis, 1992:1). • 

Integrated Logistics Support System (ILSS) 
Integrated logistics evolved over time and was influenced both by the requirements of systems and their complex 
environment, as well as by the technological capacity to provide integrated support. This capacity has been greatly 
increased by technological advances in communications, data storage and information technology, among others. If 
one considers the amount of documentation that is produced in an engineering environment to research and develop 
a high-technology system, the amount of printed material can amount to truckloads if printed in hard copy. How
ever, in our technology advanced era, such documents can be stored on electronic media to vastly reduce the space 
required to store documentation. 

Although ILSS originated in military applications, they are currently used in wide ranging industrial applications 
such as civilian radar, navigational aids, satellite earth stations, and National Aeronautics and Space Administration 
(NASA) space shuttles. One such application in South Africa is the.Pebble Bed Modular Reactor (PBMR.), a nuclear 
power station currently partly being designed by the Nuclear Division of Integrators of System Technology {1ST). 
Jones (1998, 2ruS reprint) confirms that ILSS is no longer used only in military applications, but has become an inte
gral part of industrial systems as well. In this work, Jones provides examples-of the application ofILS to shipping, 
rail systems, commercial aviation, and the petroleum industry. 

Maintenance of systems varies depending on the system and its environment. Typically, ILS for military systems in 
South Africa is performed by privately outsourced contractors performing depot level repairs on the military high
technology systems. ILS, although originating in a military environment, is also used in industrial settings in South 
Africa including nuclear power stations such as the Pebble Bed Modular Reactor (PBMR.) that is in development, 
radar systems, navigational systems, petrochemical industry, and satellite earth stations. 

The petrochemical industry typically has planned shutdowns at set intervals to conduct sche.duled and unscheduled 
maintenance. Nuclear power stations are also typically shut downed at planned times for maintenance outages. The 
PBMR project in South Africa plans a maintenance outage of a few months every six ~ears. E~ery. minute (if not 
second) of downtime during planned outages for petrochemical and nuclear power station apphcations has an asso
ciated cost. This consists of revenue lost, and also of spares, materials and maintenance personnel costs. Thus, such 
a maintenance shutdown needs to be planned down to the finest detail. 

~ Literature 
The study and implementation of an ILSS is made difficult by various authors' de6:11itions for logistics and _inte-
grated logistic support. The various authors are from different decades of the ~entieth century~ and fro~ different 
disciplines ranging from NASA, to Military Standards, to engineering and to mdus°?'. !11ese discrepanci~s lead to a 
misunderstanding, and misinterpretation of the words "logistics" and "integrated logistics sup~ort" ·. The hterature 
studied included military (standards, specifications, procedures and handbooks) as ~ell as ~ngmeenng and m~age
ment sources. It is clear that the background and the intended audience of all matenal studied ~ust be take~ mto 
account when the stated terms ( e.g. Logistic, ILS and ILSS) and the identified components and unplementatton 
methods are compared. 
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Some key definitions of ILS from the military, engineering, industry and the various authors are provided below: 

Mz1itary · 
Various military sources were consulted for the definition of ILS, these were US MIL-STD-1368-A (1988), US 
Army Regulation 700-127 (1999), and Department of Defence Directive·(DoDD) (1983). The definition from MIL
STD-1368-A (1988:7) will be used in this paper, and is as follows. 

"The disciplined, unified, and iterative approach to the management and tec~cal activities necessary to: 

• Integrate support considerations into system and equipment design; 
• Develop support requirements that are related consistently to readiness objectives, to design, and to each 

other; 
Acquiresupport;and 

• Provide the required support during the operational phase at minimum cost." 

Engineering 
Blanchard ( 1992), in his book "Logistics Engineering and Management," views. integrated logistics support of a sys
tem from an engineering and management perspective, as well as support throughout the systems life-cycle. Blanch
ard (1992: 13) defines integrated logistics support as follows: 

Industry 

"A management function that provides the initial planning, funding, and controls which 4elp to as
sure that the ultimate consumer (or user) will receive a system that will not only meet performance 
requirements, but one tliat can ·be expeditiously and economically supported throughout its pro
grammed life-cycle; A major ILS objective is to assure the integration of the various elements of 
support, i.e., test and support equipment, spare/repair parts, etc." 

There are various industrial definitions of integrated logistics support and these include Hutchinson (1987), Quayle 
(1993), Jones (1998), Lambert & Stock (1993), as cited in Juga (1996), and Adler (1967), as cited in Juga (1996). 
Although Jones views ILS as .a technical discipline for military forces, he also discusses the ILS of industrial sys
tems such as shipping, rail systems, the petroleum industry, ~d commercial aviation. He views ILS in a non
military environment as customer services or product support. Jones definition of ILS is as follows: 

"Integrated Logistics Support (ILS) is the disciplined and unified management of the technical lo
gistics disciplines that plan and develop support for military forces. In general this means that ILS 
is the management organization that plans· and directs the activities of many technical disciplines 
associated with the identification and development of logistics support requirements for military 
systems. There are comparable organizations outside the military, which provide the same capa
bilities. In a commercial company this organization may be called product support, customer ser
vices, or many other similar names.1

' 

Proposed definition 
Based upon the various definitions available, the authors ofthis paper have developed a definition ofILS within the 
context of a high-technology system in a developing country. The authors' definition is as follows: 

"A management responsibility which ensures that the most appropriate, reliable productls and/or 
technical service/s supplied are of the highest quality and are both efficient and effective, are of 
the correct. quantity, at the co"ect location, at the correct time to support a system throughout its 
intended or extended life-cycle at the minimum cost. " 
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ILS Sub- Elements 
TRADITIONAL ILS 

ILS consists of various sub-elements The defin·ti fth b 
• • • • 1 ons o ese su -elements are defined by various authors includ-
mg, but not h~ited to, Blanchard (1992), Jones (1998), Finkelstein & Guertin {1988), MIL-STD-1368-A (1988), 

Armb Y
1

Regultsathmn 
7

bOO-l~7d {l~fi99d), Carpenter (l967), and Langford (1995). Following from these authors a list of 
su -e emen ave een 1 enti e and are depicted in Table 1 below. 

Maintenance support; 
Support and test equipment; 

• Supply support; 

• Pac~g; handling; storage and transportation {PHS&T); 
• Technical data and documentation· 
• Facilities; ' 
• Manpower and personnel; 
• Training and training devices; 
• . Computer resources; 

Reliability; availability and maintainability {RAM), or dependability; 
• Configuration management; 
• System operational requirements; 
• Obsolescence;·and 
• Disposal. 
=!=g992), Jones (1998), Finkelstein & Guertin (1988), MIL-STD-1368-A (1988), Army Regulation 700-127 (1999), Carpenter (1967), 

Table 1: ILS Sub-elements 

A system requires a maintenance philosophy and maintenance concept in order to define roles and responsibilities 
for maintenance. Maintenance performance can be measured by various factors, including but not limited to avail
ability, mean time between failure {MTBF), and mean time to repair {MTTR), etc. 

Support and test equipment is required to measure, test and detect failures ~d ~lso to set up a system. Transportable 
systems as well as sub-assemblies and spare parts of systems require transportation from one site to another. This 
implies special handling requirements, specific storage requirements, and the need to be packed and packaged in a 
required manner to minimize damage during handling and transpol"Ultion. · 

The system requires specific data and documentation for support in the form of technical and operator manuals, op
erational software, etc. The system also requires specific facilities in order to house the system as well as training 
facilities to accommodate students and lecturers. Manpower and personnel with the required skills, qualifications 
and competencies are required to support the system. Specific training requirements are needed for the personnel 
and adequate training devices are needed to train the personnel to the required skill level. 

Computer resources are needed in the form of software, hardware and firmware needed to support the system as well 
as support and operation of the support and test equipment. RAM is needed to determine the reliability and the re
quired performance characteristics of the system. The availability of the system needs to be known in order to plan 
for maintenance. Maintainability of an item needs to be known in order to inake a decision ofwl)ether to repair an 
item upon failure or to discard it. Configuration manag~ment is required to identify parts by their characteristics, 
because parts sometimes must be replaced by' improved designs. Hence configuration control is essential, necessitat
ing periodic system audits. The system needs to have an operational profile, that is the purpose for which it was 
built, and/ or acquired. 

Obsolescence occurs when the system and/or some components are no longer supported by the original equipment 
manufacturer (OEM). In such cases, specific· compone~ts become obsolete, thus rendering the entire system obsolete 
due to the fact that it is no longer supportable. Disposal needs to be done when a system is no longer needed, or has 
become obsolete. Disposal can be accomplished either by means of physically dismantling th~ system and selling 
the parts, or selling the complete system to another user. It can also require the controlled or environmentally ac
ceptable destruction of the system or sub-system. Restoration or rehabilitation of the site may also be required. 
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Obsolescence . 
It Js important at this point to expand upon the issue of obsolescence. Complex high-technology systems suffer from 
component obsolescence and may then require further redesign, modification, and/or refurbishment to provide or 
sometimes improve the systems operational capability. Defining and un4erstanding obsolescence is important. Ob
solescence could be considered as Diminishing Manufacturer Sources and Material Shortages (DMSMS). DMSMS 
can be defined as {ARINC, 2000): . 

. " ... the loss or impending loss of manufacturers or suppliers of critical items and raw materials due 
to discontinuance of production." 

. Obsolescence can therefore be regarded as having been reached when spare parts are no longer available, either due 
to the original manufacturer having discontinued the manufacture of the spare .part or due to the fact that the original 
manufacturer no longer exists. Some manufacturers even design and plan for obsolescence, ensuring that their newer 
or upgraded products are regularly introduced.to the market (sometimes before a previous model is more than a year 
old). Such marketing maneuvers are intended to gain an advantage over competitors. Certain fast moving consumer 
goods (FMCG) are simply too expensive to repair ·(beyond economical cost to repair) and the same, or more techno
logically advanced, product is less expensive to purchase than to repair. 

It is not only electronics components affected by obsolescence, although electronic obsolescence occurs within a 
few years anq sometimes months. Non-electronic components also become obsolete, however, this may not occur as 
rapidly as for electronic components, and might be supportable for years if not decades (Howar~ 2002). Thus the 
desire to extend the li~es of systems may be opposed or even contrary to obsolescence of their components. An 
excellent example of this is in d~fense related systems. Here the length of the life-cycle is increasing, while at the 
same time the critical components have shortened manufacturing lives. 

All equipment is affected by obsolescence throughout its intended and/or extended system life-cycle. Obsolescence 
is not confined just to systems, but also to software, support and test equipment, standards, processes, and logistics 
products (Haub, 1997; cited in Meyer, et al, 2003). The risk, as determined by probability and severity, of an obso
lete component varies from system to system, as some components may have a critical function within the system, 
and could limit the operational capability of the· system. 

Obsolescence can also affect an org~tion through the loss.of knowledge and skills needed to support a system or 
sub-system. The effect of personnel turnover, where an individual's knowledge and skills are lost, especially if it is a 
scarce set of skills and hard to find and replace in the .market. Personnel also retire from an organization, resulting in 
the loss of critical skill sets. In this case, rare skills are often lost that are related to older technologies. A specific 
example of this has become clear in the current process of development of the PBMR.· In approximately 1987, the 
. academic institutions in South Africa no longer accepted students wishing to study nuclear programs. In approxi
mately 1994/1995, the nuclear development program halted. Many individuals left the nuclear environment and fur
thered their careers in other industries. Now there is a newly created, high requirement for related nuclear knowl
edge in the PBMR project. Personnel with the relevant knowledge in this industry may not be willing to relocate, or 
are happy within thejr current environment and has no desire to do another career change. 

The attitude towards obsolescence in different environments and countries is very important. According to Sherwin 
(2000:141), Kenya repairs toasters while the USA discards them. However the toasters in Kenya are much more 
robust, less expensive to purchase, are technologically simpler and are therefore easier to repair than toasters in the 
USk This may be the result of lack of access to resources and funds to replace products or systems, or merely due 
to an aversion to a wasteful attitude. The culture within an organisation, industry, or even a country will influence 
this attitude. 

Complex systems consist of many years (sometimes between five and ten years) ofresearch and development engi
neering utilizing new generation technology. These complex systems are designed, developed, and manufactured to 
have very long life-cycles (typically in the range of between 20 and 40 years). The long development and imple
mentation phase create further supportability concerns, especially when multiple complex systems need to be manu
factured. Electronic components originally used during the design and manufacturing phase for a particular group of 
systems, might be available for the initial system production but could be obsolete when the final units are manufac
tured. 
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Systems that are used beyond their expected life-cycles and suffer from component obsolescence are often upgraded 
and/or refurbished to extend the system life. The ILSS may not necessarily be fully upgraded at the same time and 
key elements may be neglected leading to reductions in cost effectiveness and performance. When a system is be
yond its designed life and has been upgraded in an ad-hoc manner, it is unlikely that the ILSS implemented origi
nally will still be useable. 

Planning and management to manage the risk associated with obsolescence have typically been re-active within 
most organisations that utilize complex systems. This mindset needs to be changed to a proactive one about compo
nent obsolescence and DMSMS (Livingston, 2000) to ensure sustainable performance and competitive advantage. 

REALITY BITES 
The purpose of implementing an ILSS is to support a complex system throughout its expected life-cycle. The suc
cessful implementation of an ILSS will support the sustainable achievement of the overall intent and objectives of 
the system. However, the frameworks and processes used for definition and implementing an ILSS described in the 
literature depend on specific underlying assumptions. Some of these are: 

1) The systems are being used according to their original design specifications and user requirement state-
ment~ (including designed life and usage pattern); · 

2) If and when the systems are formally upgraded for extended life. ILSS is also upgraded; 
3) System integration is taken into account in any change or upgrade; 
4) Fully developed and .sustainable OEM and other support systems are available; 
5) The knowledge, skills and technology required for support are readily available. 

Obsolescence reality 
Several systems were studied as part of this analysis. These included: radar, navigational and guidance systems and 
satellite earth station ( all in the operational phase), as well as the PBMR (in the design phase). Interviews and dis
cussions with other specialists, in industries such as the aviation and radio telescope confirmed the results of the case 
analysis. 

~ 
Many of the high-technology systems considered in cases and through interviews are used beyond their intended 
and/or extended life-cycle and suffer from system aging and component obsolescence. Some legacy systems within 
the South African environment are up to 30 years old. Extending the usable.life of these complex systems requires 
specially trained staff, as well as specialized suppo.rt and test equipment in order for them to perform their intended 
operational objectives. 

· A specific complex high-technology system in South Africa, consisting of l O such systems, has a high consequence 
of failure and happens to be approximately 30 years old. Some of the sub-systems of this system are from different 
developers, suppliers and different technological eras, therefore suffering from obsolescence and DMSMS. This 
system is beyond its expected life-cycle and has had several upgrades, including a major upgrade during the last 10 
years to six of the 10 sub-systems. It is expected that-this system will be used for another .five years following this 
recent upgrade. · · · 

Supportability and Obsolescence 
The original equipment manufacturer (OEM) does not necessarily support a system for its intended or formally ex-

. tended life-cycle. This may be due to the fact that intended lif~-cycle exceeds that of the original design considera
tions, or because the OEM finds it more profitable to offer other products and services. Sometimes an OEM goes 
completely out of business or is purchased by another company, even a direct competitor. An international OEM 
may not necessarily have an office or representative in South Africa, and even if they initially had one or the other, it 
could possibly not be maintained over the life-cycle of a system. This makes sourcing and purchasing components 
and accessing information difficult and reduces supportability and could even induce premature obsolescence. 
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Obsolescence arid DMSMS could also be created as suppliers do not necessarily send outupdates or information 
no~ces regarding specific issues on equipment, or the users of the equipment do not receive these notices. This is 
more likely ifit is ari overseas supplier and the user is ·situated in a developing country. Even if the OEM is willing 
to support older equipment, excessive lead times are the norm as the manufacturer may need to specially make the 
part if it is no longer commercially of the shelf or it was a specially made ·component where only a certain number 
was originally manufactured. 

This situation often leads to re-design or re-engineering of existing elements. 9r at least the development of alterna
tive repair practices to increase the supportability. Another of the systems studied originates from an overseas sup
plier, and the system recently had to be overhauled to meet operational requirements. When the b'ut of warranty 
technologically advanced, multi-layer printed circuit boards-in this system failed, they had to be sent to the supplier 
for repair. The cost was prohibitive due to repair costs as well as freight costs, especially with the un-favorable ~x
change rate. Subsequently the decision was made to repair the printed circuit boards in South Africa. Special solder
ing and repair stations were purchased, and the technical repair staff has been trained and the cost has been reduced 
significantly. · 

System Operating Environment and Usage Pattern 
Systems may also be used in extreme harsh environmental conditions, where temperature, humidity, sea spray and 
dust levels ar~ not within the original design or specification parameters of the components. Certain systems can 
also be operated outside of an environmentally controlled building· for practical reasons, such as where obstructions 
affect the .radio signals if within the line of sight and navigational aids that are used on runways. rransportable sys
tems may also be moved through a variety of operating environments over rough terrain and un-maintained dirt 
roads, thus inducing extra vibration on the equipment. The usage patterns can also be different from that intended by 
the original specifications of the system, subsystems or components. The high-technology systems ·are only robust 
up to a certain threshold ·under these circumstances. 

The system operating environment and ·usage pattern will therefore impact on both the usability and the potential 
obsolescence. This is due to various reasons, including the impact on warranties, excessive failure rate as well as 
the potential unsuitability for the application that can lead to obsolescence. 

Summary of Reality 
As described in this section the impact on supportability and obsolescence, especially in a developing country will-. 

affect the underlying assumptions required for the development of an ILSS. The following may be better assump
tions under the actual situation: 

1) Many complicated high-technology systems are used beyond their intended and/or extended life-cycle and 
suffer from system aging and component obsolescence; 

2) Some legacy systems are old (in certain cases more than 20 years) and require specially trained staff as 
well as specialized support and test equipment to support the old (possibly obsolete), technology to ensure 
that they perform their intended operational objectives; 

3) The high utilization rate,. even over design capacity, of expensive, and difficult to obtain assets, to obtain 
required benefits is common ('sweating the assets'); and 

4) Ad hoc repair/replace decisions and long-term capacity overload (referred to as the 'taxi-mentality' based 
on the utilization of mini bus taxis in Africa). 

Based on the difference between the underlying assumptions and the reality faced by systems within the reality in a 
developing country, the identified sub-elements of ILS (as shown in table 1) have bee_n interpreted and the con
straints elaborated on. This is shown in Table 2. 

Maintenance support is sometimes lacking, not planned and implemented properly, and may even induce 
failure due to substandard work due to lack of appropriate support material or access to specific support; 
Support and test equipment have become obsolete sometimes before the actual equipment becomes obso
lete; 

• Supply support and spares are not always readily available and have to be ordered from overseas suppli
ers and obsolescence and diminishing sources and support applies; 
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Packaging; handling; storage and transportation (PHS&T), items being sent from one country to an
other for repair are not packed, packaged, preserved and marked properly, causing further damage and 
failures to the repairable equipment. Storage of items is not always according to the original equipment 
manufacturer specifications. Traveling in some developing countries can be very challenging at times; 

• Technical data and documentation are not kept up to date and are damaged and lost, the technical manu
als may not necessarily be in the maintainer's first language and documentation for older technology 
may not be available in readily transportable or accessible format; 
Facilities are expensive to build and maintain, sometimes the ideal facilities are not always available and 
the systems use whichever facilities are readily available; 

• Manpower and personnel issues concern the required skill level and competency of the person to do the 
job, especially given the very r~al skills shortage and wide variety of technologies that is needed to be 
maintained; · 

• Training and training devices typically the countries that develop and design and manufacture high
technology systems such as radars and navigational aids, supply technical manuals in English and the 
technical staff-may not have English as a first or even a second language, making it difficult for them to 
understand the manuals and repair the system; 
Computer resources and systems also become obsolete, due to technological advancements; 
Reliability; availability and maintainability (RAM), the system actually needs to be reliable, available 
and maintainable in its operational environment and modes of operation; 

• Configuration management, all items that need to be under configuration control need to be actually 
identified and controlled and audited; one system in South Africa, does not necessary follow the princi
ples of configuration management and amendments to manuals are not controlled; various versions of 
the same technical documentation are in circulation; 
System operational requirements need to be known so that the correct type and quantity of resources can 
be allocated, this is also important from a maintenance issue, e.g., six yearly maintenance outages for a 
nuclear power plant this includes a thorough understanding of the operating environment and patterns of 
usage; 
Obsolescence needs to be proactively managed and not reactively as this causes delays in the system 
becoming operational again; and 

• Disposal of the system needs to occur at a later stage in the systems life-cycle; some systems are being 
sold to overseas clients, some are being mothballed, while others are being cannibalized. 

Table 2: ILS Sub-Elements within Constraints of a Developing Country 

CONCLUSION . 
. This paper has discussed the development ofILS in systems beyond their designed life. Logistics influence the . 

world wide economy as well as that of an organization. Logistics costs are only one type of cost influencing an or
ganization but can amount to a considerable percentage of total cost to an organization. The terms "Logistics" and 
"ILS," and "ILSS" have a military connotation as these concepts originated within the military domain. However, 
these concepts are being used in such applications as the aerospace and petrochemical industries, radar and naviga
tional systems, satellite earth stations, and nuclear power plants. 

The definition ofILS is seen to differ, depending upon·whether taken from a military, engineering, or industrial con
text. Definitions of ILS given by the various authors depend upon their respective backgrounds. It is necessary to 

. understand the underlying definition of an author to analyze and utilize the resultant work. An ]LS consists of vari
ous sub-elements, viz. maintenance support, ·support and test equipment, supply support, PHS&T, technical data and 
documentation, facilities, manpower.and personnel, training and training devices, computer resources, RAM, con
figuration management, system operational requiremen~, ~bsolescence and disposal. Each of these elements must 
be managed separately and also managed in an integrated fashion for an effective ILSS. 

Through the study of supportability and obsolescence within the context of a developing country the consequences 
of specific challenges and risks were identified. These· risks might be lower in other contexts, both in terms of likeli
hood and significance of impact. However, the assessment of the risks and development of pro-active mitigation 
strategies and plans can have a significant impact on the ability of complex systems to deliver on their design intent 
and operational objectives. 
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In the introduction, the influence and effects of a successfully implemented ILSS were described. However, if an 
U.,~ _is not implemented successfully, or becomes less well aligned over time, the implications are as follows_: 

l) The systeni owner may have to deal with obsolescence challenges; 
2) There will be many complexities in supporting the system and maintenance; 
3) There may be a l~ck of requisite technical skills; · 
4) Sub-systems of systems may be from various developers and technology generations, making integration 
· · .difficult and causing obsolescence concerns; 
5) Configuration management may not be managed effectively; 
6) Systems are used beyond their intended life-cycle and are often upgraded ad-hoc and piecemeal to extend 

system life; .,. 
7) Life-cycle Cost (LCC) and total cost of ownership are increased; and . 
8) No efficient configuration manageme~t is applied with associated impacts. 

A potential competitive advantage due to a specific complex system used as an asset base to deliver products and 
services needs to be supported over its life-cycle. Such complex, high technology and expensive equipment must 
deliver their required functionality in the intended manner to achieve the original objectives. Where the life of a 
complex system is extended beyond the original design, or supportability and obsolescence impacts on the ability of 
the system to deliver on the intent and objectives, it needs to be addressed pro-actively. Successful implementation 
of an ILSS can enable an organization to deliver products and services effectively and efficiently in a competitive 
business environment. 
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A FRAMEWORK FOR VISUALIZATION IN THE STRATEGY PROCESS 

Ken Platts, University of Cambridge, U .K 
Martin Eppler, University ofLugano, ~witzerland 

INTRODUCTION 
"There is perhaps no process in organizations that is more demanding of human 
cognition than strategy formation." (Mintzberg, 1978) 

The creation of strategy is one of the most difficult tasks for practising managers. It requires the simultaneous analy
sis of both the external environment, within w.~:rich a company operates, and its internal strengths and weaknesses. 
Externally, managers need to analyse te~hnologies and societal trends, the behaviour of competitors, customers and 
regulators, and changing legal and environmental constraints. Internally, they need to critically assess their tangible 
and intangible resources. Tangible resources include their products, their.facilities, their installed capacity and their 
plant and equipment, intangible resources include various tacit forms of product knowledge and process knowledge 
such as skills, operating procedures, relationships with customers and suppliers~ 

Analysis, however, is only the first stage. Having developed an understanding of the current situation and trends, the 
second stage ·is the synthesis of a future direction. Managers need to select the products, with which to compete, and 
the markets to compete in. They need to select the right resources and decide how to configure, cpordinate and con
trol these to provide the necessary capabilities to profitably serve the needs of these markets. All this needs to hap
pen within a framework of legaI: environmental and financial constraints. These analytical and synthetic tasks im
pose huge cognitive demands on the people involved. 

Sf:rategy formation is very rarely an individual activity, except in very small,. entrepreneurial companies. In most 
organisations, strategy formation requires the bringing together of groups of people with different functional back
grounds, and often from different hierarchical levels. · It is necessary to get these people to cooperate in the formation 
of strategy, to share knowledge and. perspective.s and to contribute ideas. This imposes significant social challenges. · 

A strategy that is not owned and not implemented is worthless. For successful implementation, there needs to be 
buy-in and commitment from not just the senior executives, but from the entire workforce. This imposes significant 
emotional challenges. 
This paper contends that the use of Visualization in the strategy process provides support for the cognitive, social 
and emotional chatlenges encountered in strategy formation and implementation. It starts by looking briefly at the 
strengths of Visualization and then offers a framework for Visualization in the strategy process. Finally, it suggests 

. how the framework might assist managers in choosing and using appropriate Visualization support in the strategy 
process. 

STRENGTHS OF VISUALIZATION 
"A picture paints a thousand words." (Anon) 

The above saying, which is said to derive from an old Chinese proverb, ( although this is contested), very neatly cap
tures the immense cognitive benefits of visualisation. Visual methods can significantly enhance the acquisition, rec
ognition and processing of data and information. Work such as Larkin and Simon (1987), and Tversky (2005) has 
shown that the capacity of a human's input channel is greater when visual abilities are used. It is not just the collec
tion of data that is assisted by visual methods. It has long been established (Gestalt psychology, see for example 
Ellis, 1938) that human brains have a strong ability to identify patterns and that visual methods facilitate sense mak
ing. Pictures have been shown to inspire creativity and imagination, (Buzan, 2003). DeBono (1973) suggests how 
visual methods can enable the switching of perspectives and reframing of problems in order to enhance creativity. 
Vessey {199l)also considers that Visualization can help problem solving. 

Mintzberg et al. (1976, 255) identified two cognitive thinking styles essential for strategic decision making, namely 
divergent (creative/expansive) thinking and convergent (analytic/reductive) thinking. Visualization has been shown 
to greatly assist both types of thinking (Rhodes, 1994 ), although different forms of visualization are required for 
each. 
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Th~ above cognitive benefits of Visualization are complemented by significant social and emotional benefits. The 
social challenges for managers revolve around communication and coordination. Visualization has much to offer in 
this area. Hom ~ 1989) and Tufte ( 1983, 1990) suggest that Visualization is ideally suited for communication and 
presentation. yisua1 ~~taphors can pr?vide a way of gaining mutual understanding (Morgan, 1986). Visual arte
facts can proVIde exphc1t reference pomts for mutual coordination and alignment (Bechky, 2003). Visual methods 
are also very useful for surfacing areas of disagreement (Sparrow, 1998), often in a non-threatening way. 

The _em~tion~l challenges for managers' relate to their ability to motivate and engage their peers and employees. 
Aga~ VISual nnages_ and ?1etap~ors ~~ provide powerful support in these tasks. Symbols have, throughout history, · 
proVIded a sense of identity, be It rebg1ous symbolism, national symbolism, or even symbols related to the member
ship of a fraternity or a local group. A s_ubset of the discipline of Semiotics looks at how signs and symbols can be 
used to create and communicate meaning, part of which is the aspect of emotional engagement. The Union Flag, the 
Christian Cross, the emblem of the local football team all evoke emotional reactions. Although the roots of Semi
otics can be traced back to the 1 in century, more recent work has expanded beyond symbols to more complex visu
alisations. Buzan, ( 1995) and Huff (1990) have described how pictures can create involvement and engagement with 
an issue, and ~spire imagination. Buzan (2003), shows how pictures can help people identify with a subject or 
course of action and motivate them. It has also been shown that visually facilitated discussions can lead to a more 
productive handling of conflict, (Mengis and Eppler, 2007). 

The next section shows how ~ese different aspects of Visualization can support the strategy process. 

A FRAMEWORK FOR VISUALIZATION IN THE STRATEGY PROCESS 
The previous section showed how visualization can provide support to management tasks, offering many cognitive, 
social and emotional benefits. This section will describe a framework, which is designed to show how Visualization 
can assist the process of developing and implementing a business strategy. The framework has been designed to 
serve two constituencies: practising managers; and management researchers. For practising managers, the frame
work should help them in applying visualization to the strategy process. It should enable them to identify, for each 
stage of the strategy process, what needs to be visualised, what the ~enefits of Visualization are, and what methods 
might be used. For management researchers, the framework provides a structure within which they can position the 
methods that they have developed, and helps them to identify areas where knowledge is lacking. 

The framework for strategy visualization is structured around four s~ges of the strategy process: analysis; develop
ment; planning; and implementation. For each stage of the process, the framework identifies: the type of strategy 
content that needs to be visualised, (What does the Visualization need to show?); the benefits ofv!sualization, (Why 
can Visualization be useful?); and the visualization methods that can be used (How can the Visualization be carried 
out?). The framework is shown in the Figure 1 below. 

The following sections describe each stage of the strategy process, identifying what needs to be visualised, the bene
fits of visualisation, and the methods of visualisation . . An example Visualization illustrates each stage. It should be 
noted up front that the categorisation of the visualization formats should not be seen as absolute. Sometimes, it may 
make sense to apply sequencing methods in the analysis.stage (for example to re-construct an emergent strategy), or 
use a structuring method in the implementation stage to communicate the s~tus-quo to employees. 

Analysis Stage · . 
The analysis stage of the strategy process is concerned with accessing and structuring data and infonnat10n on the 
external environment, within which a company operates, and on the internal strengths and weaknesses of the com-

pany. 

In this stage, visualization mostly serves the purpose of representing and synthesizing quantitat_ive an~ qualitative 
data. Although much of this data can be gathered from. exist~g comp~y s?~ces, not all ~ata ts of this form. ~ 
addition to gathered data, managers' opinions, basic assumptions, and imphcit ~derstandmgs need to be surfaced, 
made explicit, and made accessible to all involved in the strategy pro~ess. T~i~al gathered ~ta that may have to be 
visualized during this stage are sales and market statistics, as well as mtemal mdicators regardmg past events and 
developments. Opinions that should be visually represented include assessments about market threats and opportu-

nities, as well as internal strengths and weaknesses. 
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Figur~ 1: A Framework for Strategy Visualization 

In the analysis stage, visualiz.ati01_1 is most valuable because of its cognitive benefits. Specifically, visualization en
ables managers to process more data (through its synthetic ability) and avoid information overload and subsequent 
mental shortcuts or cognitive biases (Das & Teng, 1999). In addition, visualization can be used to elicit the implicit 
mental models of managers and align the assumptions present in a management team (see for example Huff, 1990). 

In this stage, managers can employ information visualization methods that structure a great amount of information· in. 
an ordered way, so that (convergent) synthesis and inference processes become possible. Hence, Structuring 
Methods are the most commonly used techniques in this stage. These provide a ready-to-use structure ( often with 
predefined categories) to organize and synthesize information. Quantitative data, typical of sales and market data is 
often summarised by using standard techniques such as: Bar charts; line charts, pie charts, etc. Qualitative data can 
be structured in many ways. Standard structures, such as 2 by 2 matrices can be customised by the user for a par
ticular application, or may have already been customised for specific tasks, for example the Boston Consulting 
Group Matrix or the SWOT matrix. Other task specific visualisations also exist, for example, Porter's five forces 
diagram, ~-curve diagram, which allow particular perspectives to be taken. 

An example of a typical Visualization that might be used in this stage is the Boston Consulting Group Matrix (see 
Figure 2). This is a visual representation of the of market growth rate of a product ( or business) plotted against its 
relative market share. It provides one way of categorising a product portfolio. 

Development Stage . 
In the strategy development stage, visualization aids the generation of options for action. These options include po
tential strategic goals, milestones, activities and possible resource deployments. By visualizing all feasible options 
an~ their parameters, they can then be more easily assessed, selected, and made operational in the subsequent plan
ning stage. 
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Figure 2: The Boston Consulting Group Matrix (source: http://www.quickmba.com/strategy/matrix/bcg/) 

~ this stage, the cognitive benefits of visualization are still present, but increasingly the social benefits of Visualiza
tion become apparent. The cognitive benefits of Visualization here are twofold: firstly, it can enable the re-framing 
of current views and foster a change in perspectives (for example by switching levels of analysis or time horizons or 
by visualizing issues from an outside view); secondly, it can facilitate the systematic and global comparison of many 
options. In this stage, the social, co-ordination function of visualization plays an important role, by enabling a trans
parent and focused discussion and prioritization of the developed options. For the maximum social benefit, visuali
sations should be designed and used in a way that allows mangers to interact with them. This could be in the form of 
manual methods, for example, sticking adhesive notes or symbols onto a chart, or in the form of computer supported 
visualisations. This might be done with an interactive software package running on a computer with a projector, al
lowing all managers to see and update the picture. 

Strategy development requires firstly the generation of options, and then the assessment, and reduction of options 
until a particular course is selected. Visualization methods, therefore, should first support divergent thinking in order 
to assist managers in the development of a great variety of feasible options and scenarios (i.e., visual brain-writing). 
This multitude of options can then be assessed and combined with more convergent visualization tools (for example 
morphological boxes). Hence, Elaboration Methods are used. These provide rules and a relatively open structure 
to elaborate on infonnation, discover new patterns, build a common understanding and deve~op options. In the di
vergent phase, techniques such as knowledge mapping, concept mapping (Novak, 1991), mind mapping (Buzan, 
2003), can open up areas for consideration. In the convergent phase, techniques such as decision trees, or morpho
logical boxes can be used to help select particular courses of action. Figure 3 shows some of the Visualization tech
niques that might be used at this stage. 

Planning Stage 
In the planning stage, the strategy becomes much more tight'y defined. The broad aims are now translated into spe
cific objectives, and plans to achieve these are formulated. This includes the development oftimelines, resource 
allocations, responsibilities and deliverables. In the planning stage, convergent thinking along a time axis becomes 
paramount. Here visualization can assist managers in focusing on a reasonable sequence of goals and actions. In the 
planning stage, the social function of visualization becomes crucial. The main benefit of v!~ual_ization in ~s s~ge is 
to provide for the easy communication of the planned sequence of goals and steps. By fac1htatmg commumcat10n, 
the use of Visualization can lead to new insights regarding possible positive or negative interdependencies among 
goals or implementation steps. The visualization of the planning information can also be helpful in the subsequent 

implementation stage. 
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Figure 3: Typical_ Visualisations used in the Development Stage (Tan & Platts, 2005) 

Hence Sequencing Methods are the most common forms of Visualization used. These use chronological rules, 
categories and graphic structures to organize information, such as objectives and actions, to show precedence anq . 
interdependency. Techniques can be generic, such as timelines; or can be increasingly specific, e.g., CPM diagrams 
(Critical Path Method), and PERT diagrams (Project Evaluation and Review Technique). Figure 4 shows a typical 

· network diagram, which can be used to sequence activities and identify a critical patp.. These can be generated by 
hand, or by means of a software package, as in this case, which was generated by Microsoft office. 
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· """-•"'· ~ut ;»,w : .. 
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Figure 4: A typical network diagram 
used in the planning stage 
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Implementation Stage 

In 1!1e implemen.~~n. s~e, actions, .relationships and results need to be visualized. Actions may be departmental 
projects, strategi~ lilltiatives .of a busmess unit, or the required behaviour patterns of individual employees. The re
sults of these actions are typically captured in key perfonnance indicators and provide valuable feedback to man
agement whether strategic progress is made or not. 

In this stage, the emotional impacts of Visualization come to the fore. A great strength of a carefully constructed 
visualization is that it can trigger positive emotions and motivate a workforce through engaging images and inspiring . 
symbols. Creative, thinking is needed in order to develop images that will capture the employees' attention and 
imagination and promote buy-in for the new strategy through original and informative ways of communicating it. A 
new strategy that uses old, cliched ways ~f communication may run the risk of indifference or cynicism on the part of 
the employees. In addition to this emotional benefit of motivation, cognitive and social benefits are also present. 
The ability to visualize progress in real-time and highlight areas where the strategy implementation may not be going 
smoothly allows managers to visually track the progress of the implementation process and quickly identify devia
tions from the plan. Use of a common Visualization by managers in different functional areas can be used to pro
mote an unde~ding of the 'bigger picture' and build a sense of common purpose, while ensuring that individuals 
know where their own activities and goals fit in. 

Interaction Methods are used here. These provide an interface to capture, aggregate, present and explore informa
tion. Visual metaphors are in common use in this stage. One class of metaphors stresses the importance of gathering 
controlling data together in a summary form such as management controlling dashboards/cockpits, (using the anal
ogy of the flight deck of an aircraft). Another class uses the metaphor ofa controlled journey using for example, 
tracking diagrams such as flight plans. A third, and increasingly common, class uses a journey across a landscape. 
Here a goal might be represented by a mountain peak, and a rough track might represent the general direction of the 
strategy. Obstacles to be overcome on the journey might be represented by rivers or canyons which need to be 
bridged. The bridging activities might be key tasks, the achievement of which rep~ese~t .specific miles~ones, .and so 
on. The benefit of this type of representation is that it can be evocative and hence mspmng and engagmg. Figure 5 
shows an example of such a visualisation. 

Figure 5: A visual metaphor as an interaction and tracking medium (Hewlett Packard) 
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DISCUSSION: USE OF THE FRAMEWORK 
The sections above have highlighted some of the challenges associated with strategy formulation and implementa
tion, and suggested how the benefits of visual methods might assist in tackling these challenges. This section draws 
on the above to show how the framework might offer guidance to managers wishing to assess the potential of a par
ticular Visualization technique for use at a particular stage of the strategy process. 

Step 1: Identify .the stage of the strategy process being undertaken 
The framework illustrates how the tasks ve:ry as the strategy process move~ through different stages. In the early 
stages tasks are concerned with getting to grips with the complexity of the situation in an analytical sense. The mid
dle stages are initially concerned with exploring options and subsequently with narrowing down to a chosen course 
of action. The latter stages are concerned with programming the actions in detail and monitoring progress. Thus the 
types of data, and the treatment of the data will va:ry substantially from stage to stage. It is essential as a first step to 
be absolutely clear about the stage being undertaken and the objectives of that stage. If this is crystal clear, then the 
next steps become more straightforward. 

Step 2: Identify the data/information that needs to be visualised 
For each stage the following questions might be addressed. Is the data about facts, or opinions? Is it static, or dy
namic? Are trends important?. Are benchmarks and comparisons important? Is the data used for analysis, develop
ment or trac_:king? Is exploring linkages among data items important? Is looking for patterns important? Do you want 
to prompt ways of thinking "outside the box?" Does the stage demand expansive, or reductionist thinking? 
Is prioritisation imp(?rtant? Is an understanding of sequence and dependency required? Is tracking ~ta required? 

Step 3: .Check_that the Visuali7.ation is appropriate for this data 
How well does the Visualization meet the requirements identified in Step 2? 

Step 4: Identify the social and emo~ional challenges associated with the current stage . 
For each stage the following questions might be addressed. Who needs to interact with the data? Is it an individual 
or a group setting? Is the purpo~e of the group to explore issues or to narrow down to a consensus? What are the 
levels of conflict expected or experienced? Is' there a need to coordinate tasks or people? What levels arid types of 
communication are required? To what·extent is there a need to engage, encourage, and motivate staff? 

Step 5: Assess to what extent the Visualization addresses these challenges. 
How well does the Visualization meet the requirements identified in Step 4? Does it match the complexity of the 
task, but also the target groups and application situation? Assessing suggested visualisations using the above steps 
linked to the framework presented in Figure 1 should assist in selecting those appropriate to support the strategy 
process. This approach provides a check on a visualisation. Once it has been selected, it does not suggest visualisa
tions that might be used to support a specific task. Further work is needed before this can be achieved. 

The next stage might be-to assign attributes to Visualization techniques, so that selection of appropriate techniques 
can occur based on ·their primary format, their cognitive, social and emotional features, and their potential applica
tions. Appendix 1 shows a partially populated structure that might provide a way of doing this. An alternative might 
be development of the ideas of a Periodic Table of Visualisations (Lengler and Eppler, 2007, see below). 
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A PERIODIC TABLE OF VISUALIZATION METHODS 
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Figure 6: An interactive periodic table of visualization methods that structures 
100 visualization formats for management (www.visual-literacy.org) 

CONCLUSION 
This paper has presented a' framework for positioning visualisations within the strategy process. It has outlined an 
approach for managers to use when assessing whether a particular Visualization is appropriate for use in the strategy 
process. While the framework is useful in bringing together the cognitive, social and emotional benefits of Visuali
zation and linking them to stages in the strategy process, it does not yet provide an approach for selecting an appro
priate Visualization for a particular task. Further work is needed before such a goal could b~ achieved. Another 
future area for research is to examine the potentially negative effects of visualization methods in strategizing. Can the 
visualization method proposed above also lead to negative effects? Can these potentially negative effects of the visu
alization method be avoided through facilitation or software support? Such potential risks are for example, shallow 
analysis instead of in-depth discussions, ambiguous symbols instead of clearly labelled elements, ·unbalanced contri
bution to the visualization instead of input from all crucial members of management. Such issues should be examined 
in real-life strategizing contexts that employ visualisation. 
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APPENDIX 1: Visuali7.ation Classification of Methods for Use in the Strategy Process 

Visualisation Primary Format Cognitive Social Emotional Application ~ 

Scatter Plot Structuring Understand relationship Communication Low Analysis 
between variables 

S-curve Structuring Understand position in Elicitation, communica- Low Analysis, development 
life cycles tion 

Bar chart Structuring Gain overview on data Communicate findings Low Analysis 

Line Chart Structuring Gain overview on data Communicate findings Low Analysis 

Pie Chart Structuring Understand proportions Communicate findings Low Analysis 

Pareto chart Structuring Understand root causes Communicate findings Low Analysis 

BCG Matrix Structuring Understand status-quo Clarify common situation Low Analysis 

Porters 5 Forces Structuring Achieve big picture on Clarify common situation Low Analysis 
market situation 

Mind Map Elaboration Develop new ideas Joint brainstorming Medium: engage partici- Development 
pants 

Decision Tree Elaboration Explore options Joint deliberation Low Development 

Ansoff Matrix Elaboration Explore new options Joint brainstonning Low Development 

Morphological Box Elaboration Combine elements Combine different ideas Low Development 

Gantt chart Sequencing Understand sequence Align expectations Low Planning 

CPM Sequencing Understand sequence Align expectations Low Planning 

PERT Sequencing Understand sequence Align expectations Low Planning 

Roadmap Sequencing Show future develop- Align COllll11:0Il agree- Medium: Creates cohe- Planning and implemen-
ment ment on future steps sion and excitement tation 

Cockpit Interaction See current level of Signal implementation Medium Implementation 
achievement through problems to others 
indicators 

Flight plan Interaction See current implementa- Signal implementation Medium Implementation 

tion status problems to others 

Trail Interaction See current implementa- Signal implementation High Implementation 

tion status . problems to others 

Tube Map Interaction See current milestone in · Signal implementation High Implementation 

perspective problems to others 

Root Map Interaction Understand the strat- Adopt the strategy to a High Implementation 

egy's rationale department team 
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PRODUCTION YIELD USING THE PASCAL DISTRIBUTION 

.J. S. Sutterfield, Paul Nkansah, Kitwana M. Pounsel and Charlene M. Minatee 
Florida A&M University 

ABSTRACT 
Seve~l'models fo~ calculating production yield with a rework cycle have b~en proposed, using one type or another 
of probability distributions, to describe this type of production process. One· such model assumes an infinite number 
of rework cycles and a binomial distribution. There are obviously some limitations to such a model. In this paper a 

· different sort of model is proposed in which the number of rework cycles can be terminated at any number, and the 
probability distribution describing the production process is assumed to be a Pascal. This article, as will be seen, 
contributes to the existing literature by providing a more realistic approach to the problem of production rework, and 
one which has more practical value. · 

INTRODUCTION 
For production systems producing relatively large numbers of products in a single lot, using a stable manufacturing 
system, quality sampling at the manufacturing site is performed relatively less frequently until sampling reveals that 
a quality problem has developed. In such production situations, it is also the case that quality sampling is deferred 
until the time of shipment of a lot, at which time a sample is drawn to assess the quality of the lot. In such 
production situations,. when the probability of producing a defective unit is low, it is desirable to know how many 
production units must be run in order tQ reasonably expect to have an adequate number of good items,. less 
defectives, to satisfy a given production quota. Further; it is possible to calculate the cost of defectives at which _it is 
economically justifiable to perform 100% inspection (Chase, Jacobs and Aquilano). In such cases; it is desirable to . 
size the production run such that it has a high probability, say 95%or 99%, of satisfying the required production · 
q1:1ota. Also, in such cases it has been generally assumed that the production process is best described by a binomial 
distribution (Nevins and Whitney 1989). However, there are some serious problems with this assumption. 

Although the economics of rework pose a very .significant production problem, most such papers deal with the 
issues of production remanufacturing in various contexts. For instance, Flapper, et al (2002) have performed a 
survey of the planning and control of rework in the process industries. Also, Lund (1998) discusses the fact that 
remanufacturing accounts for a very·significant portion of the business volume in the United States, and Nasr, et al,. 
(1998) that the area ofremanufacturing employs a very significant number of workers in the United States. This 
paper takes an analytical approach to choosing rework processes so as to minimize the cost of rework. Inderfurth 
and van der Laan (2001) have analyzed the relationship between lead-time and stochastic inventory control in 
remanufacturing. Similarly, Tang and Grubbstrom (2005) have dealt with stochastic lead times and deterministic 
· demands in the issue of manufacturing/remanufacturing with returns. While this paper does not specifically deal 
with the issue of rework, the model used (pg. 286) is similar to the model developed later in this paper. Flapper and 
Teutner (2003), and Inderfurth, et al (2003, 2005) have analyzed the issue ofrework when the units undergoing 
_ rework suffer deterioration before rework occurs. The latter Inderfurth paper is aimed at cost minimization with 
deterioration. Also, Lindner, et al (2001), Flapper (2003) and Inderfurth, et al (2003) have addressed the issue of 
planning and control problems introduced by rework when the normal production units arid the units to be reworked 
use the same production equipment. 

Abd~l-Malek and Asadathom (I 996) have analyzed the problem of process planning with rework. Using the 
specified tolerance limits _for products, the order of processes for rework is analyzed so that rework is achieved at 
minimum cost. However, the focus of this paper is to determine the most cost effective process(es) for reworking 
defectives so as to ~ring them within the required tolerance limits. · 

In summary, a survey of the available literature indicates that little work has been done in the area of rework and 
practically none in the effect of the distribution assumed to describe the production process with rework included. 

An example of the production cycle with rework as proposed by Nevins and Whitney (1989) is shown in Figure 1. 
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The following variables for this model are defined as follows: 

q - required production yield 
M - unit material cost 
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u - number of units which must be processed to achieve "q" 
P - processing cost, including testing 
w - number of units which must be reworked 
R - cost of rework and/or material replacement 
y - capability of process P 

In the above model it is assumed that "q" units of material are started through the production process, each having a 
cost of"P." As each undergoes the manufacturing process, it is tested, and incurs a cost of"P" for production and 
testing. Some of the units processed will be found good, and contribute toward satisfying the required production 
yield "q." However, a number "w" of these units will be found defective, and will either have to be reworked or 
replaced. Thus, ''w'' is comprised of those units that can be successfully reworked, and some number of makeup 
units to account for those units that cannot be successfully reworked. Then, as this system arrives at steady state, the 
number of units "u" to pass through the production process is ... 

u=q+w 

Further, Nevins and Whitney describe the capability of the process as having a binomial distribution in which ''y," 
the process capability, is ... 

y 
q + 1 

q + m +1 

where ''m" is the mean number of units failing to pass the inspection process. 

METHODLOOGY 
The question that is to be answered with this analysis is that given a ~ertain Yield "_Y," that must be met by a . 
manufacturing process "M," having capability "c," and given a ce~m n1;1ffiber of times ~hrou~_the rework cr_cle 
"R," how many units of''N," must be started? Figure 2 below depicts this p_rocess, and 1s exhibited as the basis for 
developing the pertinent equations for the proposed approach to the production rework cycle. 
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Figure 2 - Modified Production Cycle with Rework 

The following variables for this model are defined as follows: 

N - number of units required to realize a production yield of Y, where N ~ Y_ 
M - Manufacturing and testing process 
R ~ rework cycle 
C - capability of p_r_ocess 
Y - required production yield 
w - fraction of rejected units that can be reworked 

Now, it can be shown (Sutterfield, Nkansa, 2006) that for a required production yield of "Y," and permitting ''p" 
passes through the rework cycle, that the number of units ''N'' that must be initially started is expressed by 
equation 6) as follows ... 

6) 
N = _Y_*_.[1_-_(_1-_c_)_* _w_] 

.. c*[l-(1-cY *wP) 

Thus, in order to arrive at a production quota "Y'' ·after ''p" passes through the rework cycle, it is necessary to start 
''N'' units. Again it should be noted that if "M" were perfect, viz, that the capability of "M" were equal to I, ''N'' 
would be equal to "Y." Thus, if the production process were perfect, it would be necessary to start only ''N'' units 
through to arrive at a production quota of "Y." On the other hand, if c = 0, ''N'' would have to be infinite to achieve 
a production quota of"Y." 

Next, the nature of the production process itself is considered. Since there are only two possible outcomes for a 
reworked unit, either pass or fail, the production process can be characterized as involving what are known as 
Bernoulli trials, that is, a process that produces only one of two possible outcomes. The best known example ofa 
Bernoulli process is that of flipping a coin: Here the outcomes are either "heads" or ''tails," two and only two 
possible outcomes. In the case of the production process, each outcome is eitlier ''pass" or "fail." It might be 
tempting to use the binomial distribution to describe the production process, but this wo~ld entail some problems. 
First of all, use of_the binomial involves performing a fixed number of repetitions, "k," and calculating for the fixed 
number of repetitions the probability of the desired outcome "r." For the binomial, this is expressed as shown in Eq. 
7: 

7) P(X = r) = (~) * c'* (1-ct-r 
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where k > r and as indicated in Figure 2 above " " · th b·1· · · · - ' . . . , c ts e capa 11ty of the production process. For the bmom1al the 
e~~te~ val_ue IS the number ofre~etI~ons, "k," times the capability of the process, "c." Now, the binomial ' 
d~b~tion IS adapte~ for our app_hcatton by setting the production yield process equal to the expected value for the 
bmomial. The result 1s as shown m Eq. 8. 

8) Y=k*c 
where .. . 

Y - the required production yield 
k - the number of repetitions performed 
c - the capability of the production process 

Now since the. expected value for any probability distribution divides it in half, Eq. 8 shows that in order to achieve 
a 50% probability of obtaining the required production yield "Y" it is necessary to perform "Y /c" repetitions. 
However, for production processes, the production yield is a certain number, stipulated in a production agreement, 
and is not a matter of probability. What is desired, then, is a probability distribution to describe the production 
process in which it is not possible to have fewer than the required "r'' outcomes for "k" repetitions. For such a 
distribution we turn our attention to the Pascal. With the Pascal distribution, it is assumed that "k-1" repetitions have 
been performed resulting in "r-1" successes. The probability is then calculated of obtaining the "rh" desired 
outcome, i.e. the production yield of"Y," on the "k!h" repetition. The Pascal distribution is as shown in Eq. 9: 

. 9) P(X = r) = (k-l) *Cr* (1-cl-r 
r-1 

where once again r 5 k. It will be seen that with the Pascal distribution, the fewest number of repetitions required to 
obtain the production yield "Y" is "k" repetitions. Now it can be shown that for the Pascal distribution the expected 
value is ... · 

10) E(k) = ! 
C 

Since the Pascal distribution is not so well known as the Binomial, the derivation for both the expected value and the 
standard deviation of the Pascal are shown in the Appendix. It was pointed out above that with the Binomial 
distn"bution, the number of trials is fixed and the probability of some number of successes ~alculated. By w~y of 
contrast, with the Pascal distribution the required number of successes is 6:xed and the requ~ed number of tnals 
required to achieve these successes is calculated. Adapting Eq. 10 for our purpose we obtam • • • · 

11) 

The number of trials required for a given yield may be:contrasted ~or the Bin_omial and ~e P~cal. ~ order to .d?. 
this we designate the repetitions for the Binomial requrred to ~btam the requrred production yield with a probab1hty 
of50% equal to "k8." Then using Eq. 8 from above, we obtam •·· 
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F.or the Pascal we designate the expected number· of repetitions as "kp." Then using Eq. 11, 
we obtain .. ~ . 

13) k p 

y 

C 

Next, it is desired to compare the expected number of repetitions for the Binomial required for a 50% probability of 
satisfying "Y," with those of the Pascal required for a 50% probability ·of satisfying "Y." In order to fairly do this it 
is necessary to set the expected value of the Binomial, "Y," equal to the expected number of repetitions, "kp," for the 
Pascal. Proceeding, Eq. 14 is obtained as ... 

14) . k *c B 

Then, solving for "k8 ," we obtain Eq. 15 as ... 

y 
15) 

Now, solving Eq. 13 for "Y'' and substituting into Eq. 15, we arrive at ... 

16) 

y 

C 

Thus, upon direct comparison, it is found that to achieve a 50% probability of satisfying the required production 
yield, the only case for which the numbers of repetitions for the Binomial and the Pascal would be equal occurs 
when c = I, i.e., a perfect process. For all values of c < I, the realistic case, more repetitions of the Binomial will 
always be required than for the Pascal. In general, then, it may be said that to achieve any given confidence level of 
having satisfied the production yield, the number of repetitions required with the Binomial will exceed those of the 
Pascal. This can be visualized more easily by comparing the cumulative distributions of the Pascal and Binomial. 
As we do so, it should be observed that the individual points in these distributions have been connected with straight 
lines to better depict the shapes of the distributions. 
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Binomial Distribution for k = 130 
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Binomial Distribution for k = 130 
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Figure 3 - Binomial Probability Density Function 

Cumulative Binomial for k = 130 
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Figure 4 - Binomial Cumulative Probability Function 
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Pascal Distribution for r = 100 
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Figure 5 - Pascal Probability Density Function 
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Figure 6 - Pascal Cumulative Probability Function 
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First, we consider the binomial density function. The comparisons shown above are for that number of repetitions 
of the Binomial, and then of the Pascal, required to achieve a number of good units r = 100. As a practical matter 
for equitable comparison of the two approaches, it fs also necessary to increase the number of repetitions for the 
Binomial such that there is a slight probability of obtaining r = 100, but also such that the probability of achieving 
any number r < 100 is effectively equal to zero, i.e., P(r < 100) = 0. As can be seen from Figures 3 and 4 below, this 
condition is met at approximately k = 130. The consequences of this are that with the Binomial it is necessary to 
perform 117 repetitions to achieve a 50% probability of obtaining r = 100 good units; while with the Pascal, as 
shown in Figure 5, only 111 repetitions are required to obtain the same pr9_bability. Further, Figure 4 shows that 
with the Binomial, to achieve a 95% probability of obtaining r = 100 good units it is necessary to perform k = 122 
repetitions. Turning to the cumulative Pascal in Figure 6, it will be found necessary to perfortfi only 117 repetitions 
to obtain the same probability that r = 100. In summary, the consequences of this analysis are that viewing a 
production process as being described by a Binomial distribution rather than a Pascal will always result in the , 
production of more units than with the Pascal. While this difference is not great in the example above for a small 
production requirement of 100 units, it will become quite pronounced for larger production requirements of say r 2:: 
1,000, resulting in the incurrence of significantly greater expense to satis_fy a given production requirement. Thus, 
we proceed having established the Pascal distribution as being a more satisfactory description of the production 
process than the Binomial. 

Using this . result, we now solve Eq. 13 for ''Y'' and substitute the result into Eq. 6. for "Y.1
' For the Pascal 

distribution, this results in Eq. 17 as ... 

17) N 
c * k p * [1 - (1 - c) * w ] 

1 - (1 ~ C) P * WP 

A similar approach results in Eq. 18 for the Binomial distribution as follows ... 

18) N C 
2 * kB * [1 - (1 - C) * w ] 

1 - (1 - C) P * W P 

Interpreting these equations, in order to achieve a given producti(?n yield "Y" from a production process with 
capability "c," in which a fraction "w" of the defective units can be reworked, each equation may be used to 
estimate the number of units of raw material, ''N," that must be started through the production process. 

APPLICATION OF METHODOLOGY 
In order to perform a direct comparison of the results from the Pascal distribution with those from the Binomial, we 
consider Figures 7 and 8. Figure 7 depicts the estimate of the number of trials required to produce 500 good units 
versus machine capability. 
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Number of Trials to Produce 500 Good Units: p = 2 and w = 0.6 
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Figure 7 ~ Estimated Number of Trials vs. Machine Capability 

Although this plot was done for a relatively small production quantity, even for such a small number of production 
units of 500, there is a fairly significant difference between the Binomial and Pascal estimates of the number of trials 
required to achieve a production yield of 500 units. For a machine capability of 0.8, it will be seen that there is a 
difference in the estimate of upward of 170 units. Even for a machine capability of 0.9 there is a difference of 65 
units. Since the difference between the two estimates is linearly proportional to the number of units being produced, 
if the number of units to be produced were 1000, this would mean a difference of 340 units for a machine having a 
capability of0.8. and 130 units for a machine with a capability of 0.9. If the production units had a cost of$100 
each, an additional production cost of $34,000 would result in the first case, estimating with the Binomial 
distribution rather than the Pascal. And $17,000 in the second. In the way that the problem has been structured, the 
machine capability corresponds to the confidence level of achieving the 500 good units. Thus, if once again the cost 
to produce a single unit were $100, for a confidence level of 90% and a production requirement of 500 units, the 
difference between costs estimating with the Binomial distribution instead of the Pascal would be approximately 
$6,500. As noted earlier, the nearer that machine capability approaches to unity, i.e., a perfect machine producing 
no defects, the nearer the two estimates come to being equal. Turning to Figure 8 below, we have a plot of the 
estimate of the number of units to be produced versus the required yield. 
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Figure 8 _ Estimate of Required Production Units vs. Required Yield 
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The above plots were constructed for a machine capability of 0.95 and a number of rework repetitions of one (1 ). 
Then if a manufacturing operation were operating a machine with a capability of 90%, viz a 90% confidence level, 
and had a policy of2 rework cycle·s maximum, an estimate of the numb~r of units to be produced to satisfy a 
production requirement ofl;000 good units would be approximately 130 greater if made with the Binomial 
distribution than if made with the Pascal. Again, if each unit were produced at a cost of $100, this would result in an 
excesHost of$13,000 to achieve the 90% confidence level than would be the case if the Pascal distribution were 
used to estimate the number of units to be produced in order to arrive at the.required production quota of 1000 good 
units. In summary, even for relatively small production quantities such as 1,000 a significant cost is incurred by 
estimating the necessary production using a Binomial distribution rather than the Pascal. This .. additional cost grows 
linearly with the number of units to be produced, so that for an average production quota of say 10,000 good units 
the additional cost would grow to $64,000, a.not insignificant sum. One final point from the model is that the , 
change in the number of units to be started is negligible after the third .rework cycle, i.e., after p = 4. This is true 
even for probabilities of rework as low as 50%. As a practical matter, this would indicate that the margin of 
diminishing returns for reworks is 3 after the initial production operation .. 

CONCLUSIONS 
In the foregoing analysis, Eq. 6 has been developed as the relationship for the number of units that must be started 
through a production process given the required yield for the production run, capability of the process and the 
number of rework cycles. This relationship is general, being valid for any required yield, any machine capability 
and any number of rework cycles. Although the yield would be set by a production contract and the machine 
capability by the general condition of_ the machine, the -number of rework cycles, viz, the number of times the 
correction of a defective unit might be attempted, would be set by company policy. 

In addition, relationships have been developed for the number of repetition_s required to achieve a certain production 
yield at a given confidence level for both the Pascal and Binomial distributions. These have in turn been combined 
to obtain a general relationship, again for a given confidence level, between the number of repetitions required using 
the Binomial and those using the :eascal. These are Eqs. 13, 15, and 16, respectively. Each of these equations, was . 
then combined with Eq. 6 to yield Eqs. 17 and 18, for the Pascal and the Binomial, respectively, which can be used 
to estimate the number of units ofraw·material, etc., that must be started through a production process m order to 
achieve a required production yield. These equations were then used to compare estimates from the Binomial and 
the Pascal distributions for the number units of raw material that must be started in order to achieve a required · · 
production yield. The results indicate a significant difference in the estimates, and consequently a significant 
difference in. cost: Thus, using a Binomial distribution as the basis for estimating the number of units results in 
significantly greater expense than a comparable estimate obtained from the Pascal distribution. While this expense 
is significant for relatively low production volumes, is grows linearly with production volume. For production 
volumes of say 10,000 or more a very large and unnecessary expense results from estimating the required number of 
units to be started using the Binomial distribution. Consequently, in these times of taking every necessary measure 
to reduce production costs for the sake of competitiveness, it would be of great use to a production planner to use the 
Pascal distribution.- Further, in situations where a company has older and less capable equipment and limited capital 
for newer equipment, but wishes to move toward a leaner production system to be more competitive, this approach 
to estimating the number of production units to be started to achieve a certain production yield. Finally, this 
approach can be used for production situations in which there are successive processes through which a partially 
finished product passes on its way to becoming a finished product. In this case one would start with the last process 
and work backward to the first, treating the estimate of a succeeding process f.or the number of units to be started as 
the required yield from the previous process. In this way an estimate of the number of units to be started· at the first 
process. 
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THE USE O~ TAGUCID METHODS TO ANALYZE AUTOMOTIVE EMISSIONS 

J. S. Sutterfield, Simone E. Facey and Kelvin J. Savage 
Florida A&M University . 

ABSTRACT 
One of the more complex problems in the field of statistical analysis is that .determining the degree of influence of 
three control variables upon some other of factor of interest known as the response variable. The usual method of 
handling such a problem is with a device known as Latin Squares. In this paper, Latin Squares·are combined with 
Taguchi Methods to analyze the effect of fuel additives upon automotive emissions. The control variables in this 
analysis are cars, drivers and types of fuel additives, and the response variable is atmospheric emissions. The r.esults 
of this analysis are then compared with the standard statistical methods originally used to perform this analysis. 

INTRODUCTION 
It has been previously noted (Sutterfield, 2004) that analysis of variance (ANOVA) is a very powerful and useful 
method for analyzing the data forthcoming from a designed experiment. The approach in such cases is to select an 
experimental model appropriate for the particular type of experiment to be performed, execute the experiment in 
conformance with the particular model selected and then to analyze the resulting data using classical analysis of 
variance techniques. A number of experimental models are available for use ranging in complexity from a simple 
one-way variational-design, a model in which only one type of variation is present (Montgomery, 1993), up through 
a very complex· Graeco-Latin Squares design in, which at least four types of variation can be analyzed. Another type 
of model, almost as complex as the Graeco-Latin Squares model, is that used for Factorial Analysis. We say almost 
as complex because the analysis of the results is relatively straightforward, but adapting the model to a particular . 
experiment can be relatively complex (Taguchi, 1987). The purposes for which Graeco-Latin Squares models and 
Factorial Analysis models are used are essential different. Factorial analysis models are used in situations in which 
one or more variables, called control variables, are .incrementally changed over a certain range in order to determine 
how these changes will affect a .factor of interest known as the response factor. With Graeco-Latin Squares, 
however, the purpose is to compare the levels of some effect caused by differing treatments of some experimental · 
substance. Consider the Graeco-Latm.' Square design in Figure I below: 

Figure 1: Graeco-Latin Square Design 

In the Figure I Graeco-Latin Square design, five different treatments would be tested: A, B, C ,D and E. The rows 
might represent one type oftest medium or condition, the columns another, and the Greek letters yet a third. Thus, 
each row-column-Greek letter combination represents a unique set of test conditions for each treatment and is 
known as a block. This means that the above Graeco-Latin square design makes it possible to arrange the test 
parameters into 25 unique blocks or sets oftest parameters. Thus, the test measureinents obtained from each block 
would represent the results of the 25 unique sets of test parameters. 

The purpose of this type of blocked design is to uniformly distribute the sources of random variation as nearly 
equally over all experiments as possible. The three fundamental principles underlying all experimental analysis are 
replication, randomization and blocking (Montgomery, 1993). All three of these are achieved through t4e random 
layouts of Latin and Graeco-Latin Square designs. For example, it might be desirable to examine crop yields from 
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using different types of fertilizer; or, to compare the ·1 • 
fuel; or again the muzzle velocities of a give . mi eage obtamed from the use of several different brands of 
projectile weight. In a ll such cases a Latin Sn weightGof some se~eral types of powder for a certain caliber rifle and 

. . . quare or raeco-Latm square design "ght b l d d 
distribute expenmental error over all outcomes to det . th d mi e emp oye . to ran omly 
desired response. Thus, an appropriate experimental : rm.me e ~gree t~ which e~ch of th~ treatments affects the 
powerful method for executing experiment d 

1 
~sign combmed with analysis of vanance affords a very 

s an ana yzmg results. 

This current paper will make use of a Latin Square ex · I d · · 
to analyze the data obtained from • penmenta esi~ _combmed with a simple Taguchi approach 
bee tak fr . 

1 
(B an expenment on the use of fuel additives to lower fuel emissions This data have 

the :xpe:.e::
1 
: ~~amp e ox. Hunt.er, aod Hunter, 1978) in which classical methods were empioyed to analyze 

. METHODOLOGY 
The p~ilosophy ~d approach of experimental methodology are the same no matter which approach is used for the 
analysis of exp~nmen~l results. These have been lucidly set forth by Kempthome (1967), and have been reiterated 
by ~e authors·m ~reVIous ~apers (Sutterfield, et al 2004). They are, however, reproduced here for the sake of 
reVIe~, and as an mtroductio? for those unfamiliar with experimental method. It has also been noted that the 
expenmen_tal me~o~ology, smce it ?as its' origin in experimental philosophy, is identical whether classical analysis 
or Taguchi analysis 1s used. The philosophy and methodology are briefly as follows: 

I) A careful_ and precise state~ent of a perceived problem as learned from observing some phenomenon; 
2) Form~ation of a _hypo_thes1s as to the cause 

3
of the problem. This hypothesis must be capable of 

expenmental venfication or falsification22,2 to explain the phenomenon; 
3) Concei~g, designing and planning an experimental technique capable of verifying or falsifying the 

hypothesis from ''2" above; 

4) Examination of possible experimental outcomes with respect to the original purpose(s) for the 
experimental inquiry to ensure that the experiment will provide the desired information; 

5) Consideration of the possible outcomes with regard to the statistical procedures used to obtain them to 
ensure that the necessary conditions for using these statistical pro~edures are satisfied; 

6) Performance of the experiment; 
7) Application of statistical analysis techniques to the experimental results; 
8) Drawing conclusions as to the true values of estimated parameters, along with the reliability of the esti

mates, while giving careful consideration to the validity of conclusions for the population of objects or 
events to which the estimates may apply; 

9) Confirmation or falsification of the original hypothesis; if a hypothesis is falsified, return to step "2" 
above for modification of or complete reformulation of the original hypothesis, and repetition of steps 
"3" thru "9;" 

10) Evaluation of the present investigation with reference to other investigations of the same or similar 
problems. 

Step "3" in the above methodology requires selection of some particular type of experimental design appropriate to 
the phenomenon under investigation. For example, if the relationship of some response variable is being examined 
over a range of values for one or more control variables, a one or two way ·analysis of variance experimental design 
might be appropriate. Again, if a number of control v~ables were being examined at two or three different levels 
as to their effect upon some response variable, a factorial design might be appropriate. In the present experiment the 
objective was to determine whether any or all of several additives would significantly lower the level of automotive 
emissions in the air. The additives were not to have been examined at various levels, so that a factorial type of 
design was not appropriate. In was desired only to examine each additive at a single level. Further, the test 
mechanism used was that of automobiles and drivers, the type of fuel being the uniform in each case. Consequently, 
a randomized block design was selected, specifically a_Latin Square design, be~ause of its' :acility for distributing 
random effects over all outcomes, and thus precluding them from unduly affectmg any particular outcome. · 

APPLICATION OF METHODOLOGY 
Table I below shows the Graeco-Latin square design selected for the fuel additives experiment. 
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Automobiles 

1 2 3 4 

A B D C 
1 

D 
fl} 2 a. 
~ 

·== a. B 
~ 3 

C 
4 

Table 1: Graeco-Latin Square for Fuel Additives Experiment 

The approach taken for this experiment was that of selecting four automobiles, driven by four-drivers, and of having 
each combination of car and driver test each of the four additives. Thus, sixteen different exp~riments were 
performed in random order, four for each additive. Tbe response variable measured was that of the improvement in 
particulates released into the atmosphere, measured in parts per million (PPM). The original levels of particulate 
released by the fuel tested are not given in the experimental conditions. Hence, the response variable is measured as 
an improvement, viz, the larger the number, the better the performance of a given additive in reducing particulates. 
The experiment is ~esigned to dete~ine whether one of the additives was any more effective in reducing particulate 
release than the others tested. The data in Table 2 -were modified for analysis by deducting from each measurement 
a working mean of 19. This m~~ification resulted in the data shown in Table 3 below. 

Table 2: Adjusted Test Results 

The first step is to calculate the correction factor, CF, from the data in Table 3. Proceeding, ... 

CF= (x1,1 + X1;2 + x1,3 + ... + X2,3 + "4,3 + x..,4)2/16 

CF= (2 + 7 + 1 + ... -4 + 1 + 1 )2 /16 

CF= 16 
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Next, we calculate the net total variation, Sr, which is ... 

Sr = (2)2+(7)2+(1)2+ ... + (-4)2+(1)2+(1)2-16 

Sr= 296 

Next, the variation due to drivers is desired, and to obtain it we calculate the linear, quadratic and quartic 
components of this variation are computed. For the details of these, Taguchi (1988) should be consulted. 
Proceeding for the linear component . . . . 

(WI *D1+ W2 *D2+ w3 *D3+ w4 *D4)2 
Soc1> r(A, 2 * S) 

&a) (-3*16-1 *20*+(1 *-16)+(3*-4))2 

4*(20) 

SOOl = 115 2 

The quadratic component of driver variation is calculated as ... 

(Wl*D1+ W2 *D2+ w3 *D3+ w4 *Di 
So(q) = r(A, 2 * S) . . 

(1 *16-1 *20*-l *-16+ 1 *-4)2 

4*(4) 

SOOll = 4 o 

The cubic component of driver variation is calculated ~ ... 

(W1 *D1+ W2 *·D2+ w3 *D3+ w4 *Dl 
Soc,> = r(A, 2 * S) · 

(-1 *16+ 3*20*-3*-16+ 1 *-4)2 

Sxc) - . 4*(20) 

. . ease with increasing order, and can be ignored after the 
Very often the higher order components of v~atio: ~ecr th or term resulting in a more stringent F test in the 
second order term, the higher order terms bemg ad e to e err ' 
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analysis of variance. In this case, however, the randomization in the Graeco-Latin square makes it necessary to 
-consider the higher components of variation~ Consequently, the linear, quadratic and cubic components are added 
together to obtain the total driver variation. The result is . . . · 

S0 = 115.2 + 4.0 + 96.8 

So=216Q 

Next, we calculate the linear, quadratic and cubic components of the automobile variation. 1)?.e linear component is 

S 
=(WI* DI+W2 * D2+W3'* D3+ w4 * D4J2 

A(IJ . .r(A i * S) . . 

· (-3*0-1 *4*+(1 *0)+(3*12))2 
SA(/) 4*(20) 

The quadratic component of automobile variation is ... 

S . .,, (W, * D,+W, * D,+W, * D,+W, * D,l 
. A(qJ .. . r(1iv2*S) 

(1 *0-1 *4*-1 *0+ 1 *12/ 
SA(q) - 4*(4J 

SA(g) = 4,0 . 

Finally, the cubic component of variation is ... 

S 
=(WI* DI+W2 * D2+W3 * D3+W4 *D4J2 

A(c) r(A2 * S) . 

(-1 *0+3*4*-3*0+1 *12/ 

4*(20) 

SM!;)= 7.2 

Then the total variation in the fuel additive effects is to automobiles is ... 

SA= 12.8 + 4.0 + 7.2 
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~~ 

Next, it is desired to calculate the contribution of th fu l d · · 
component of variation is calculated as . . . e e a ditives themselves to the total variation. This 

sAdd = r<A1+ ... + A.>2 +<Bi+ ... + B/ +<c+ ... +c/ +<ni+ ... + D/ 
4 

SAdd = [(2+ ... +(-4))·2 +(7+ ... +1)2 +(6+ ... +(-2))2 +{l+.· .. +1)2 

4 

SAdd = 40.0 

<LA1+ ... +Di 
16 

(16)2 

16 

Nbeelxt, all of the preceding results are summarized in an analysis of variance (ANOVA) table as shown in Table 3 
ow. 

Table 3: Analysis of Variance Results 

To obtain the total variation among automobiles and also among drivers the linear, quadratic and cubic components 
among automobiles and drivers, respectively, are now combined. After making these changes, a modified analysis 
of variance results, as shown below in Table 4. · 
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Table 4: Modified Analysis of Variance Results 

ANALYSIS OF RESULTS. 
Modifying Table 4 above discloses that there are three principal sources of variation in the fuel additives 
experiment. By far the largest and most statistically significant source of variation in particulate emissions was the 
drivers. This variation has to do with long-standing driving habits such as rapidity of acceleration, holding a constant 
speed, etc. Driver.variation proved to have an F0 = 27.0, and accounted for 73% of the total variation. Since F3,6 = 
9. 78 at a significance level of 99%, the driver component of variation is significant at well beyond a 99% confidence 
level. . This means that the habits of-drivers involved 'in the experiment had a much more significant effect upon the 
results than either the automobiles or the fuel additives. The automobiles, on the other hand, accounted for the least 
amount of total variation, yielding an F0 = 3.0. This value is well below the value of F3,6 = 4.76 required for a 

· significance level of 95%. Thus, the automobiles were an insignificant factor in the total variation. The additives 
were another matter entirely, for together they account for an F0 of 5.0, a value barely significant at the 95% level, 
but not at the 99% level. It is desirable at this point to know whether any of the additives provide superior emission 
reductions to any of the others; To analyze the effects of the individual additives it is necessary to consider a plot .of 
their effects. This plot is _shown in J:~gure 2. 

Figure 2: Distribution of Additive Means 

From the above plot of additive means, centered as they are uponµ= 20, it will be seen that they are distributed 
symmetrically about the mean. Further, this symmetry suggests that these means might be described by some 
distribution that is symmetrical about the mean. Since the means for additives A and B are equidistant from the 
general additive mean,µ= 20, each contributes an equal amount of variation to the total additive variation, SAdd, of 
40. The same thing may be said of the means for additives D and C: Each of these contributes an equal amount of 
variation to the total additive variation. It would thus be desirable to determine the amount of variation contributed 
to the total by the mean for each additive. It is desirable also to know the contribution of each of the additives to the 
total additive variation. To obtain this we calculate the fractional component of each additive to the total. This is 
done as ... 

(LA)2 
f=----------

A (IA.)2 +(IB.)2 +(IC.)2 +(ID.)2 
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The fractional components for additives "B," "C," and "D," ar4 calculated in similar fashion. The results for the 
fractional contribution of each additive ... 

/A =0.40 /B=0.40 Jc= 0.10 /» = 0.10 

Then, multiplying each fraction by the total additive variation, the following results are obtained: 

SA= 16.0 Su= 16.0 Sc= 4.0 So= 4.0 

Now it can be seen that Additives "A" and "B" contribute equal amounts of variation to the total additive variation 
for Additives, but that for Additive "A" is below average, and that for Additive "B" above average. Hence, if any 
positive benefit in reducing atmospheric pollutants can be derived from using one single additive rather any of the 
others, it will be found in using Additive "B." Consequently, we now test Additive"B" to determine whether it is 
statistically superior to the mean of all four additives. In order to do this we employ a Student's ''t" Test which 
adjusts for small sample sizes. The null hypothesis for this test is 

And the alternate hypothesis ... 

The standard deviation of the four additives about the mean is calculated as ... 

s= 

s = 1.83 

This yields a sample standard deviation of cr = 1.83. Thus, the to statistic that we calculate is ... 

:;:: 22 -:- 20 · 1.093 
fo 1.83 

Entering a table of ''t'' statistics for three degrees of freedom, we perform the ''t" test using the positive tail for ''to" 
and find that the value of 1.093 is significant at about the 19% level. Consequently, we affirm the null hypothesis, 
and deny the alternative: There is no significant difference .among the four additives in their reduction of automotive 
emissions. Now it should be observed that the least of the four means, µA, is the same distance from the grand mean 
as µ8. Consequently, were we to perform a ''t" test upon µA, we would find a value for "to" of-1.093. In this case · 
our test would be upon the negative tail of the ''t" distr_ibution, and we would find the same level of insignificance 
that was found for µ8, a value of 19%. This is to say that 19% of the time we would fine a value for µA of 18 or less. 
As a matter of fact, for either µA or µ8 to be significant at the 95% level they would have to have values of less than 
-2.25 and greater than +2.25, respectively. 
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Then referring back to Table 4, the results of the experiment may be summarized by saying that the effect of the 
-additives was significant in the overall variation of the experiment at about the 95% level, but that no one particular 
additive was demonstrated to have been superior to any of the others in reducing automotive emissions. · 

The only remaining part of the analysis to be done is to estimate the range for the mean emissions reduction of the 
additives. Here_the µexp refers to the mean of20 established experimentally for the four additives tested. The 
equation to be used for this estimate is to be found in Taguchi (1988) and is -. . . · 

µ = µap + 

µ=20+ 

.. 1 
F! *Ve*-_ 

4. 76 * 2.7 * _! 
.4 

µ = 20+1.79 
Consequently, me~ of the emissions reduction for all four additives is seen to lie within the range of 18.21 to 21.79 
with a probability of95%. · · 

CONCLUSIONS 
This analysis has taken data originally analyzed by classical analysis of variance techniques, and has demonstrated 
how it might be ar,alyzed by using_Taguchi's approachofpartitioning variation into orthogonal components. 
Ordinarily, such partitioning discloses that the successively higher order components of variation become ·. 
decreasingly important and may be cast with the random variation. In this particular analysis, however, the 
partitioning was done upon data obtained from a Latin Square design. Since such designs are employed to distribute 
random variation over all outcomes·to the greatest extent possible, it was found that the higher order components of 
variation were not insignificant and had to be included with the lower order components. 

Further, it was found that no one fuel additive resulted in significantly lower emissions that any other. Now in 
interpreting these results in must be borne in mind that the data for emissions were recorded as improvements fronr 
some original conditions which is not stipulated in the experimental documentation. Since this is the case, it is not 
possible with the information given to determine whether the fuel additives were successful in decreasing emissions 
to a satisfactory level below the original level, viz, the level of emissions without any fuel additives. In order to this 
test this it would be necessary to test the mean of fuel emissions without additives against that with additives. Since 
there was no significant difference among means of the four additives tested at the 95% level, it would be sufficient 
to test the mean -of these four additives from our experiment with that obtained from a similar experiment without 
additives. If a difference were found, and it were significant at or above the 95% level, we would be willing to 
conclude that the additives had some beneficial effect in reducing automotive emissions. 
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ABSTRACT 
In the globally competitive market, logistics receive greater attention from the enterprise managers due to 1·ts lill. por-
tance to customers' loyalty and th · arti · · · ' . . err P c1pation m the total costs of the company. In this paper the logistic system 
employed m an automobile company engaged in resale is presented and analyzed. The importan~e oflogistical com-
ponents such as purchase management, sales inventory management, trans rtati· d" m·b t· d · . . , po on, 1s u 10n, an service to 
~bents are presented~~ discussed, and found to be consistent with the methodologies that are currently being used 
m auto resale companies. 

INTRODUCTION 
The increasing competition ~etween the ~ompanies, due to globalization and technological evolution, among other 
factors, has demanded audacious enterpnse strategic actions. Therefore, administrative tools have been searched for 
all the comp~es~ independe~t of 1?eir size and the area of performance, to conquer the competitive advantage. One 
ofth~ admimstrative areas_ bemg widely explored for the majority of the companies is logistics. It used to be 
co~•.dere~ only as a function of transportation and the center organizational costs, but, today it assumes a prominent 
position, m the company management. 

The present work intends to analyze the logistic process of a concessionaire company of automobiles, located in the 
central region of the State of Rio Grande do Sul, Brazil. The variables that influence the productive chain had been 
analyzed and the developed activities are: methods of ordering, product storage, peoples involved, and system of 
integration between the company and the plant that allows customers to follow the progress of their products, from 
purchase until delivery. · 

LOGISTICS AND COMPANY MANAGEMENT 
Logistics, according to Arnold [ 1 ], is responsible for planning, operation, and control of all the flow of merchandise 
and information, from supply source to customer. For Ballou [3], logistics deal with all activities of movement and 
storage that facilitate the flow of products from acquisition of raw materials until final consumption, as well as flow 
of information that keeps the goods and services in movement. According to Chistofer [7], logistics cover the areas 
that directly deal with the transformation of raw materials into finished products in an organization, not only inter
nally (supply, production and distribution), but also externally (suppliers, infrastructure and purchasers). Still, for 
the author, logistics represent grouping of two main processes: (1) the supply management that consists of acquisi
tion, purchase, and maintenance of raw material, goods and services together with the suppliers; (2) physical 
distnoution management that involves maintenance and transportation of finished products .. 

According to Bowersox and Closs [5], logistics of a company is an integrated effort that has the objective to helping 
to creating value to the customer at minimum possible total cost. Logistics exist to satisfy the necessities of the 
customers, facilitating operations in production and marketing areas, where the logistic executives like to reach a 
predefined customer service quality by means of operational abilities. Galvao [9] appraises logistics as a process to 
plan, implement, and control efficiently the flow and the storage of products as well as the services and the informa
tion associated with the process. 

Logistics Components . . . . . . . 
a) Purchase management _ According to Ballou [2], purchase activity mvolves a senes _of items decided m the pro-
ductive process: how to select and qualify suppliers; determine when to buy; compare pnces~ seai:c~ - . 
products/services, and measure quality. This shows the complexity of the purchase process smce 1t 1s not enough Just 
to buy, but search to obtain excellence. 

For Viana [16], supply management is the activity that transforms the raw ~aterials into ~termediate and fina! 
products which are delivered to the customers. For majority of the compames supply cham management requrres an 
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operation of manufactures network installation and distribution spread around the world. The supply chain involves 
_activities that start from purchase and proceed to manufacture, logistics, transportation, through marketing. · The 
purchase system has the following steps: · · 

• Purchase requ~st: This is a document that authorizes the purchase. In this document, product/item 
to be purchased, quantity, place and time of delivery and, in some cases, desired supplier-are 
specified; 

• Quotation: This consists of a price list of materials requested from different suppliers. The 
information in the document must clarify the doubts of any employee in relation to a determined 
product; ., .. 

• Purchase order: This is a written contract between the company and the supplier that faithfully 
represents the conditions and ch~cteristics of the product acquired. 

• Purchase follow up: This is the register of product life, consisting of all information about the 
product such as, phases of purchase process, variations in price, and quantity requested. The 
register always must be kept current so that it can provide correct information when consulted. 

b) Inventory management 
I) Importance of the inventory - Inventory management is the subject more visible of logistic management, due to its 
importance in the productive process and the high costs it represents. Large companies such as Toyota developed 
proper methods for inventory management, such as just in time. For Martins et al. [11], in logistic systems, 
inventories are kept: (1) to improve customer service, providing support in marketing, and creating demand for 
material to effect sales; (2) economi~·order quantity that aims at reducing costs when the product is·manufactured 
continuously and in constant quantities; (3) protection against changes in price during high inflationary period; 
increasing the purchase volume to minimize the impact of price increase from the suppliers; (4) protection against 
uncertainties in demand and delivery time; improving logistic systems uncertainties in demand and delivery time 
from the suppliers, _through buffer i.Qventory; (5) protection against contingencies; aims at protecting the company, 
in the case of strikes, fires, floods, policy instability, and other variables that can cause problems. 

The entire inventory is initiated in the purchase sector, with the identification, selection, and choice of the best sup
plier that can deliver materials on time with required quantity and quality. In recent years, companies have 
established partnership relations and confidence with the suppliers that became important in the adoption of just-in-
time methods and inventory reductions. · 

2) Types of inventory-Inventories have the function to regulate the business flow. According to Slack, et al. [15], 
this concept originated because companies understood the importance to integrate material flow as its support func
tions: purchases, follow up, inventory management, production planning and control, and physical distribution 
management. , 

The traditional vision is that the products _must be kept in inventory for various reasons to accommodate variation in 
demand, produce economic lots in substantially high volumes in order to meet the demand and not to loose sales. 
However, this vision affects the companies in terms of: (1) high costs of inventory maintenance; (2) lack of time in 
responding to the market; and (3) risk of having obsolete inventory. 

In the larger companies, frequently, some products are acquired in bigger lots to take advantage of discounts, sales 
or even to increase the bargaining power with its suppliers. Thus, there is a <;lifference in the incoming and the out
going materials rate and the necessity that they are deposited, or stored in an appropriate place, waiting to be 
consumed in any sector of the company. As an illustration, Martins et al [ 11] used the .example of water tank. When 
the rate of entering water is greater than that of exit, the level of the water in the tank increases; if the rate of exit is 
greater, the level decreases. Therefore, the tank serves as a reservoir, a necessary device to avoid either the lack of 
water or surplus water. In relation to the materials, when the number of units received is greater than that of units 
forwarded, the inventory level increases. The inventories then, regulate the equation. However, if the arrival rate is 
equal to the departure rate, inventory remains in the same level, constantly. 

The just in time philosophy tries to balance the equation. The objective is to eliminate inventory. Inventory is the 
bridge between the incoming flow (purchase function) and the outgoing flow (sales function). The harmony be-
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tween the two flows results from effective productio 1 · . 
inventory in a productive process. n P anmng and controls (PPC). Figure 1 shows the position of 

► ► ► ► 

Figure 1: Inventory generation in a productive process. 

Inventory by represen~ti~n accounted for a considerable portion of the company's assets, and is divided into five 
groups: ~1) raw matenal mventory, that are the items used in the productive process or the transformation; (2) in 
proc~ss mvento~, those products that are ~lready in the production process, but not yet finished; (3) finished prod
ucts m~entory, items that~ ready for dehvery to the consumers; (4) inventory in transit, items that have already 
~n dtSp~tche~ from a umt of the company to another, but still have not arrived at their final destination; and (5) 
mventory m shipment, are ready products, but continues to be supplier property until sold. 

Inventories still can be classified as: consumer goods/materials of consumption that are included in the current assets 
of the company; and goods/permanent materials, integrants of the patrimony that is part of the permanent asset. 
This paper deals only with consumer goods. 

For Borba [4], inventory control exercises great influence on the revenue ofthe company and therefore absorbs capi
tal that could be invested in other forms. Ching [6] affirms that increasing inventory rotation liberates assets and 
minimizes inventory maintenance cost. 

3) Information - According to Bowersox and Closs [5], logistic information systems are interconnections of logistic 
activities to create an integrated process. The integration is based on four levels of functionality: 

• Transitional system: initiates and registers individual logistic activities as incoming order, inven
tory assignment, separation of order, expedition, formation of prices, emission of invoice, and 

research with customers; 
• Management control: concentrates on the evaluation and the preparation of reports, to measure 

performance by means of a feedback process that will inform the management about the service 
and the use of resources; · 

• Decision analysis: emphasizes the use of information in the process of decision making to help 
the executives to identify, evaluate, and compare tactical and strategic logistic alternatives; 

• Strategic planning: concentrates on intended ~formation to develop and to improve the logistic 

strategy. 

For Ballou [3], logistic information systems are subsystem~ of the Management Information System (MIS) that pro

vides specific information necessary for logistic management. 

4) Service to the customer - According to Bowersox and Closs [ 5], service t? ~e custom~r is a process that _has the 
objective to supply significant benefits of aggregate value to the supply ch~m m an effic_ie~! and cost eff~c~1ve. man
ner. The fact of considering the service to the customer as one of the most Important activities ~fthe log~sttc pro~ess 
becomes the concepts of supply chain management. It is evident that an excellent performance m rendermg service 
to the customer tends to add value for all the members of the chain. Therefore, a service program to the customer 
must identify and give priority to all the intended activities to reach the operational objectives, as well as, to incorpo-

rate measures to monitor performance. 
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Christofer [7] affirms that _the service function to the customer is to ·supply the use of time and place in the transfer 
of merchandise and services between the purchaser .and the salesman. The service to the customer can be examined 
under three elements: 

• Elements of pre-transaction: related to policies or programs of cooperation such as written 
declarations of service policies, adequacy of organizational structure, and flexibility of the sys
tem. 

• Elements of transaction: service variables to the customer that are directly involved in the 
performance of physical distribution function such as product reliability and delivery. 

• Elements after transaction: generally these elements support the product in use, for e'i:ample, guar
antee of the product, parts and services for technical assistance, procedures for customer 
complaints, and product substitution. 

5) Transportation - Transportation represents the element greatest of the logistic costs in a majority of organizations, 
according to Ballou [3]. For Bowersox and Closs [5], the· transportation.department is responsible for more than 
50% of the average cost of the logistics of a company, and, therefore, it can represent significant operational and 
strategic impact. · 

6) Distribution channels - These are a part of logistics, strategic connection, and economic importance. For retail 
activities, it is the segment of logistics that transports the finished products from manufacture to consumer in the 
distribution channel, or Out-Bound Logistics, that assumes immediate importance. 

In practice, product distribution is analyzed under different perspectives, role of logistic techni~ian on one side and 
the marketing and sales staff on the other. The specialists in logistics refer to this as the physical distribution of . 

. products, or simply physical distribution [13]. Distribution channel has Qeen of vital importance in industrial· 
strategies, since distributors add value, linking buyers and sellers, providing efficient means of selling and delivering 
products to the customers, and serving as an efficient means to the small manufacturers so that they can reach the 
consumer market [6, 8]. 

METHODOLOGY 
The present work consisted is a case study, carried out in an auto resale company of average transportation, located 
in the city of Saint Maria, in the central region of the State of the Rio Grande Do Sul, Brazil. According to Yin tl 7]. 
This case study_ is an empirical analysis that investigates a contemporary phenomenon inside its real context, · 
contributing to the understanding of the individual, organizational, social and policy phenomena the results of which 
are susceptible of generalization. 

The method used is of a qualitative nature, dealing with the most adequate form for analyzing a phenomenon. Ac
cording to Minayo et al. [12], qualitative research answers very particular questions, searching for a reality level that 
cannot be quantified. · The qualitative research, for Godoy [1 O], shows the following basic characteristics: a) must 
be conducted within the natural environment as direct origin of data with the researcher as the basic instrument; b) 
be descriptive; c) have essential concern for the people; d) use the intuitive approach in the inquiry of data; and e) 
must concentrate upon obsolete the process and not solely on the effects and the product. 

After the initial contacts with the representatives of the chosen company, secondary data were collected from the 
documents such as the organizational manual available in the company. Atler concluding this stage, primary data 
were collected through semi-structured interviews that allowed better exploration of opinions, motivations, and ac
tivities of the ~terviewees involved. As observed by Rich,ardson [14], this type of data collection allows to obtain 
from those interviewed not only what they consider as the most relevant aspects of the chosen problem, but also, the 
descriptions of the situation in study, besides complementing the secondary data collected. 

RESULTS AND DISCUSSION 
The results obtained in accordance with each component of the existing logistic system in the company are present
ed below: 
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Purchasing 

The purc~ase~, in !h~ company sru~ied, can be carried out in two ways: by internet, only for two automobiles lines, 
and by direct mv01cmg, together With the company and assistance from salesmen. 

In purch~es via th~ internet, the customer acquires the product for an acceptable price. Therefore during invoicing 
the order 1s placed m the name of purchaser, thus reducing taxes related to the transfer. In this case the task of the 
company is only to deliver the vehicle. ' 

In purchase by direc! invoic~g, the order ~s made in the name of the resale agent, who then transfers the vehicle to 
the customer for a higher pnce, due to emission of two invoices. 

In the case of truckers, agricultural producers, taxis, physical disabilities, and automobiles dealers a special discount 
is offered by direct invoicing. 

For the delivery of vehicles purchased via internet, the delivery period is about 6 days, and for the other forms of 
purchase, the delivery period is between 12 and 15 days, depending on the release of the vehicle from the plant. 

Purchase of parts is defined by software of the manufactures that monitors the volume of parts sold by the company 
and also at the national level. From that, an average is made that will determine the items and the necessary quantity 
for inventory replenishment. Generally, this system has covered 80% of the requested parts. Also, the knowledge 
of the person responsible in the purchase area is taken in account. 

Goals for parts sales are established by the manufacturer, where the salesman tries to get them, since he receives a 
bonus in the next purchase. The strategy, in this case, involves the adoption of partnerships with city mechanics 
who acquire parts in sets. These orders require a maximum of three days for delivering the parts to the store. 

Inventory Management 
The reseller uses zero inventory policy. Therefore, the customer orders the desired type of vehicle, and this is re
quested to the plant. For parts, the company has an inventory-monitoring scheme that determines the total number 
of items that the company must keep. Parts of higher value and lesser rotation ·are ordered from the company. The 
inventory rums take a maximum of 30 to 45 days and has a weekly quota that must be fulfilled. This quota is negoti
ated and stipulated with the regional office in Porto Alegre (RS). 

Information 
The company has a system to carry out all the procedures, from invoicing until delivery of the product. Moreover, it 
affects the operational control of the company, emitting orders and generating reports for decision making. 

Customer Service 
Customer receives special attention during product delivery, where gifts/presents are given for his loyalty. For the 
out of the city customer, the vehicle is carried in truck,_ or it.is driven, according to the des~e of the customer. 

Transportation · . . . · . 
Third party companies are responsible for the transportation of the vehicles. The maJonty of the vehicles_ come from 
the Sao Paulo ABC region, taking about 12 to 15 days to arrive. But one of the models comes ~om the city .. 
Gravatai-RS, and takes about 6 days. For the parts they use non-sp~cialized ~spo~ers fro!11 different locahties 
depending on the location of the suppliers. The customers can momtor the vehicles m transit. 

Table 1 shows the comparison between the theory discussed and the organizational practice, carried out in day-by

day by the company analyzed. 
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Results from Literature Search 

Involves a series of steps in the 
productive process: how to select and 
qualify suppliers, when to buy, 
compare prices, service quality, 
search for products and services, and 
measure quality. 

Objectives: improve customer service; 
economic quantity; protection against 
price changes during high inflation period; 
protection against uncertainties in demand 
and delivery time; protection against 
contingencies. 

Provide information specifically 
needed by logistics management. 

The principal objective is to provide 
significant benefits of aggregate value 
to the supply chain in an efficient and 
cost effective manner. 

Department of transportation is 
responsible for more than 50% of the 
average cost of logistics for a company. 

_ Must receive proper attention. 

Results Observed in the Company 

Cars: buy via internet 
Parts: software system determines 
quantity to be purchased. 

Zero inventory for cars. 
Software system determines 
quantity of parts purchased. 

Software system determines 
operational CQJ).trol of the company. 

Customer determines the delivery 
method of the product. Receive 
presents and other gifts for loyalty. 

Cars produced in Sao Paulo: 12 to 
15 days ( out of state). 
Cars produced in Rio Grande do 
Sul: 7 days (in state). 

Table I: Comparison between theory and organizational practice 

CONCLUSIONS AND RECOMMENDATIONS 
Today, organizations have great market opportunities but at the.same time an enterprise environment that never has 
been so competitive. The elements that characterize the phenomenon of globalization are given by the conjunction 
of two phenomena: increasing movement of liberalization and deregulation of the markets and the advent of 
information technologies paradigm redefine the forms of competition in the world-wide market creating 
opportunities and threats that were never existed in the global level, conditioning the decisions on allocations and 
use of new resources and integrating new and bold enterprise strategies. Logistics has been one of the most dynamic 
areas of the enterprise environment, and therefore, today the organizations have the capacity to organize efficiently 
their supplier chains. 

In the case of the company studied, it is planning to use the modem tools of logistic management, such as a software 
system for inventory control and ordering, the investments showing company concem,ip the area. The information 
system demonstrates technological update, starting to demand qualified employees for this sector. 

In a similar manner, technological evolution helped the companies to carry out their tasks, but also brought problems 
that were not faced before. The release and deregulation of new environment has created new types of more de
manding customers, not only in diversity, but also, in product quality and services, thus making the supply chain 
management more complex and laborious. 
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S_ince the ~ase study was made on a specific situation with an intensive analysis on the chosen variables, the conclu
sions obtamed cannot be extended and generalized to other cases or other realities. However the results of this 
study can be extended to other organizations of similar nature. ' 

[1] 

[2] 

[3] 

[4] 

[5] 

[6] 
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IMPROVING THE WGISTICS OF MILK COLLECTION VIA SIMULATION 

Praveen Janjirala, Selvam Sivagurunathan, Suraj :rv,:. Alexander and Gerald W. Evans 
· University of Louisville 

BACKGROUND 
This paper addresses the issue of improving the logistics of milk collection.~d processing. Milk truck haulers from 
various hauling companies, collect milk from clusters of farms and take them to designated processing plants when 

. the tanks on thetnicks are full. It is important to improve the logistics of milk collection and processing for a 
number of reasons. First if the milk collection and delivery to the processing plant takes a long time, the milk is 
vulnerable to spoilage. Second, if the routing is inefficient the fuel expenses eat into a hauling company's profits. 
This is especially true in the present day, when fuel prices are sky rocketing. Third, if the task of unloading the milk 
at a processing plant takes a long time, a milk hauler's work day is extended, which results in unhappy milk haulers, 
who would like to return home sooner. A major reason for .extended time on the job is the limited capacity at the 
processing plants relative to the number of trucks waiting to unload the ni1lk. · This paper addresses the latter issue, 
by evaluating a scheduling strategy that appears to be effective in reducing the·queue time at the processing plants. 

APPROACH 
In this paper we evaluate the scheduling strategy of staggering the departure times of milk trucks, belonging to 
different milk hauling companies, to collect milk from designated farms. Our primary objective ts to reduce the 
waiting time atthe processing_plants. The strategy is ~valuated with hypothetical data .. If the approach is promising, 
our intent is to verify the approach with real company data and sell the scheduling strategy to milk hauling 
companies. 

MODEL 
In this model we consider three farm clusters, one with 15 farms, and the other two with ten farms. These farm 
clusters are serviced by three hauling companies, with ten, four and six trucks. Based on the milk available at the 
farms and the capacity of the trucks, the largest hauling company with ten trucks is assigned to collect milk from the 
first farm cluster that has 15 farms, the one with four trucks is assigned to the second farm cluster and the last 
hauling company with six trucks to_ the third farm cluster. Once a milk truck is loaded with milk from the 
designated farms it goes to one of two processing plants. Processing plant one has a capacity of unloading 30 trucks 
per day through four lanes, which is equivalent to that of a processing plant such as Winchester farms in Kentucky. · 
Processing plant two has an unloading capacity of 18 trucks per day also over four processing lanes, equivalent to 
the Flavor Rich Dairy plant in Kentucky. The capacity of all the trucks in the current model is taken as 50,000 
gallons, which is the most common truck capacity. The simulation model is constructed using ARENA [l]. 

EXPERIMENTS 
In the first experiment the trucks are all released on their milk truck routes, at the same time, which is the current 
practice. This resulted in fairly large queue times at the processing plants, even with just the three hauling 
companies considered in the simulation model. A number of staggered release schedules were then evaluated to 
minimize the time in the queue at the processing plants. The following release schedules at the farm clusters, which 
staggered the release of the milk haulers by 15 to 20 minutes, reduced the waiting time at the plants to near zero. 

Farm cluster 1 = 15 minutes staggered release interval 
Farm cluster 2 = 20 minutes staggered release interval 
Farm cluster 3 = 20 minutes staggered release interval 

RESULTS 
The milk loading time at the farms and the transfer time between the farms are considered to be the same for all the 
3 farm clusters. Each truck visits an average of five farms and spends 30-40 minutes at each farm loading the milk. 
One truck is normally able to collect all the milk available at a farm. (This is true for small farms, such as those 
found in Kentucky, and may not be true for large farms, such as those in Wisconsin). The average time taken to 
travel from one farm to the other is 20-30 minutes. 
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The experimental results are summariz.ed in the tables I and 2, shown below: 

Table 1 : Results from the model with all the trucks starting at the same time 

Average time spent by the Average Transfer Average waiting Average total time 
truck in the milk farm and time for the time in front of spent by the truck in 
processing plant truck(min.) each farm(min.) the system(min.) 
toeether( min.) 

Farm 390.625 126.5 0 552.39 
cluster 1 
Farm 396.753 127.5 0 557.95 
cluster 2 
Farm 400.413 
cluster 3 

128.3 0 605 

Average value Accumulated Average Wait Accumulated Average 
added(V A) time VA, time(min.) time per Wait Number 
per truck(min.) truck(min.) time(min.) waiting(min.) 

Processing 46.4663 511.13 41.4824 456.31 0.3169 
plant 1 
(Winchester 
farms) 
Processing 79.7715 717.94 54.2975 488.68 0.3394 
plant 2 (Flavor 
rich dairy) 

Table 2 : Results from the model with a staggered schedule for the trucks 

Average time spent by the Average Transfer Average waiting Average total time 
truck in the milk farm time for the time in front of each spent by the truck in 
and processing plant truck(min.) farm(min.) the system(min.) 

toeether(min.) 
Farm 399.437 128 0 528.17 
cluster 1 
Farm 397.16 127.5 0 524.66 
cluster 2 
Farm 395.035 127.5. 0 522.54 
cluster 3 

Average value Aecom VA Average Wait Accum Wait Average Number 
added(V A) time per time(min.) time per time(min.) waiting(min.) 

truck(min.) truck(min.) 

Processing 43.71 .393.35 0 0 0 

Plant 1 
Processing 81.2 893.2 0.6622 7.2847 0.00505 
plant2 
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Each Tru~k on an average takes approximately 8 hours to collect milk and spends another 45-80 minutes at the 
-processing plant. Therefore, on average, each true~ spends approximately 9 hours in the system. 

The average waiting time for a truck in front of processing plant is re4uced by 45 to 50 minutes with the staggered 
schedule. Also, the average time in the system, which relates to the length of a milk haulers work day is reduced an 

. av~rage of 25 to 80 minutes by the staggered scheduling strategy. 

OPTOUEST Optimi7.ation: 

In order to verify the trial and error results of the staggered schedule, the OPTQUEST optimization tool was applied 
to the ARENA simulation model [2]. The control parameter was the scheduled release of the trucks and the 
response parameter was the time in queue ~t the processing plants; the objective was to reduce the waiting time at 
the processing plants. The results verified the staggered release strategy. A sample staggered schedule produced by 
the simulation model is shown in Table 3, below: 

Table 3: Sample staggered schedule produced by OptOuest 

Time(min.) Truck Company Truck Company Truck Company 3(Total 
Start Time=S:30 AM l(Total=lO Trucks) 2(Total =4 Trucks) = 6-Trucks) 

5:40 Truck 1 .. 
5:53 Truck 3 . . 

5:56 Truck2 
6:06 Truck 10 
6:19 Truck 7 
6:48 -Truck 9 
7:02 Truck4 .. 
7:08 Truck 5, 
7:15 Truck6 
7:23 Truck 8 
8:10 Truck 1 
8:17 Truck2 
8:25 · Truck3 
8:50 Truck4 
9:1.8 Truck I 
9:46 Truck 2 
9:50 Truck.4 
10:04 Truck 5 
10:09 . Truck 3 
10:21 Truck 6 

CONCLUSIONS 
We have considered here 3 farm clusters and a total of20 trucks in this experiment and attempted to develop truck 
schedules to minimize wait time at the processing plants. · · 

The objective ·of this simulation model was to develop and verify a procedure to mfu.imize wait time at the 
processing plants. The results from this model verify the effectiveness of using a staggered release schedule for the 
milk hauling trucks. 

FUTURE WORK 
We plan to use actual data from truck hauling companies in a given region, and define schedules for truck release for 
the firms operating in the region. We understand that cooperation among milk hauling companies, milk processing 
plants and milk cooperatives are necessary to make this truly successful. We will emphasize the benefits of this 
cooperation at conferences of companies involved with milk collection, transport and processing logistics. The 
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benefits are improved throughput, less chances of milk spoilage and shorter work days for milk truck drivers that 
would result in reduced turnovers and improved job satisfaction in this group. 
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· A QUANTITATIVE ASSESSMENT OF QUALITY-OF US VEIDCLES IN SERVICE 

Stephen Allen and Dean DeCock 
Truman State University 

. ABSTRACT 
Both short and long term vehicle quality reports investigate consumer inteq,retations of vehicle quality and repair 
frequency. These survey and reports are widely available for consumers when considering the purchase of a vehicle 
produced for the US market. Recent work has created an apparent, unbiased Quality Index (QI) model that measure 
automobile quality based on an examination of publicly available vehicle Recalls and vehicle Technical Service 
Bulletins {TSB). This QI model is applied to the very competitive US large pick-up truck market to assess its , 
viability to reflect the quality of US marketed pick-up trucks in service. 

INTRODUCTION 
Consumers purchase vehicles for many reasons: style, quaiity, safety, pric~, basic transportation, luxury, status, etc. 
However for most consumers, nothing is more frustrating than when a car operates dangerously or when a car fails 
to operate adequately. Consumers are faced with a sample size of one with their vehicle purchase. The underlying 
level of built in quality may ultimately determine the automobile's overall successful service life to the consumer. 
Importantly· to the vehicle manufacturer, a satisfied consumer may lead to a repeat consumer. Vehicle manu
facturers must believe that quality is essential to long term relationships with consumers. Ford claims that "Quality 
is our Number One Priority." General Motors claims, "Quality from the start, Quality you can feel,. Quality that 
lasts." [2] Lexus has claimed, 'the retentless pursuit of perfection. While Chrysler has begun a series of Develop
ment Systems' .Quality Gates. [3] Automobile manufacturers believe that quality is important, if not essential for the 
long-term viability of their product. Given the large number of available high quality vehicles in the US market · 
place, is there room for any other manufacturer? The Chinese are poised to bring two automobiles to the American 
automobile marketplace-the Geely and the Chery .. The Geely plans to be priced under $10,000 and Chery e?(pects 
to target the $20,000 market. Can the US automobile market absorb yet more producers? One such weapon that 
existing suppliers can use to fend ·off new competition is to be able to prove existing superior quality and hence 
value to the consumer. · 

Given the obvious effort toward quality, why then is the US domestic auto industry struggling? Many factors· en.t~r 
into a consumers' decision set. Such factors include design, quality, comfort, affordability, among others. Overall · 
automobile quality has greatly improved over the past decades, yet US consumers ate demanding ever higher and 
higher quality product. Once achieving high levels of quality, the pressure and stamina to continuously improve and 
maintain quality is enormous. Even Toyota, once thought to provide the best quality of many vehicles is struggling 
as the company has been faced with many quality problems as of late. [11] Yet the faltering quality level of today is 
far ahead of the quality level of a decade ago. Given the higher quality automobile produced as of late, this level of 
quality now permits consumers or a series of consumers to own automobiles for longer periods of time, which 
permits a lengthening of the consumers' buy-cycle. Which may in turn improve consumer loyalty provided the 
experience is a low problem, high quality vehicle. 

Background 
As a consequence of the high cost of design, automobile manufactures no longer produce significant model changes 
from year to year. Rather, a single model is expected to be maintained for several generations through minor year to 
year revisions. This common use of model generations allows the manufactnrers·to improve the product throughout 
its life via subtle changes from one year to the next. Today's vehicles are no longer produced by a single 
manufacturer but rather by a deep network host of suppliers .feeding suppliers. For a manufacturer to achieve a zero 
defect product, its suppliers must also be achieving zero defect production goals. [5] The manufacturer must insist 
on zero defect production from .its suppliers. 

A continuous automobile quality assessment is preformed each year by J.D. Power and Associates. [6] J.D. Power 
performs an Initial Quality Survey, a Vehicle Performance Survey, a Sales Satisfaction Survey, a Customer 
Satisfaction Survey, and a Vehicle Dependability Survey. These surveys assess consumer impressions of product 
quality at the point of sale, three years after the sale, many years after service. Additionally, they also evaluate the 
sales and the consumer processes of each manufacturer. Based on recent reports it appears that consumers see little 
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or no difference in the quality of US domestic and · t · l · · 
• ID ematmna producers. [7) But does consumer nnpress1on really 

serve the consumer? If so, what drives consumer preferences? Or are the consumer survey results misleading? 

Publicly Available Data 

The US federal g?vernment, National Highway Traffic Safety Administration {NTHSA), collects and maintains 
safety and comphance data on all manufacturers selling automobiles in the US. Manufactures must meet and 
comply with US safety standards to continue to offer products for sale in the US. When a manufacturer determines 
that it has a safety defect or is not in compliance, the issue must be reported to the NHTSA within five days of 
discovery. [9] . 

There are two commonly available measures of manufacturer quality that are readily assessable to the public; Recall 
and Technical Service Bulletin (TSB) data. [4] An automotive Recall is a serious quality defect potentially 
threatening the safety of the automobile's occupants or a serious defect related to environmental emission mandates. 
In either case, a recall ~itiates a service campaign to contact all present owners for repair or replacement as needed 
at the manufacturer's expense. Naturally, a manufacturer prefers to have zero Recall's on any production model in 
any year. TSB's, however, are typically a manufacturer advisory to address recurring automobile problems that are 
not safety or emission related. These actions may be addressed to correct comprehensive issues. Examples of 
TSB's include corrections to the engine and its cooling system, structure, electrical system and components, power 
train, visibility, suspension, brakes and tires. 

In 2006, Allen and DeCock [IO] developed a Quality Index model (QI) involving Recall data and TSB data that was 
applied to four door family sedans. The derived a model utilizing Recall, TSB, and a variable constant (k) to 
achieve a numerical quality score (QI). The method developed is important as it eliminates the human factor of 
impression of quality by quantifying quality through a combination of Recall and TSB data. 

METHODOLOGY 
The US domestic market is fiercely competitive. One of the very American specific competitive market segments is 
that of the half ton pick up truck. The concept of a pick up truck was developed in the United States shortly after the 
development of the motorized vehicle. 

Allen and DeCock's QI model is applied to the pick up truck segment. Publicly available Recall and TSB data is 
collected on the entry level half ton pick up trucks. The models include: Chevrolet's Silverado 1500, ~odge's Ram 
1500, Ford's F 150, and Toyota's Tundra. The selection criteria were limited to the model's s~dard trim level, 
popular eight cylinder power plant, and automatic transmission. The comparable model generations for Chevrolet, 
Dodge, and Toyota were 2004-06 and for Dodge 2002-06. 

uali Index De lo ment . . . 
The Quality Index (QQ provides a comparative measure to assess differences bern:een 1!1e ~uahty lev~ls of d1ffenng 
manufacturer's models. Having large numbers ofRe~all data for a vehicle m~del 1s a s1gmficant de~ent of the 
quality of the model. As such, the Recall characteristic is of high impo~ce m the QI m~d~l. TSB ~ on the ot~er 
hand, while important, are not potentially life or environmentally threatemng and are considered less nnportant ID 

the valuation of a QI for vehicles in service. · 

Ideally, a zero defect producer of automobiles would a~hieve zero Reca!ls and zer~ TSB's. for any automobile 
model. Achieving the zero/zero defect level would be the ultimate quahty productmn _a~h1evement for any 
manufacturer Based on these ideas, the QI model was created to simultaneously andJo?Itly ~ompare ~ecall and 
TSB data am~ng manufacturer models. The QI model is sh9wn which quantifies a relationship ofQuahty to Recall 
and TSB data: 

QI = RECALL+ (1 /k) * TSB '. where k= relative comparison constant 

· ll fi r the QI model to change the relative importance of 
The coefficient k, the relative compm:son co~~~e~ :;.t in:ersely relates the associated impact of TSB numbers. 
TSB's when compared to recalls. An mcreas~g th TSB' bile higher k values tend to discount the 
Lo k I · t · ght or comparative value to e s, w 

w va ues give grea er wet . k, d 1 ith differing levels of Recalls and TSB' s can be compared 
TSB's. [10) After determining an appropnate mo es wl t d through the magnitude of the TSB data. k's of I, 
via a single QI score. The choice of the constant k was eva ua e 
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1 O, 100, and· 1000 were considered. Figures 1-4 indicate the QI behavior for the considered pick up truck models 
w~th differing k values: 

QI vs Model Year k=1 QI vs Model Year k=10 
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Figures 1-4· 

A k value of 1 gives the ·same strength to a -TSB as that of a Recall. Given that the quality issue of a TSB is neither 
life threatening nor.environmentally hazardous, a k value equal to 1 would appear to give an undue importance to a 
TSB. A similar argument can be made for a k value equal to 10. For a k equal to· 100, a quality comparison of 100 
accumulated TSB's would be equivalent to I recall. From a consumer point of view this may seem a reasonable 
equivalency. Given the choice between an automobile with zero Recalls and 92 TSB's versus an automobile with 1 
Recall and 2 TSB's, it isn't clear which has a higher quality level and would be preferred. For a k equal to 1000, an 
automobile would have .to accumulate 1000 TSB 's to equate to a single recall: In this case the argument _can be 
made that this k value too greatly trivializes the importance of a TSB. Additionally, no model within the data set 
approaches this l~vel ofTSB's. Thus a k equal to 100 might be a good choice for the constant to provide a 
comparison value of QI. · 

Ideally, manufacturer's should have a goal of a QI= 0.00 for any model in any year. No manufacturer has achieved 
a zero defect introduction to a model, however since manufacturer's now produce vehicles by generation, there 
would be an expectation that that the QI for any generational model year would decline over time. As quality issues 
are identified and addressed subsequent model year's production should improve. The decline rate could indicate the 
speed and ability of a manufacturer to address those identified quality issues. A manufacturer with a serious effort 
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toward improving the quality of its vehicle over tim h 
be expected to be less than or equal to the overall Q; s oul~ find that the final gen~rational model year's QI would 

average 1or the model's generation. 

The speed of improving quality can be estimated b a 1 . 
analysis would expect to yield a negative slo e for~ m;ast squares fit a~lysis ~fq1 versus model year. This 
significant reduction in Recall and TSB data~ t1 rth d~l tbat has had Its quahty 1s~ues addressed and seen a 
dynamic and changes over time as new Recallo~; TSc;;~mg _model years. One cautionary note, the QI value is 
in production, may not yet have had all of its Recall and T~•s accum~late~. For example an automobile currently 
expiration on the identification of Recall data d d_ata ye~ identified .. Th~ NH!SA does not have time 
of the analysis is required. ue to the potential of hfe threatemng s1tuat1ons, so periodic updating 

Data Collection and Analysis 
The data were collected for the following models: Silverado 1500 Ram 1500 F d F 150 d · 

parati
. "ght r d . , , or an Tundra which are 

com . ve et cy m ~r~ automatic transmission, similar priced full size pick up trucks sold in the US The 
Appendix shows the compiled Recall and TSB data for these models. The summary data in Figure 5 bel~w shows 
the avera: ~ecall i:ate, (a;rage TS~ volume, average QI, the latest year's QI and the least squares fit slope of QI 
versus m e year t1me -100). Figure 6 shows manufacturer/model rank by descending QI (best to worst). 

k 100 Avg 
Manufacturer Model Recall 

Chevrolet Silverado 1500 10.0 
Dodge Ram 1500 2.0 
Ford F 150 6.3 

Tovota Tundra 4.7 

Figure 5 

k=lOO Avg 

Manufacturer Model Recall 
Dodge Ram 1500 2.0 

Toyota Tundra 4.7 

Ford F 150 6.3 

Chevrolet Silverado 1500 10.0 

Figure 6 

Results 

Avg Avg Latest QI 
TSB QI QI Slope 
256 12.56 7.23 -4.81 
14 2.14 3.24 -0.29 

65 6.98 6.06 -1.06 

21 4.88 2.07 -2.61 

Avg Avg 

TSB QI 

14 2.14 

21 4.88 

65 6.98 

256 12.56 

The QI provides a comparative index by which to evaluate the quality level of product for different manufacturer's 
within the same market segment. The index provides a measure of quality unbiased by consumer opinion as it 
utilizes Recall data, a federal requirements of manufacturers doing business in the US, as its primary focus. 
Due to the index's design, the index reports a significant penalty when a manufacturer produces product with 
potentially life threatening or emission violating issues. 

Despite ever improving gains in vehicle production quality, no manufacturer is close to achieving zero quality 
defects as measured by Recalls and TSB's. The average QI varied from the low of the Dodge's 2.14 to a high of 
Chevrolet's 10.0 for the full size pick up truck analyzed here. The data does show substantial differences in 
manufacturer product quality with German manufacturer Daimler-Chrysler's Dodge pick up having the highest 

quality of full size pick up trucks. 

Additionally, the line of best fit was computed for the QI versus model year time. The QI would be 0.00 while the 
slope would also be 0.0 for a zero defect manufacturer. It was expected that the slope would be negative indicating 
a reduction in the QI versus time which is explained by the manufacturer's addressing quality issues during the 
model's production years. This hypothesis held true for all manufacturers at the k equal 100 value. Dodge had the 
flattest or lowest slope indicating little or no improvement in the reduction of Recalls and TSB occurrences, while 
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Chevrolet. had the steepest descent or greatest improvement for these model years~ This does not imply that Dodge 
has inferior quality to Chevrolet as the amount of Dodge Recalls was low initially and stayed low throughout the 
generation, while Chevrolet had a considerably high number of initial Recalls to improve upon. The most 
interesting result is that although Toyota did not initially have the best QI for the models compared here, their 
reduction in the frequency .of the Recalls and the TSB's over the model generations have allowed them to achieve 
the be~t current QI. 

CONCLUSIONS . . 
Utilizing consumer.opinion based automobile quality surveys may not give an accurate reflection of the true quality 
·level achieved by a manufacturer. Conflicting impressions and consumer behaviors such as brand loyalty may blur 
true achieved quality levels. As consumers will continue to hold product biases~ an unbiased measure of quality is 
needed to better assess the current quality of v~hicles in service. 

The QI model as created by Allen and DeCock appears to give a viable quality index value for unbiased comparison 
of full size pick up trucks from differing manufacturers. The k value analysis tends to indicate that relating TSB' s 
by a value of I 00 is a reasonable choice for the QI model. Regressing the QI data to time also suggested a speed of 
quality improvement by the reduction of the computed slope value. 
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APPENDIX 

Producer Model Year Recall TSB Chevrolet Silverado 1500 2006 7 23 Chevrolet Silverado 1500 2005 11 260 
Chevrolet Silverado 1500 2004 12 485 

Dodge Ram 1500 2006 3 24 
Dodge Ram 1500 2005 0 6 
Dodge Ram 1500 2004 2 13 
Dodge Ram 1500 2003 15 
Dodge Ram 1500 2002 4 2 

Ford F 150 2006 6 6 
Ford F 150 2005 6 70 
Ford F 150 2004 7 118 

Toyota Tundra 2006 2 7 
Toyota Tundra 2005 5 27 
Toyota Tundra 2004 7 29 
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DEVELOPING A SIMULATION MODEL FOR THE RE-DESIGN OF A 
RECONFIGURABLE FACTORY TESTBED AT MORGAN STATE UNIVERSITY (MSU) 

Therese Andeme, James Ngeru, s. Keith Hargrove 
Morgan State University · 

ABSTRACT 
Systems design and analysis can help insure high-quality performance and support a better understanding of the 

· ·system's behavior as an important part of manufacturing operations. However, with new advances in technology, 
robotics and complex automation techniques in manufacturing systems, making.use of purely analytic methods can 
sometimes be very difficult. This triggers the ~eed for design and analysis tools of manufacturing systems. Cons~qu
ently, the use of simulation models has ~merged as a significant real-wQrld problem-solving tool in the design of 
production systems, and remains one of the most ~ommonly used tools to satisfy this need. 

The primary focus of this work is to complete a simulation model in the re~design, analysis, and installation of 
selected hardware and software for a Reconfigurable Factory Testbed (RFT). The RFT is an educational and 
research configuration to study advances in manufacturing systems using flexible and reconfigurable machine 
hardware and software to reduce the fabrication and determine equipment requirements for a future system that meet 
the needs of a production scenario and the construction of a web-enabled laboratory for testing new automation for 
manufacturing applications. This project is part of a collaborative partnership with the University of Michigan's 
NSF sponsored ReconfigurableManu(acturing Systems_ Research Center. · 

INTRODUCTION 
B.ackground 
RFf Laboratory Description 
The Reconfigurable Factory Testbed (RFT) is a valuable comprehensive platform for research, development, 
education, validation and transfer of Reconfigurable Manufacturing System (RMS) concepts (8]. The current 
developed hardware components of the RFT include a serial parallel manufacturing line that comprises an inventory 
and material handling system composed of an Amatrol Automatic System and Retrieval system (AS/RS) and an 
Amatrol standard circular Conveyor as shown in figures l ·and 2; a table top CNC Lathe Machine, a Dyna Myte 
CNC Milling .Machine, a Mercury Robot, a cylindrical axis robot, an Amatrol Jupiter XL SCARA robot, a XLS 
stand-alone Laser Micrometer used for finished product precision measurement, and a Radio Frequency 
Identification · (RFID) antenna system for parts traceability. The machining system is controlled over a · 
communication network and coordinated through a unified software architecture. The human machine interface built 
for the Supply Cell Controller at MSU is totally customizable graphical user interface that allows for communication 
and interface with the user. It also enables for push button controfofthe Ladder Logic stored in RSLogix as well as 
the Open Connectivity (OPC) tags stored in Iconic. The whole system is controlled by "front-end" software tool 
developed by Indusoft [9]. 

Figure 1. RFT Laboratory 
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Demand-Pull O rations Overview 
The partnership between University of Michi an {UM) . 
universities to replicate a demand-pull supply gchain s st and Morgan_ ~tate U~1vei:5ity (MSU) allows for the two 
manufacturer while the other facility Morgan Stat UY_ em: One facility, Umvers1ty of Michigan (UM) acts as a 
parts (raw material) to UM. The MSU Supply Cell ~ mv~rsity (MSU) ac~s as a supplier and subcontractor of train 
UM. Each part will have different color comb. t. ontr~r (SCC) supp bes a specific requested amount of parts to 
parts and assemble the basic train products i:a ions. e UM SyStem Level Controller (SLC) will receive the 
requires a catalyst in the inventory such as in. t syte~ operates as a. demand-pull operation. That is, activation 
Once a part or parts are re uest th ven ory eve . That catalyst IS the requisition of additional parts by UM. 
sends a XML-SOAP com:!and ~the~ S~st~m ~vel Co~troller does a series of inventory level checks and then 
flow at MSU. The requisition ofp~ once ;a. e ;~ Privat~ Network (VPN). These activities activate the data 
the use of Ladd Lo . d. . ce1ve Y e sec Is sent to the Program Logic Controller and through 
conveyor for orde:r ful~t~~n~~ ~ RSLogi~, thhe req~es~d parts are re~eved from the AS/RS and placed on the 

· is process IS s own m Figure I. There 1s an assumption of a virtual su 1 of arts 
for a complete cycle for. order fulfillment. The requested parts are th irtua. 11 1 ad d th pp Y p 
assembly [9]. en v Y o e onto e UM system for 

R~lhe 
rlltrlvalolpa,t 

,------ tom ASJRS racll r----~ 

.,.._ Lewi ------ Supply Cell Command 
~ (UM) Con 1w (MSU) relnval of part 

Fig.2 RFT Demand-Pull operation system 

pert 
. ¥ 

----Ii 

• 
Grlppw • on 

AS/RS 

• • • • • • • • • • 

APPLICATIONS OF IMULATION IN MANUFACTURING SYSTEMS: LITERATlJRE REVIEW 

Researches have focused on the application of simulation in various areas including manufacturing systems. Savsar 
[I] [2] presented the use of simulation for design and evaluation of a flexible manufacturing cell system and a 
facility layout. Also, in manufacturing flow control and analysis. Williams et al.[3],West et al.[4] report the use of 
simulation to investigate the dynamics of an existing system and as an aiding tool for system improvement with a 
better selection of additional equipment and/or better resources al1ocation during system design. Kibira et al. [5] 
used simulation for the design of a production line for~ mechanically-assembled product. Law et al. [6] suggest that 
simulation can be used to evaluate operation procedure and to measure and analyze system p~rformance. Research 
has also focused on the application of simulation in manufacturing systems as a powerful tool to demonstrate and 
visualize the process of system line for a better understanding of how the system really operates [7]. 

This work focuses on the application of simulation modeling in the re-design, analysis, and installation of selected 
hardware and software for a Reconfigurable Factory Testbed (RFT). The main goal is to provide a virtual factory 
environment which supports the overall operations of the RFT. 

SIMULATION PROCEDURE 
This work follows the general methodology for simulation studies as proposed by Banks [IO] and Shannon [11]. 
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Model Design Phase 

Problem Formulation 

Setting Project Objectives and Plan 

System Specification 

Data Collection and Conceptual Model development 

Model Development Phase 

Choosing a Modeling Approach 

Model Translation 

Model Verification 

Model Validation 

Model Deplovment phase 

Experimentation 

Data Interpretation 

Completion and recordings 
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Description of the steps. 

Problem formulation. Her~ the q~estion of what issue needs to be solved is clearly defined. At this stage, the main 
goal_ and P~~ of the project bemg undertaken should be well understood. 
Project Objectives and Plan. Define what the project intends to do in order to solve the problem identified and 
how? 

~ystem Specification. Con~ider reviewing the real world system under study by describing its functionality. This 
unportant ste~ allows to bmld a model that represents the real-world system with high accuracy. 
Data ~ollectJon and Conceptual Model Development This step involves knowing the sources for important data 
collection. Only data needed for the model should be gathered. The conceptual model step is where the abstract of 
the system that defines its logic/structure is created. 
Mode~g approach._ To c~onologically represent and visualize the operations of the system, this work intends to 
use a discrete-event sunuJation approach. 
Model Translation. Turn the conceptual model into a computerized program using appropriate simulation software. 
Model Verification. Verify that the simulated model correctly represents the real-world system. 
Model Validation. This positively answers the question that simulation results in fact replicates operations of the 
real-world system. 
Experimentation. Run the simulation to produce the desired data. 
Data Interpretation. Based on the result of the simulation runs, decisions can be made regarding best design 
alternatives etc. 
Completion and Recordings. Thi phase involves putting the results into practice and documenting them. 

REPRESENTATION MODEL OF THE DEMAND-PULL OPERATIONS 
The flow chart below provides a detail of the generic conceptual model for the Demand-Pull Operation process. 

Demand-Pull O ration Descri tion 
The requisition of a specific quantity of parts from the UM system level contr~ller (SLC) is received by the MSU 
supply cell controller (SCC) (1). That information activates the data flow at MSl!. First, the inventory of parts is 
checked to see whether the quantity of parts in storage meets the request (2). If so, the specific quantity of parts 
requested is retrieved from the storage (3) and placed on the conveyor belt (4) where Pai:18 are r?uted to the. . 
identification station for part tracking (5). Once scanned, parts are processed to the packing station (6).Pac~g Is 
done manually by an operator. First, the operator gets a packing box (7) inside of ~hi~h he/she inserts the finished 
product (8). After the product is put in the box, the operator closes the box (9) which Is then sent to the ~ssembler 
(10). In the case the inventory does not satisfy the request; the system will evaluate the nec~ssary quantity of parts 
that should be manufactured/produced, in order to meet the request ( 12). Then, m~ufactunng of parts takes place 
(13). Once done, manufactured/finished parts are sent to the storage to update the mventory (14). The demand-pull 
operation logic goes back to fulfill the request ( 15). 
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System Level Controller Request of parts (1) Receive requisition ofpart(s) from the 
University of Michigan (UM) ~----.i Assembler. Supply ~ell Controller (MSU). 

NO 

(12) 

Evaluate necessary quantity of parts 
to be manufactured 

(13) 

Manufacture of parts 

(14) 

Update inventory level of parts 
manufactured 

Inventory check for p~( s) being requested 

YES 

m 

(15) Decrease inventory of parts being 
requested 

4 

Place part (s) on the conveyor belt. 

Send part (s) to the identification station 

(6) 

· Send parts to the packing station. 

7 

Get a packing box 

(8) 

Insert part(s) in the packing box. 

Close and seal the packing box 

(10) 

Send requested part (s) to the Assembler (l!M)-

{II) l 
Exit 
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REPRESENTATION MODEL OF PRODUCT MANUFACTURING OPERA TIO NS. 
Toe flow chart below provides a detail of the generic conceptual model for product manufacturing process flow. 

NO 

(I). Manufactwing system initialization 

Check inventory for parts (raw material). 

Define parts quantity to be produced. 

(4) 

Decrease inventory of parts to be manufactured 

Place part (s) on the conveyor belt. 

(6) 

Send parts (raw material) to machining station (s) 

______ ..,___---,(7) 

Get part (s) from the conveyor line and 
place it in the machine (s) 

Manufacture part (s). 

YES 
(9) 

Retrieve part (s) from machining station (s) 
and place it on the conveyor line. · 

Send part (s) to inspection station 

(11) 

Get part (s) from the conve~or 
line and place it for inspection 

(12) 

Perform part ( s) measurement. 
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NO 

(15) 

Send part (s) to the 
identification station 

16 

Perfomi scanning 

(17) 

YES 

Update inventory level of finished 
products 

(18) 

Exit 

Get part (s) from inspection station 
and olace it on the convevor line. 

Description of Product Manufacturing Process Operations. 

NO 7 (14) 

Reject defected 
product 

Step (1 ), the operator initializes the system. This includes turning on the AS/RS/Co~veyor systems etc. Step (2), the 
system performs an inventory level check. Then at step (3), defines and select the desired quantity of parts (raw 
material). Step (4), the robot (AS/RS robotic gripper) at the inventory station 1, retrieves parts (raw material) from 

· the storage and step (5), places them on the conveyor belt line. Step (6), each part is routed to station 2 and/or 3 
where at step (7), the Centari Robot picks it up and loads it into the CNC machine (s). Step (8), the manufacture of 
part (s) takes place. The part remains at the machining station 2 and/or 3 until the manufacture is done. Step (9), the· 
Centari Robot retrieves the part (s) from the machining station (s) and places it on the conveyor belt. Step (10), the 
finished product is routed to station 4. Step (11), the operator picks it up and places it on the Laser Micrometer for 
measurement. Step (12), the measurement of part tolerance takes place. Part remains at the inspection station until 
the measurement is done. Otherwise, step (13) part can be removed from the inspection station and placed on the 
conveyor line. Part (s) is then routed to station 5. Depending on the result of the inspection, part will either bypass 
station 5 or be rejected. Step (14), if part fails inspection, the Mercury Robot at station 5 removes it from the 
conveyor line and sends it to the rejection area. Otherwise, step (15) the finished product is routed to station 7. Step 
( 16), the product is then scanned. Step ( 17), the AS/RS robotic gripper removed finished product form the conveyor 
line and places it _back to the inventory station. The product manufacturing process then ends at step (18). 

CONCLUSION AND FUTURE WORK 
This paper has focused on the development of a simulation model or virtual factory environment that supports the 
overall operations of the Reconfigurable Factory Testbed laboratory at Morgan State University. The paper has 
presented the steps followed to complete the study. Also a defined set of operation scenarios to be implemented in 
the simulation model and that provide a framework of the logic that constitutes the production processes were 
detailed. Much work is to be done as related to the above methodology to complete this study. The model will be 
implemented using commercial software package (e.g. DelmiaQuest, WITNESS, Flexsim, or ShowFlow)._ 
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Inventory station 
1 (AS/RS) Centari Robot 

Operator 

Inspection station 4 

Conveyor line 

Identification station 7 
Packing station 6 

Reject station 5 

Mercury Robot 

figure 3: Diagram of Operations. 
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A NOVEL APPROACH TO DIGITAL iMAGE RESTORATION 

Xiaoli Huan, Beddhu Murali and Adel Ali 
University of Southern Mississippi 

ABSTRACT 
An image restoration method, which combines the advantages of High Accuracy Fast Marching Method and non
parametric texture synthesis, is introduced in this paper. It restores the target regions with visually plausible quality 
and lower execution cost that is at par or better ~an several existing methods. 

INTRODUCTION 

Automatic image restoration is a technique which repairs damaged image or video by means of structure construction 
and texture synthesis. Efficient digital image restoration algorithms have broad applications, which include image 
interpolation, photo restoration, image zooming and super-resolution, texturing on non-developable object and 
region based image and video compression and coding. 

In previous work, researchers have considered the image inpainting techniques and other methods for reconstructing 
damaged portions of an image. Most restoration methods work as follows. First, the part to be repaired is selected as 
a target region through user-interactions. Next, given some parameters (if any), the algorithm initiates the process. 

RELATED WORK 

In the literature, the essence of partial differential equation (PDE) based image inpainting techniques [1,2,3] is to 
prolong the isophote lines and try to extend them· into the target region in a continuous manner. Those PDE based 
methods require complicated discrete scheme and numerical implementation. The inpainting processes are quite 
slow. Oliveira's algorithm [4] and Telea's algorithm [5] are examples offast and simple inpainting methods. 
Oliveria's algorithm initializes the target region by clearing all the color infonnation, and then a simple kernel is 
repeatedly convolved over the missing regions to diffuse known image information to the missing pixels. However, 
users must manually select the high-gradient image areas in advance and treat them separately to avoid the blurring 
artifacts. Telea's algorithm presents an inpainting method based on the fast marching methods (FMM) invented by 
Sethian and Osher [6]. The algorithm first uses fast marching method to decide the filling order of pixels to be 
inpainted. Then it uses certain mathematical models to inpaint each individual pixel. The main limitation of this 
method is similar as the methods [1,4]. Telea described ''the blurring produced when inpainting regions thicker than 
10-15 pixels, especially visible whe~ sharp isophotes intersect the region's boundary almost tangentially''. 

Im.age inpainting techniques can only repair small target regions. Approaches discussed in Yamauchi's algorithm [7] 
and Bertalimio's method [8] combine the texture and inpainting techniques to restore large target regions. In 
Yamauchi's algorithm, the image is decomposed into high frequency and low frequency by discreet cosine 
transformation. The fast and simple inpainting method [4] is applied to the low frequency part. The high frequency 
part is decomposed into Gaussian pyramid with multi-levels. A KO-tree for neighbor look-up is built and the texture 
is synthesized. High frequency and low frequency parts are summed up to yield the final image. The algorithm 
developed in [8] decomposes the image into the sum of two functions. The first function is bounded variation 
function, which is characteriz.ed as underling image structure, and then is constructed by the image inpainting 
technique [l]. The second function is used to capture the texture and noise of the image and can be reconstructed by 
the texture synthesis technique. The final resulting image is the sum of the two sub-images. Those restoration 
methods [7,8] are quite slow. The algorithms require image decomposition, PDE-based image inpainting or multi
level texture synthesis. For example, the target region that covered 4-6% pixels of the input image, the algorithm [7] 
took about 5-10 minutes to complete. It is not likely an efficient technique for real time user interactive applications. 

The goal of this paper is to present an efficient algorithm which is Straightforward to implement. Our approach can 
be applied for real time applications that demand fast user interactive needs. Such applications include plug-ins for 
Photoshop and other image processing systems. The proposed approach generates sharp and plausible results and 
works for both small and large target areas. The first step of the algorithm takes advantage of fast marching method 
to decide the filling order of unknown pixels. The second step uses simple texture synthesis technique to fill the 

~ t ' ' 
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target region in blocked based unit. In the next section we introduce the algorithm. Results and analysis are also 
summarized. Finally conclusion and future extensions of the research are proposed. 

THE RESTORATION ALGORITHM AND RESULT ANALYSIS 

The algorithm developed in this research differs from Telea's algorithm [5] in the following aspects: 
• Level Set Methods only need to be applied at the pixels inside the target region. 
• High Accuracy Fast Marching Method is used. 
• Priority of unknown pixels on the same level set has been considered. 
• Sum of Squared Differences (SSD) is used to propagate color without blurring artifacts. 
• Our algorithm is block-based which can restore a whole block of unknown pixels at a time. Telea's 

algorithm is pixel-based, which restores image in pixel unit. 

The image restoration algorithm: is implemented using Visual C++ and OpenGL on a PC equipped with a 2.4 GHz 
Intel Pentium 4 CPU with 1 GB RAM. The CPU usage is about 95-97% when the algorithm is tested. 

(a) (b) (c) 

(d) (e) 
Figure l. Chair removal example. (a) Test image adopted from reference [14]. (b) Result from Adobe PhotoShop and Jase Paint 
Shop plug in Image Doctor [11]. (2 seconds excluding 1/0) (c) Result from Yamauchi's algorithm [7]. (5 to 10 minutes 
including 1/0) (d) Result from modified code for Telea's algorithm [12]. (I seconds excluding 1/0) (e) Result ·from our 
algorithm (23 seconds excluding 1/0, offset=l5, block_size = 6). 

Figure 1 shows an example of removing marked chairs from the test image. Commercial software image doctor [11] 
and Telea's algorithm (12] did not produce comparable results. Yamauchi's algorithm [7] produced equivalent 
results as our algorithm, where the flare of the highlight that is reflected from the marble floor is restored after the 
chairs have been removed. For computational cost, our algorithm runs with much less time. 

In Figure 2, tree texture is synthesized after the object has been removed. Commercial plug-in image doctor worked 
well in this example and used only 2 seconds to get the plausible result. Telea's algorithm had blurring result in the 
output image. Compared with Yamauchi's algorithm, our algorithm resulted in equal plausible quality, however, 
with higher efficiency. 
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(a) (b) (c) 

(d) . . (e) (f). . 
Figure 2. Tree texture synthesis example. (a) Original image adopted from reference [15]. (b) Test image with target region from 
~eference [14]. (c) Re~ult from Adobe P~otoShop and Jase Paint Shop plug in Image Doctor [11]. (2 seconds excluding 1/0) (d) 
Result from Yamauchi's algorithm [7]. (5 to 10 minutes including 1/0) (e) Result from modified code for Telea's algori~ [12]. 
(I seconds excluding 1/0) (f) Result from our algorithm (34 seconds excluding 1/0, offset=30, block_size=4). 

(a) (b) (d) 

(e) (t) 

Figure 3. "The beach" restoration. (a) Original image adopted from reference [17]. (b) Test image with the target region. (c) 
Result from Adobe PhotoShop and Jase Paint Shop plug in Image Doctor [11] (10 seconds excluding 1/0). (d) Result from 
modified code for Telea's algorithm [12]. (1 second excluding 1/0) (e) Result from our algorithm (15 seconds excluding 1/0, 
offset=30, block_size=8). 
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In Figure 3, the couple standing on the beach is to be ed · 
textures being restored Commercial 1 . . remov wtth the structure of the bars and multiple background 

al 'dun Th · 1 fr P ug-m unage doctor and Telea's algorithm did not produce comparable results 
as our gon . e resu t om our algorithm · b · l • is o v1ous y of the best quahty and impressively good. 

. ~a) . . (b) (c) 
Fi~ 4. Bnck restoratio?' ~a) Te~ image with the target region adopted from reference [14]. (b) Result from Yamauchi's 
algon~ (7]. (5 to 10 mmutes mcluding 1/0) (c) Result from our algorithm (66 seconds excluding 1/0 offset=40 
block_s1ze=l4). . ' ' 

In F~gure 4, ~ ~ ed row ~f bric wall ~ to be restored. The image features an additional intensity gradient caused 
by light, ~h1ch ~l complicate rest~ration process.. The results were compared between those obtained by using 
Y amau~hi s. algonthm and our algonthm. Our algonthm produced smoother and organized brick structure with less 
processmg time. 

Summarizing results from Figure 1-4, it is evident that Telea's algorithm can not work well for large target areas; 
Commercial software Image Doctor works well on homogenous texture (Figure 2), but it does not work well for 
target areas that are highly structured or areas involving non-homogenous texture backgrounds (Figure I and Figure 
3). Our algorithm produces output images with equal or even better quality than those from Yamauchi's algorithm, 
and runs much faster (Figure I, Figure 2 and Figure 4). 

CONCLUSION AND FUTURE WORK 

A novel algorithm for digital image restoration was developed. Using this algorithm, the image can be restored by 
replacing the user-selected target regions with visually plausible backgrounds, which imitates the structure and 
texture of the source region. The algorithm provides a practical tool to restore a broad range of natural images 
without much infonnation of their physical structures and textures and with high computational efficiency. The 
algorithm is easy to implement and results can be generated within seconds on current PCs. 

The essence of this algorithm is combining High Accuracy Fast Marching Methods and blocked based texture 
synthesis techniques inspired by Markov Random Field methods. Comparative experiments show that this algorithm 
can restore small scratches as well as large objects. The topology and edge sharpness of the repaired areas are well 
preserved 

Two main limitations are associated with this algorithm. First, it cannot produce a reasonable result if the 
background or selected source region does not contain any similar block to ~e target region. Second, block size is 
not automatically determined by the algorithm. It is required for users to input ~he size_ of the block accor~ing to 
each individual image. The recommended future work is to imp_lement automatic function to compute o_ptnnal ~lock 
size. An optimal block size should be slightly larger than the size of texture elements. As a startmg pomt, Vanance 
Oriented Approach [13] may be used to obtain block size for homogenous te~e. An exte~ded research, however, 
should expand the subject from homogenous to non-homogenous textures for unage restoration. 
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SHAPE RECOVERY BY USING LEVEL SET METHOD 

Xiaoli Huan and Adel Ali 
University of Southern Mississippi 

ABSTRACT 
We introduce a computational technique called level set m th d · d b • 

· tin th d · . e O mvente Y S. Osher and J. Seth1an for :x:~ p!rs~rv:::;zo~:i c~es and s~ace~ .. i:ius numeric~! me~od sh_ifts the natural geometric 
level set method has been applieJ in a rap~~s to E~lenan m1tial value partial differential equation perspective. The 
. . thi I Y growmg number of areas such as image processing and computer 

VISton. In . s paper, we developed edge detection Software for trackm' g th d .. ..c. • 
dri · s I h e curves an sw 1aces with curvature-

ven motion. evera ~ ape recovery examples will be demonstrated. 

INTRODUCTION 
The level set methods (LSM) was proposed by S Osher and J Sethian m· 1988 [ 1] LSM · · I · fl kin · rn . . . · · . 1s a computationa technique 
or_ trac g ~te ace mo~on over time. 1?1s method has been used in a variety of aspects including research areas in 

flwd ~echarucs, combustm_n, manuf~c~g of computer chips, computer animation, image processing, physical 
;reling. For a more detailed descnption of level set methods, the reader is referred to Sethian's published book 

L~M ~volves advecting_ a continuous scalar variable. Considering G(t) to be a moving closed curve in two 
~ens1ons or a surface m three dimensions constituting an interface. A Eulerian formulation for the motion of the 
mterface has to be produced. 1:1e mo~on of the interface propagates along its normal direction with speed F, where 
F ~ depe~d on many factors, mcludmg the curvature, normal direction, shape, position of the front, or underlying 
flwd velocity (i.e., Figure I). 

-Qs 
G(t) I 

F 

Outside 

Figure I. Illustration of curve propagating with speed Fin normal direction 

The interface G(t) can thus be represented as the zero height level set of a function ,. This feature differentiates 
LSM from previous one that can also be used to treat interface G(t). The volume-of-fluid (VOF) advecting a 
discontinuous scalar field, requires the fractions of cells containing materia~ inside the interface and it is an 
approximation technique to reconstruct the front. Such a technique is inaccurate and problematic under the complex 
calculations of interface evolution. In contrast, the scalar variable is preserved in LSM as certain distance function 
that depends on the grid size. Therefore, the finer is the mesh, the more accurate the method is. The input of the 
position and current height of the interface allows many related quantities to be computed. For example, curvature 
of the interface can be directly calculated from ¢> ; Intrinsic geometric properties such as the position, magnitude and 

direction of surface tension momentum sources can also be easily determined. Most numerical techniques attempt to 
follow moving boundaries by putting a collection of marker points on the evolving front and then changing their 
positions corresponding to the movement of the front. Such schemes are usually unstable and can blow up as the 
curvature builds around a cusp, since small errors in the position produce large errors in the determination of the 
curvature [I]. In contrast, level set methods share a common view of how to solve these problems. Rather than 
focusing on the moving boundaries themselves, these techniques exploit a strong link between moving interfaces and 
the computational fluid equations [2]. 
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Assume that the interface always move "outward" (or "inward") which means F>O (or F <O) during the interface 
moti.Qn, the propagating rate of the front can be detennined by calculating the arrival time T(x,y) as it crosses each 
grid point (x,y) in space. 

Supposing at each red grid point there is a person to record time with a watch, as the front passes at each red grid 
point; the person waiting there marks this arrival time T. The whole set of the passing time values T(x,y) then 
establishes a function. The function T(x,y) renders a surface and it interacts with the grid precisely from the curve 
starting point. At any height ( actually time 1), the surface gives the value of-the front position. This surface is called 

. the arrival time surface [2], because it gives the arrival time of the interface passing at each grid point. In our 
research, the initial boundary of the target region moves in~ard until all the pixels inside the target region are 
updated and thus the target region disappears. 

Figure 2 is the illustration ofFMM. The blue area stands for the interface. Function T(x,y) is built with the 
evolution of the interface. T(x,y) interacts the (x;y) plane where the interface begins. 

■ X 

Fi~e 2. Illustration of the Fast Marching Method. 
Figure is adopted from reference (3] 

The equation for the arrival function is called·boundary value formulation, which is: 

IVTIF = 1, T = 0 on r (Equation ID-1 ) 

where r is the initial location of the interface. 

This equation is used in Fast Marching Method. Equation III- I is also applied in our image restoration algorithm. 
T=O is the initial boundary of the target region. By solving the equation III- I, the fi:ont position at any time T can be 
obtained. Here the Tmeans the arrival time ofboundaries of unknown pixels. This equation can be solved for each 
pixel in the target region. These pixels can then be mapped in a queue in the increasing order of T. The pixel with 
smallest Tis repaired first because this pixel is the one currently closest to the known region. In this way, the filling 
order of pixels in the target region is then obtained. 

If speed F changes sign during interface movement, the interface can move cross any grid point forward and 
backward. The arrival time function T(x,y) is not a single valued function. In order to deal with more general cases, 
Osher and Sethian [I] proposed following equations 

· t/J, + FjV t/JI = 0 given t/J(x,t = 0) (Equation ID- 2) 

Above equation is also referred as a Hamilton-Jacobi type equation because, one can obtain the standard Hamilton-
Jacobi equation for certain forms of the speed function F. · 

There are several major advantages associated with the Eulerian Hamilton-Jacobi formulations [2]. 
I. Any topology change can be managed naturally. Topology may break, merge or form sharp comers. 
2. The formulations can be accurately determined by computational schemes, which take advantage of 

techniques employed from the numerical solutions of hyperbolic conservation laws. 
3. These formulations rely on viscosity solutions of the associated partial differential equations in order to 

guarantee that the unique, entropy-satisfying weak solution is obtained. 
4. Intrinsic geometric properties of the front may be easily obtained by solving LSM equations. 
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5. The formulations can be easily applied to surface with higher dimensions. By simply extending the array 
structures and gradients operators, propagating surfaces are easily handled. 

In the later chapter, image segmentation software designed to use LSM to detect the object shapes in an image will 
be introduced. The software first uses the fast marching method (Equation 111-1) to approximately find boundaries of 
the objects, and then uses general LSM (Equation III-2) to refine the boundaries. 

THE SOFfW ARE 

The role of shape recovery has been widely used as a critical component in many medical applications such as 
cardiac boundary detection and tracking, tumor volume quantification, etc. Accurate shape recovery becomes an 
important research topic. In two-dimensional and three-dimensional medial imagery~ the human body shapes are 
implicitly present in noisy images, complex medical structures and restricted scanning techniques. Therefore, the 
goal of shape recovery is to construct the shape boundary descriptions automatically in order to assist physicians to 
obtain the right information. Exploring faster and more accurate shape modeling software tools for shape 
visualization apd further processing becomes an important task. 

The two-dimensional and three-dimensional cortical segmentations were first attempted by Malladi and Sethian [4]. 
The calculation was completed using a level set method to track the motion of an initial interface, which is embedded 
as the signed distance function. The resulting level set equation for front propagation is then updated using a first 
order in time, central difference in space scheme. The approach is similar to that of active contour models, in which 
a speed function is synthesized from the image gradient and includes an expansive balloon force, a curvature-driven 
surface tension term, and Gaussian smoothing filter based on the local image-gradient [4]. 

We designed the segmentation software according to the method [4]. This software is implemented in JAVA and is 
very efficient to detect medical shapes. Figure 3 is one example to recovery the shape of a human face. 

Figure 3. Our shape recovery software to track the face boundary. 
The test face image is adopted from reference [5). 

The following describes boundary-tracking process using the software developed in this research: 
1. The user opens an image for shape detection. The image is displayed in the upper right window. 
2. The user sets the initial seeds inside the image by clicking the mouse. The user can reset the seeds by 

clicking the Reset button. Seeds are used to ~ell the software th~ region of interest (ROI). _ . 
3. Set the parameters. Parameters have default values once the software starts. Except for the fast marchmg 

iteration, the default values of parameters work well in most cases. The parameter value for fast marching 
iteration can be approximated according to the estimated size of the shape. The iteration process will be 
prematurely stopped if this value is too small. 

4. The user presses the start button. In a few seconds, the software displays the results in the window at upper 
left comer. Now the user can save the resulting image in JPEG format. Resulting image can be further 
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processed by some mathematical analysis for various applications. For example, the face boundary 
information may be stored in database for s~curity purposes. The user also can move the slider under the 
"Show Front Propagation" to observe the boundary evolution process, in which the fast marching method 
iterates in the background. 

The detailed algorithm ofthe image segmentation was described in paper [4]. The contour of the shape is first 
obtained by the fast marching methods. The following equation is to be solved. 

IVTIF = 1, F = e -ajVGu•I(x,y,z)I (Equ~t~on III-3) . 

a is the fast marching method exponential coefficient. Gaussian smoothing filter was also applied to avoid the false 
· gradient due to image noise. When the speed function is very close to zero near the high image"'gtadient, it usually 

means that possible edges are detected. The evolution of shape only stops when speed value is close to zero. At the 
end of this process, the final shape of the medical object is detected. 
Twas discretized by the quadratic equation: 

[
max(D;~;T,0)

2 + min(D;:;r,0)
2 +]1

'

2 --,½·. 
(Equation III-4) 

max(D~~T,0)2 +min(D:J!T,0)2 F;,1 
l,J l,J 

n+ and v- represent forward and backward difference operators. The equation is solved at each grid point and 
the largest root is selected as the correct viscosity solution. 
After applying fast marching method, general level set method is employed to optimize the resulting boundary. The 
following equations are solved for this purpose. · 8<1>. . . . .. 

-· - + k1 (1- bK)IV<I>I- /NP· V<l> = 0 (Equation ID-5) at 
H = l/f xx (l/f: + l/f:) + l/f yy (l/f; + _l/f;) + lf/ zz (l/f; + l/f: )- 21/f xyl/f xl/f y - 21/f yzl/f yl/f z - 21/f zxl/f zl/f x 

. (l/f; + l/f: + l/f; )½ 
1 

Ki=-------

1 + IV Gu * l(x,y)I 

P(x,y)_ = -IVGu * I(x,y)I 

Here His the mean curvature driven force. K I is very close to zero near high image gradients. P is the gradient of 

potential field that attracts the evolving surface to 'the edges of the objects. e is the ~urvature coefficient and p is 

the coefficient to control the strength of this attraction. 

Figure 4 is an example to recovery the boundary of a knee. This knee is called "The pain of marathon" that shows 
Detlef Zerfowski's knee after hard marathon training [6]. The recovered boundary of the knee (Figure 4 (c)) detected 
the abnormal region, which is a artial fracture near the center of the knee. 

(a) 
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(c) 

Figure 4 . Knee recognition (a) ROI defined by the user. (b) Segmentation in progress. (c) Final detected object 
shapes. 

The test image is from rdemicc (6). 
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A CAP ACl'.I'Y PLANNING MODEL FOR MAKE-TO-ORDER ENTERPRISE 

Siddharth Mestry, .Purushothaman Damodaran, Chin-Sheng Chen and Chao Wang · 
· Florida International University 

ABSTRACT 
This paper addresses the short-term capacity-planning problem in a make-to.order operation environment. A 
mathematical model is proposed to select a set of customer orders to maximize the operational profit such that all the 

· selected orders are fulfilled by their deadline. With a given capacity limit on each resource type'and its cost rate, 
solving this model leads to an optimal capacity plan as required for the selected orders over a given time horizon. 

INTRODUCTION 
Capacity planning determines the resources requirement of an organization to sustain a given demand over a 
planning horizon. There are three tiers of capacity planning in terms of their planning horizon. The long-term 
capacity planning focuses on yearly resources requirement of plants and divisions for new and existing product lines 
and processing technologies, subject to demand forecast and capital funds. It determines (1) facility locations and 
layouts, and plant capacities, (2) major supplier's plans and their vertical integration, and (3) production technology 
such as new processing techniques, production methods and modes, and new automation systems. 

The medium-term capacity planning typically focuses on setting monthly or quarterly resources requirement for 
each plant for a one-year planning horizon. It decides on workforce level, raw materials and inventory policy by 
product group and department. Based on sales forecasts, it generates production capacity plans for ( 1) _ labor
employment level (layoffs, hiring, recalls, vacations, overtime, and part-time employees), (2) inventory policy, (3) . 
utility requirements, ( 4) facility modifications, (5) outsourcing, and (6) major material-supply contracts. Capacity 
requirements may vary from period to period in their straight time labor, overtime labor, inventory, and 
subcontracting. 

Two major medium-term (aggregate) planning approaches are: (1) matching demand and (2) level capacity. With · 
the matching demand approach, production capacity in each time period varies to exactly match the aggregate 
demand as forecasted for that time ·period, by hiring and laying-off workers. With the level capacity approach., 
production capacity is held constant over the planning horizon; and the difference between the constant production 
rate and the varyi,lg demand rate is made up by inventory, backlog, over time labor, part time labor, temporary 
labor, and/or sub-contracting. A make-to-order (MTO) operation usually adopts the level capacity approach. It 
cannot leverage on inventory, as each order is a backorder and it requires customization. The common practice is to 
maintain a level production capacity of core competency, and rou~ely relies on overtime and subcontracting to 
adjust its capacity and to accommodate demand fluctuation. 

The short-term capacity planning sets a daily or weekly capacity plan for a planning horizon corresponding to Work 
orders' lead time. It specifies resources requirement of each labor and machine type for each order. It usually 
translates internal order releases into a load schedule (time-phased capacity requirements) by labor and equipment, 
based on a process plan and material arrival time for each job. It may consider alternative sources for meeting 
orders' due date, including over-time and outsourcing. This paper focuses on the short-term capacity-planning 
problem in the MTO operation environment. In particular, this study focuses on the product mix problem, in which 
the MTO manager selects an optimal set of orders to maximize its operation~ profit over a planning horizon. Each 
order selected must be completed by its due date. No late job is allowed. The manager may consider over time as an 
alternative source for capacity at an additional variable cost. Thus straight time should be considered first, before 
over time for each resource type. . 

LITERATURE REVIEW 
Manufacturing firms fill their customers order by adopting different policies. Some firms may fill the demand for an 
order through finished goods inventory. Such a policy is referred in the literature as make-to-stock (MTS). Other 
firms may start working on an order only after the order has been placed. Such a policy is referred to as make-to
order. Unlike in MTS, which hold finished goods in inventory as a buffer against variations in customer demand, 
MTO operations hold capacity in inventory to meet customer demand (Barut and Sridharan, 2004). The ~ost 
important aspect in. MTO is the effective and efficient use of available capacity to meet customer demands. Unused 
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capacity represents potential loss in revenue Harris d p· d (1 
plan for the capacity in an assembl -to-o d · an . ID er . 995) propose a r~venue management approach to 

. e . r er manufacturing envrronrnent. In mach1De-tool manufacturing industry 
the ratio of expected demand~ the avatlable capacity is close to unity Bertrand and 8 ·dh (2001) 
Consequently all the orders will be accepted d h th · h ' . . . n aran · 

wth . ' d d) th an w en e m- ouse capacity 1s occas1onally exceeded ( due to short-
term gro . ID em~ e ord~rs are sub-contracted. Barut and Sridharan (2004) proposed a heuristic for short-
term_ ~ac!1}' ~location to multiple-product classes in MTO manufacturing. The objective was to maximize profit 
by ~ating be~een P_roduct cl~ses. ~~is and Slotnick (2002) proposed Dynamic Programs and heuristics to 
exam.me ~e profitabihty of Job sele~on dec1s10ns over a number of periods when current orders exceed capacity. 
Th~ conside~ a penalty ~hen not bemg able to meet the delivery dates. Balakrishnan et al. (1996) describe how to 
rati?n the available CBfac•ty when th_e forecasted demand is higher than the available capacity over a planning 
ho~n. The assumption they make ts tha~ all the products can be classified into two product classes and they use a 
dectston-theory based approach. For a review ofhterature on managing capacity in high-tech industry, we refer to 
Wu et al. (2005). 

Another important issue in a make-to-order setting is the due-date feasibility. Because of the nature of demand, 
meeting a MTO due date is more than just an objective to optimize. It is a deadline to keep and thus a constraint to 
comply with. Due date feasibility depends on the availability of the time-phased resource capacity, as multiple 
orders and bids are competing for resources. Therefore meeting the deadline is the first criterion used to reject or 
accept a back order. The acceptance/rejection of an order based on capacity availability is referred to as available
to-promise (ATP), which is a common function in an ERP system to search and check resource availability 
(Knolmayer and Zeier, 2002). With most ERP systems, it is a simple search in a database, accompanied by a simple 
heuristic rule such as first-come-first-serve (FCFS). When an order is accepted, it is usually inserted into the 
existing master production plan. In case when the customer deadline cannot be met, overtime or outsourcing may be 
considered for providing extra capacity. Holloway and Nelson (1974) and Akkan (1996) studied the optimal use of 
overtime in detailed scheduling. In their model, however, overtime was not included in the resource pool; it was 
used to expedite order processing instead. Therefore, the objective was to minimize the use of overtime. Other 
studies searched into order acceptance policies. Keskinocak et al. (2001) defined intervals to roughly filter 
incoming orders. Only orders that arrive within the time intervals were accepted. Duenyas and Hopp (1995) studied 
the order acceptance policy in an MRP infrastructure by considering the capacity, lead time and customer type. 
They established a threshold for a total number of orders allowed to be in the system. If the system has more orders 
than the threshold value, new orders are rejected. 

A classical due date problem is to schedule one machine for a set of jobs that have the same arrival time and a 
different processing time (Panwalkar et al., 1982). Solving a due date problem_ for even_ one machine may prove to 
be a great challenge. For example, minimizing total job tardiness on one machme remams an NP-complete problem. 
In a job shop environment, each order comes with a different route. The complexity makes due date problems 
strongly NP hard 

This paper differs from the existing literature in many _aspects. The objective considered is to maximize the profit 
considering only the sales price and the operational costs. The accepted orders should b~ complete? ~y the due ~te. 
Many existing literature assume a penalty for tardy jobs._The j_ob precedence's are considered and 1t 1s not restricted 
to a flow shop type environment. In addition to helping to decide whether or not to accept an order, ~e model 
proposed helps to develop a detailed schedule for the accepted order. Consequ~ntly, the model ~es mto account the 
technological constraints and avoids schedule conflicts _in the presence of mu!tiple orders competing for several 

1 · h · There are a number of papers which descnbe how to set due dates for several resources over a p anmng onzon. firm 
orders in a MTO environment. However, the scope of this paper is to help a manager ofan MTO ~o accept or 
reject an order considering the existing capacity, whether or.not the due date can be met, and the associated profit. 

MATHEMATICAL FORMULATION . . 
This section presents the mathematical model proposed_ for the shoi:-tenn capacity plann~g problem for the MTO 
operation environment. The sets used in the mathematical formulation are defined below. 

I 

-" 
T 

items {ie/} 
number of jobs (or operations) in item i { j El;} 

time periods { t E T } 
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K resources {. k e K } 
R sources { r e R } 

The parameters used in this mathematical formulation are defined below: . 

. - S; 

d; 
PiJk 
Ctr 

b1cr1 
lr1 

selling price of item i 
due date for item i 
processing time of job j of item i on resource k 
unit processing cost per hour on resource k of source r 
number of hours of resource k of source r available in time period t 
number of hours of source r available in tiine period t 

The decision variables used in this model are given below: 

XiJkrt number of hours of resource k of source r assigned for processingjobj of item i in time period t 

y; _krt = {I, if job j of item i is processed on resource k of source r in tim~ period t 
IJ 0, otherwise 

Z- =•{I, if the order for item i is accepted 

' 0, otherwise 

Each ord~r for an item may consist ofseveraljobs (or operations). The jobs have precedence's (i.e.,jobj+l can 
begin only after job j is completed). The length of the planning horizon is fixed. Two kinds of sources are 
considered in this study. · They are regular time and overtime. Here we assume the times consist of labor and 
machine times. The length of the regular time in one day is typically fixed and the length of the overtime can vary, 
depending on the need. Overtime usually is consider~d more expensive. The available length of both regular time 
and overtime is assumed to be 8 hrs in this study. The mathematical formulation for the problem under study is 
presented below. 

.. 
Maximize Ls;Z;-L LL.LLc1crXijkrt 

iel iel jeJ1keKreR teT 

Subject to · 

L L X ijkrt i bkrt 
iel jeJ1 

LLxijkrt = Pykzi 
reR teT 

LLxijkrt 5::/rt 
jeJ1keK 

xijkrt ~ rijb-t 

Xijkrt 5:: Pykyijkrt 
-LtY;IJ,lkrt ~ d;Z; 
keK 

t-1 r 

LLxi(j-l)kr't' + Lx;u-1)1cr·, "2::.P;u-1)k Lrijk'rl 
r'eR t'=l r'=l k'eK 

t 

LLx,u-1)krt' ~ ·Piu-1)k LY;1k'IR1, · 
reR t'=l k'eK 

X;jkrt~ 0 

YiJkrt Binary 
Z; Binary 
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V k e K,r e R, t e T 

Vi E /, j e J;, k e K 

Viel,teT,reR 

Vi e /, j e J;, k e K, r e R,t e T 

Vi e /, j e J;, k e K, r e R,t e T 

Vie I,r e R,t e T 

Vi e /, j e J; \ {I}, r e R ~ {I R I}, k e K, t e T 

Vi e /, j e J; \ {I}' k e K' t e T 

Vie l,j e J;,k e K,r e R,t e T 

Vie /, j e J;, k e K, r e R, t e T 
Vie/ 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 



Proceedings of the 2007 IEMS Conference 

Th~ o~jective (_I) i~ fonnulated to maximize the total net profit over the planning horizon. The first term in the 
objective fun~tion ts the total revenue and the second term is the total processing cost. The constraint set (2) ensures 
that the capacity of resource k of source r in time period t is not violated. Constraint set (3) ensures that adequate 
resources are allocated to processjobj of item i. The total number ofhours allocated to process ajob should be 
equal to its processing time. The equality constraint set (3) can be replaced with an inequality(~) constraint. The 
second term in the objective function will prevent allocating more resources than what is required. 

The constraint set ( 4) ensures that each job of an item is processed for no more than lr1 hours in each source during 
each time period. If the processing time of job j is less than lr1, then it is possible to start processing the next job 
(j+ 1) in the same time period. Since job (j+ l) cannot be started before job j, the remaining time available for job 
(j+ 1) in period t is only ( I rt - PiJ1:). Consequently, the total time allocated to process item i in any time period cannot 

exceed /rt hours. The constraint sets (5) and (6) set the Y;ikrt decision variables to either 1 or 0. The Yykrt variable is 
like an indicator variable. It takes a value of l when XiJkrt > 0 indicating that job j of item i is being processed on 
resource k of source r in time period t; otherwise it takes a value of 0. The YiJkrt variables are used to ensure the 
precedence rel~onship. The constraint set (7) ensures that when an order for an item is accepted, the completion 
time of the last job of that order does not exceed the order due date. 

The next two constraint sets impose precedence restrictions. The constraint set (8) ensures that job j of item i can be 
processed in period t during regular hours only after completing job (j-1 ). The first term in constraint (8) represents 
the total number of hours allotted to process job (j-1) in time periods I, ... ,(t-1 ). It includes both the regular time and 
over time hours allocated to process job (j-1) in each time period up to and including (t-1 ). The second term in 
constraint (8) represents the number of hours allocated to process job (j-1) in time period t during regular hours. 
Figure I illustrates how the precedence relationship (i.e., constraint 8) will take effect when job (j-1) is c~mp~ete~ in 
time period t during regular hours. The processing of job (j-1) begins during the regular hours of production m time 
period (t-1 ), continues during the overtime and then to regular hours of production in time period t. The process~g 
ofj can begin either during the regular hours of production or during overtime in time period t' ~ t. For 11lustration 
purposes, it is assumed that jobs (j-1) and j require same resource k in Figure I. Figure 2 ~lustr:ates the case when 
both the jobs require different resources. Job j can be processed on resource k' only after Job j 1s completely 
processed on resource k (k' f. k). · 

0 

j-1 

j-1 

t-1 

I . 
i 
I 

j-1 

Figure 1: Illustration for precedence constraint 8 
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k' t---------1 
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j-1 j-_l 

j-1 

t-1 . . t 

Figure 2: Illustration for precedence constraint 8 (Two different resources) 

□ Regular hours 

~ Overtime 

D Regular hours 

~ Overtime 

The constraint set (9)'. ensures that job j of item i can be processed in period t during overtime only after completing 
job (i-1). Figure ·3 illustrates how the precedence relationship (i.e., constraint 9) will ta~e effect whenjob (i-1) is 
completed in time period t during overtime. The processing of job j can begin during the remaining overtime hours 
in time period (t- I) or any source ( either regular hours or overtime) in time period t' > t. The constraint sets (I 0) - . 
02) impose the non-negativity restrictions on the decision variables. In particular, the constraint sets (11) and (12) 
impose the binary re~trictions on the decision variables Y and Z. -

. ·1 t---_j-1---t 
t---j--1--ki ~ 

I 

Regular hours 

Overtime . . 

0 t-1 t . 

Figure 3: Illustration for precedence constraint 9 

The proposed mod~l can be solved using a mixed-integer solver, such as CPLEX, for a given problem instance. The 
output of the model will prescribe the set of orders to accept and a detailed schedule. The schedule is very useful to 
compute the efficiency of the resources, residual capacity available for future planning, and the number of over time 
hours required per time period over the planning horizon. The number of over time hours required per time period is 
especially useful to plan for labor resources. · 

EXPERIMENTATION 
Tables 1 and 2 give the data used to illustrate how a decision maker could use the mathematical formulation · 
proposed in this paper. Two kinds of sources are considered; namely regular production time and overtime. It is 
assumed that the regular production time and overtime is 8 hours each. In each source, three resources are 
considered. The planning horizon includes three time periods. The decision maker has to decide which item orders 
to accept and how to schedule the accepted orders such that they are processed before their due date. The objective 
is to maximize total profit. At the beginning of the planning horizon, three items are available to choose from. The 
selling price and due date for each item is given .. 
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e : a eeneration (1) re R {1,2} 1: regular hours of production; 2: overtime 
teT {l,2,3} A planning horizon with 3 time periods 

i E / { 1,2,3,4,5} Five items 

Tabl 1 D ta 

jEJ; {I, 2, 3} Each item comprises of 3 jobs or operations 
keK {l,2,3} Three resources 

Table 2· Process· f mg 1mes and cost 
Item # Job# Resource# Process Time 

(pijk) Item# #of Due Date Selling Price 

I 1 3 14 
2 1 12 

Jobs (d;) (s;) 
I 3 3 10000 
2 3 3 9800 

3 2 14 3 3 3 6500 
Total processing time 40 

2 1 3 14 Unit Processin_g Cost/hr (cu) 
2 1 10 Source (r) 
3 2 14 Resource (k) I 2 

Total processing time 38 I 200 300 
3 I I 8 2 200 250 

2 3 6 3 200 200 
3 2 8 

Total processing time 22 
The mathematical model was solved using the mixed-integer solver CPLEX. The output from CPLEX is written to a 
text file. A Visual Basic program is used to translate the text file to a Gantt ch~. Figure 4 shows the Gantt chart for 
the example instance under consideration. The total profit is $3800 and the orde~ for items 2 and 3 are accepted. 
The detailed schedule for each item is shown in the figure. Since the cost of using resource I during overtime is 
higher than resources 2 and 3, r ource 1 is not used during the overtime hours. The utilization of each resource can 
be easily computed. The utilization of resources 1, 2, and 3 is 37.5%, 45.83%, and 41.67%, respectively. 

Objective Value = 3 800 Time Period I Time Period 2 Time Period 3 

11111 Resource I ~ Resource 2 · - ~esource 3 

Figure 4: Gantt chart for the example problem . . .. 
S · ( ·t 4 d 5) become available at the end of the first tlille penod. The decision maker uppose two new items say 1 ems an h lread b d t 
would like to know whether or not to accept these orders as some of ~e resources . ave a y een ~eserve. ~ 

d s:. • 2 d 3 at the begmn· ing of the first time penod. Table 3 gives the data associated With items 
process or ers 1or items an . . • 4 h d th t tal profit 
4 and 5. When the mathematical model was solved with the new mfonnation, item was c osen an e o 
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increases to $8800 . . The model recommends to select item 4 and not to select item 5. The.Gantt chart for the new 
schedule is shown in Figure 5. 

Table 3: Data for Items 4 and 5 

Resource 
Process 

Item# Job# Time 
# 

(p;;1c) 
Item# 

#of Due Selling 
Jobs Date (d;) Price (s;) 

· 4 1 1 12 4 2 4 5800 

2 3 14 5 3 4 6200 

Total processing time 26 

5 1 3 10 

2 2 ~ 
3 1 10 

Total processing time 28 

Time Period l Time Period 2 Time Period 3 Time Period 4 

- Resource 1 ~ Resource 2 - Resource 3 

Figure 5: Gantt chart for the example problem run at the end of time period 1 

Another interesting illustration is the analysis of the effect of the change in the overtime cost with respect to the 
· regular time cost. F~ur items were assumed to be available at the beginning of the planning horizon. Other item 
specific information is given in Table 4. The processing times of the jobs · were randomly generated from a discrete 
uniform distribution [3, 12]. The unit cost of all the resources was considered the same and the ratio of the unit cost 
of the resource in regular time to unit cost of the resource in overtime was varied. The different ratios under which 
the experiment was run were 1: 1, 1: 1.2, 1: 1.5 and 1 :2. The planning horizon was assumed to be five time periods. 

In this experiment, the combined regular time and over time hours available is more than the time required to 
complete all the orders. Consequently, when the ratio was 1:1, the orders for all the items were accepted. The results 
obtained for the various cost structure considered are summarized in Figure 6. Even when the ratio was 1: 1.2, the 
orders for all the items were accepted. However, the profit reduced due to the additional cost incurred for processing 
some items during the over time (see Figure 7). It can be seen that with the increase in the overtime cost, the number 
of hours the resources are allocated in overtime is reduced. At a certain point the increase in overtime cost was so 
high that it prohibited accepting orders for some items. For example, when the ratio was 1:1.5, item 1 was not 
selected. When the ratio was further increased to 1 :2, item 4 was not selected. Figure 7 shows how the profit reduced 
as the cost of the resources during over time increased. 
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: ata eeneration (2 1 

Item# No. of Jobs Due-date Selling Price 
-

(.I;) (d;) (s;) I 3 4 3375 2 4 4 3335 3 3 5 2990 4 5 5 4750 

Table4 D 

-

"'O 14 7 
~ .... Item I not selected 

12 CIS u 
0 ~ 

- CJ 10 < 
- 'I,, 

CIS = 
(I) 0 

R I. Ill = ~ 

l Item 4 not selected 

......... ! 
~ OverTime 

0 L. 
.c .c 6 
.... CJ 
o as 

4 ... ~ 
O Regular Time 

~ C: 
.Q ·- 2 e 
::s 

0 z 
1:1 1 :1.2 1:1.5 1:2 
Ratio of regular time to over time cost 

Figure 6: Comparing resource allocation under different cost structures 

3000 7 

2500 I 

~ 
l 

2000 J 
.... 
-= 1500 ~ 0 
a.. c.. 

1000 1 

500 .J 

0 
II !/11111 

1:1 1:1.2 1:1.5 1:2 

Ratio of regular time cost to overtime cost 

Figure 7: Profit for different cost structure 

In practice, managers would generally accept an order whenever the capacity is available to fulfill an order. By 
adopting this policy, the utilization of the resources is maximized. The next set of experiment is to show that this 
policy may not be profitable. In addition, by committing all the resources available in the current time period, the 
more profitable orders which may arise in the future may not be accepted due to lack of capacity. When the cost 
ratio was 1:1.5, item l was not selected. Suppose the manager decides to accept the orders for all the items (note the 
regular time +over time capacity available is more than the demand), the profit reduces to $1450. When the cost 
ratio was l :2, item 4 was not selected. But when the manager accepts all the orders, the profit reduces to $450. 
These experiments clearly indicate that even when the available capacity is more than the demand, the cost incurred 
to operate the resources during the over time may prohibit accepting all the orders. Figure 8 shows the reduction in 
profit when the orders for a11 the items were accepted. These experiments clearly indicate the usefulness of the 
model proposed. Without the model, the decision maker would incline to accept orders based on the residual 
resource capacity alone. 
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1800 

1400 . 
□ Optimum 

-- ~ - 1000 
e::: 
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H~ 

llli!i! 
!} Ii 
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200 
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1:1.S 1:2 

Ratio of regular time cost to over time cost 

Figure 8: Effect of order acceptance on the objective function . 

CONCLUSIONS 
MTO operations constantly face the challenges of pricing for a bid and meeting the due date when a bid is accepted. 
Both challenges are closely tied to capacity requirement. This paper addresses the short-term capacity-planning 
problem in an MTO operation environment and presents a mathematical formulation for this problem. This problem 
considers maximizing the operational profit by choosing .the best order mix, while meeting their due dates with 
available resources over a planning horizon. It assumes that the operation does not have to accept all orders and no 
late delivery is acceptable. It considers technical precedence betweenjobs of an order. The model was solved using_ 
the mixed-integer ·program solver CPLEX for the primary purpose of model validation. Several examples were used 
to demonstrate the wo~king of the mod(?l and how it can benefit a manager iri an MTO environment. 

This model considers overtime as additional resource for a variable cost. However, it does not consider outsourcing, 
which is vital to most MTO operations. The computational experience shows the commercial system can only solve · 
the proposed capacity-planning model for small problems. More efficient algorithms are needed for solving 
problems of industrial scale. 
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A NEURAL NETWORK ANALYSIS OF WIRE EDM 
EFFECT ON WORKPIECE SURF- CUTTING PARAMETERS AND THERMAL 

ACE LAYERS IN MANUFACTURING 

Jaines Muritu Ngeru and S. Keith Hargrove 
Morgan State University 

Thi . . l ABSTRACT 
s P~OJect ~vo ved an ~vestigation and study of the complex relationship ofWire-EDM machining parameters 

(machine~~g spee_cI, dt~charge voltage and pulse-On time) and the size of the thermally affected surface layers 
on a mac. ~ workpi~ce, _ow ~n st_eel, AISI4340. A neural network approach was used to compare the results 
of the statistical analysts with the obJective to further improve the prediction of optimum machining parameters. 

· INTRODUCTION 
Electro-discharge_machining (EDM) is among the earliest, most widely recognized and used non-traditional material 
removal pr~ss, _m. Indus~. Alth~u~ the process is considered a 'non-traditional' machining process, EDM has 
been ~placmg drilhng, mtlhng, ~dmg and other traditional machining operations throughout the world [1]. EDM 
macm_nes are well developed a_nd w1?ely used in addition to offering particular advantage to difficult-to-machine 
matenals and com~lex three-d1Illens1_onal shapes. The application of computer numerical control (CNC), tracing 
heads an~_electroruc contr~ls to mampulate the discharge keeps the EDM in the forefront of the commercially usable 
non-~tional ~anufacturing ~rocesses. This process maybe one of the best, or the only alternative for machining 
an ever-mcreasmg number ofhtgh strength, non-corrosion and wear resistant materials [1, 2). 

The EDM process provides good accuracy and repeatabi1ity, but this comes with trade-off of very low material 
removal accompanied by thennal damage of the machined surface due to high heat generated during discharge 
pulses. The difficulties arise with respect to the control of surface finish, the corrosion of the material during 
machining and the influence that the machining parameters may have on the final properties such as strength and 
wear resistant [3]. There is a need for understanding the relationship between compositions, microstructure, 
processing route, wear behavior and performance, so as to optimally use engineered materials in tribological 
applications [4]. 

Surface quality damage due to machining operation is directly related to the amount of energy used to remove the 
material. The main factors that influence machining in EDM are the spark gap, the electrical parameters like pulse 
frequency, current and voltage, the material properties of tool electrode, work-piece and dielectric fluid properties 
like melting point, thennal·conductivity and specific heat [I, 3]. The affected layer thickness and the amount of 
microstructure change on EDM ma hined surfaces determine the resultant surface quality [2]. Previous works on 
subsurface layers show changes in the metallurgical structure and also in the chemical composition. In most cases, 
this causes an increase in hardness of the layers immediately adjacent to the surface. The change is mainly caused by 
rapid heating and cooling of the metal surface and the chemical changes due to the absorption of carbon from the 
dielectric fluid. Some of the researchers observed the metallurgical changes due to electrode-materials [7, 8). 

Knowing that detrimental effects exists on the EDM ma~hined part, there is_ nee? to establi~h the extent to which the 
machine process parameters have an effect on the machined surface, and estabhsh appropnate values of these 
parameters to reduce the effects. 

The objective of this project is to characterize the effects of these mac~ine_input p~eters, analyze them and 
establish a model that can appropriately predict the value levels that will give the mlDlillum thermal!y affected layers 
on a workpiece using Analysis of Variance (ANOVA) and Artificial neural Network (ANN) Modeling. 

Wire EDM and Workpiece Surface Layers . . . . . . . . . . 
In the wire EDM, the electrode is a traveling metal wrre, which 1s usually brass. The ?•electric flmd 1s de-1omzed 
water. The voltage depends on the wire diameter and the modified surface layer co~sISts of a heat-affected zone and 
a recast layer. The violent nature of electrical discharge machine process lea~ a umque structure on the sw:ra~es of 
th hined arts Pr · search experimental observations revealed mamly two thermally affected, distinct e mac p . ev1ous re . 1 • 1 d am· 1 th t 
l f · 1 kn th h't layer and the heat affected zone. The white ayer mc u es some p c es a ayers o matena s own as e w 1 e . . (HAZ) 1-re-solidified during the process and cannot be flushed away by dielectric flutd. The heat effected rone 1es 
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below the white layer structure. It is partly affected by carbon drawn by the dielectric and the stress induces by the 
process. It retains some structural properties of the original material. Unaffected material lies just below this :zone. 

The thickness of the modified surface layer depends on the EDM parame~ers. Standard wire-EDM and conventional 
finishing EDM result in a surface layer 2-20 µm thick and rough and quick conventional EDM results in surface 
· 1ayers_ 20 - 200µm [11 ]. Thermally affected layers can be observed in the machined sample, under an electron 
microscope, as shown by Figure 1 below. 

Figure 1: Showing surface layers as a result of EDM machining [xi 00] 

The stochastic thermal nature of wire EDM process makes it difficult to explain all the effects of electrical 
parameters. Besides electrical parameters, non-electrical parameters also play a critical role in deliv~ring optimal 
performance ·measures. 

EXPERIMENTS 
The firstphase of the experiments involved cutting triangular pieces from a round steel metal stock, AISI 4330. 
Seventy two of the first pieces were cut using 2232 factorial design and the rest of pieces were cut ·following no any _ 
d~sign, but within the specified range of parameters, using wire electro-discharge machine, in Lab 104, · 
Manufacturing Lab, at Morgan state University. For each set of parameters; a sample specimen was cut and then 
analyzed under an electron scan microscope. Four parameters that were varied included machine speed, pulse ·· 
frequency, dielectric-flushing pres~ure, and machine no-load voltage. Table 1 below shows the cutting parameters 
values used for the factorial design. Other machine factors, were kept constant, which included, machine cutting 
mode, cutting Voltage (5V); Pulse off-time (30µs), servo-voltage (IOV), wire tension (1700g), wire feed rate 
(9m/min), and dielectric fluid resistivity (5 xl04fl.cm). The values and range of the parameters were selected from 
the ·machine tool catalogue in accordance with the selected material and dimensions of the workpiece. The varied·· 
parameters are chosen since they are expected to have an effect on the surface of the work-piece and the size of the · 
.thermally affected surface layers, as identified from previous studies. In this project, the part dimension was 
assumed not to be affected by varying the machine parameters. 

Table 1: Experimental Design 

Level 
- Control 1 2 3 
Dielectric Flushing Pressure 9 12 --
Machine cutting speed (mm/min) 0.03 1.5 --
Pulse Frequency (On-Time) (us) 7 10 13 
No Load Voltage (V) 2 4 7 

To ensure consistency, throughout the series of tests, parts of the identical dimensions and shape were cut under 
each set of param~ters. All the work-piece parts were cut from a similar metal stock, which was a measure to try to 
ensure that all the work-piece parts had uniform material properties. Setting up the experiment was all-similar, and 
thus reduced significant effects from treatments. From a round steel AISI4330 metal stock, cylindrical blocks of 0.4 
inches thick and 2 inches diameter were cut using a wire EDM machine, as shown in Figure 2 . From these blocks, 
eight small triangular shapes were cut using a different set of machine parameters. 
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Figure 2 Round stock and resulting samples 

Setting procedures were ensured to be similar for all blocks. To eliminate any effects of the machining process, the 
initial machined surface (resulting from the cutting the round metal stock into several cylindrical blocks) of the 
samples were roughly grinded to a substantial depth to eliminate any surface layer that could have formed during the 
initial machining process. 

The numerical computer (NC) program was written on a personal computer and uploaded to the wire EDM machine. 
The program was similar for all blocks. The surface perpendicular to the machined surface of the cut work-pieces 
was analyzed under the metallographic image analyzer to observe the size of the affected subsurface layers, which 
was measured for every sample cut under different setting parameters. For Metallographic examination, sample 
specimens were first prepared by grinding and polishing until a mirror like surface was obtained so that the structure 
and the size of these layers can be observed clearly and accurately. 

These samples were mounted in EPOMET mounting compound and ground to 320 grit, as shown in Figure 3. 
These samples were thoroughly ground to a substantial depth to eliminate th~ surface layer that was formed while 
cutting the round stock to small cylindrical blocks. 

Figure 3: Mounted, grounded_and polished sam_ples ready analysis under microscope 

Th th I. h d · 9µm, 3µm and o 05 µm diaqiond suspensions, on polishing cloths. This minimized 
ese were en po 1s e usmg · d I Th t tal th. kn f th 

edge roundness and enabled the surface layer to be observable and measure . accurate y. e o tc ess o _e 
surface layer was measured from the highest_ point on the surface to b~tto~ of the heat-affected zone, as shown m 

Figure 4 and Figure 5, under Metallographic image an~lyzer at magmficat1on of 1 OOX 

The results were all recorded and analyzed using statistical methods, where ANOV A was done to identify the 

significant factors that have an effect on the output factor. 
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Figure 4: Different surface layers measureme_nt and as observed under meta/lographic image analyzer [xJOOJ , 

ANALYSIS 
Measurements made from the Metallographic microscope were recorded, and ANOV A performed, as shown in 
Table 2 below, using SPSS software to statistically establish significant process pcµ-ameters and their percent 
contribution to the size of affected sub-surface. layers. 

Table 2: ANOVA Table 

· tests of Between-:Subjects Effects 

Dependent Variable: Affected Layers Size 

Type Ill Sum of Mean 
Source Squares df Square 
Corrected Model 449.6688 19 23.667 

Intercept 7584.668 1 7584.668 

Dielectric pressure (A) 11 .742 1 11.742 
Machine Cutting Speed ·(B) 9.000E-04 1 9.000E-04 
Discharge Pulse Duration (C) . 250.968 2 125.484 
No Load Voltage (D) 172.801 .. 2 86.401 

A*B 1.111E-03 1 1.111E-03 

A*C 5.142 2 2.571 
A*.D 1.562 2 .781 

B*C .1n 2 8.851E-02 
B*D , .103 2 5.130E-02 
C*D 7.171 4 1.793 
Error .931 16 · .5.817E-02 

Total 8035.267 36 
Corrected Total 450.599 35 

a. ·R Squared= .998 (Adjusted R Squared= .995) 

F Sig. 
406.827 .000 

130379.1 .000 

201.844 .000 
.015 .903 

2157.047 .000 
1485.210 .000 

.019 .892 

44.191 :ooo 
13.429 .000 

1.521 .248 

.882 .433 

30.819 .000 

The estimated marginal means of thermally affected surface layers were also plotted ·against the significant 
parameters, as shown in Figure 5 below. 
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Figure 5: Effects of Dielectric flushing pressure, Pulse Duration and No-Load Voltage on Affected Surface layer 
size 

RESULTS . 
As obs~n:ed from th_e results, wire EDM machining thermally affects the surface layer. It can be clearly noted from 
the stati_stical analysis (~NOVA) of the result that dielectric flushing pressure, No load voltage and pulse on-time 
greatly mfluences the stze of the these thermally affected layers. Machine cutting speed had no significance on these 
layers. This is indicated by the significance value in the ANOV A table, where a value close to zero indicates 
signi?cance and value close to one indicates no significance. The p value ( observed significance level) for dielectric 
flushing pressure, pulse on•time duration and No load Voltage are less than 0.05, and thus can conclude they are 
significant at a significance level of a= 0.05 

As shown in Figure 1, four zones were observed under the imager analyzer, which were, white surface layer, heat 
affected zone and unaffected parent metal. White layer zone is the layer of the metal that is regarded as having been 
molten during machining process and rapidly solidifying. This rapid heating and cooling process causes a very 
brittle surface, which is as a result of how quickly the cop ling occurred and the changes that took place in the 
structure of the material. This zone is chemically altered, is rich in carbon (especially if the dielectric fluid used is 
kerosene) and may also contain some electrode material. Beneath this layer (white layer) is an area, which was 
heated and cooled more slowly, and created an annealed area, softer than the parent material, referred to as the heat
affected zone. HAZ is the parent material that has been structurally altered by the beat during EDM Machining and 
consequently either over-tempered or re-hardened or both. Also the "surface finish" zone was observed, this is the 
zone containing debris and molten metal that was not flushed away by the dielectric flushing pressure. This zone has 
also been referred in previous researches as recast layer. Recast layer is nothing more than eroded particles, which 
cooled too quickly to escape the gap, and were recast to the material. This layer can be readily be removed by 
polishing or low-pressure glass bead blasting. This zone greatly determines the surface roughness of the workpiece, 
as the siz.e of crater, fonned through recasting of eroded material on the surface is what determines the value of 
swface roughness. 

It can be argued that the damage done to the workpiece is directly proportional to the heat generated by a particular 
cut, where the heat generated depends on some of the machine parameters b~t especially the c~ent. The depth of 
the affected layer and the amount of micro structural changes on EDM machined surface determmes the resultant 
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surface quality. As it had been previously identified, the surface integrity of the component ·wilt depend on its 
conf~nnity to tolerance, its surface finish and metallurgical characteristics of the surface. It is therefore a normal 
tradition for EDM users to polish these affected surfaces· after machining and therefore the amount of polishing 
necessary is important both from cost and performance view points. 

From literature survey, the thermal effect of spark erosion is a function of energy, which depends and varies greatly 
with values of pulse frequency, machining voltage and current (2]. The dielectric fluid insulates the gap before a 
large amount of energy is accumulated and concentrates the discharge energy to a small area; recover a desired gap 
condition after the discharge by cooling the gap and de-ionizing it, and flushing. away the debris of the workpiece 
th~t was removed by the spark discharges. Thus, it has also an effect on the surface quality. As seen from Figure 5, 
the size of the affected layers decreases with increase of the flushing pressure. The· size of these layers increases 
with increase in Pulse on duration and No load voltage. No load voltage is basically the discharge voltage, and 
together with pulse on time and current determines the amount of energy for the spark, as previously noted. 

MODEL.DEVELOPMENT 

Regression Analysis (Mathematical Modeling) 
Regression analysis is a method usually used to obtain a mathematical relation between input parameters and output 
factors. In this project, mathematical relations between the varied parameter and the size of affected layer were 
established by both linear and non-linear regression methods. Tosun, Cogun and Inan, 2003 showed that surface 
roughness increases with pulse energy, where pulse energy is a function of discharge current, discharge voltage and 
discharge pulse duration. This sarn_e relation is observed in.this study, where increase in pulse duration and No load 
voltage (Which is the voltage that builds erosion spark - Discharge voltage) increases the size of the thermally 
affected layer. Flushing pressure also has a significant effect on these layers, the lower the value of flushing 
pressure, the bigger and the size of affected layers. Too much flushing pressure is also not desirable, as it increases· 
surface roughness by er<~ding the workpi~ce surface. · 

For Linear Regression first order Model, using the significant factors: 
!he total affected layer e can be expressed as: 

e = P1+ P:z.a +p3-c + p.,.d + e (5.1) 

Where p1p2,p3,p4 are constants, a= dielectric flushing pressure, c = discharge pulse duration and d = No 
Load Voltage, e = Total Surface affected layer.and e is error term. 

The values of the .constants is found using the SPSS statistical software, resulting to 

· e = -4.238- 0.203.a + 1.626.c + 1.059.d 

If= 0.873 

Adding the interaction 
· e = p,+ P2.a +p3.c + p4.d +p4.c.d+e 

(5.2) 

e = -11.836 - 0.019.a + 2.459.c +2.222.d - 0.026 a.c + 0.0167a.d - 0.133 (5.3) 

With If= 0. 889 
The correlation coefficient can be further improved by considering the non-linear effects of the factors. 

For non-linear 
By manipulating the regression inputs, the following non-linear resulted: 

e=p1+ P:z.a +p3-c +p.,.d+,!1 + dl2 

equating the values from SPSS 

e = -1.675-0.002 .a+ 0.3973.c + 0.3118.d + c 0
·
4756 + d 0

-
04067 

If= .9389 
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The non linear model has a better correlation coefficient, which indicates the suitability of the used function and the 
correctness of calculated constants. 

Model Development Using Neural Network 
Artificial neural network models can model data whose functional relationships that are not known. From the 
statisti~ analysis, it h~ been o?served that the relationship between thermal effect and the input parameters can be 
approxnnated better usmg non-hnear model. Therefore, a neural network model with nonlinear activation function 
will approximate the relationship more accurately than linear. For this study, a sigmoid activation function, shown 
below as equation 5, was used as the activation function. From Analysis of Variance, significant factors were 
identifi~ and therefore, these identified factors (dielectric flushing pressure (a), No load voltage (c) and pulse on
time (d)), were used in development of the neural network model, as the inputs. Determination of significant input 
variables is an important step in artificial neural network development process, which was provided by ANOV A. 
Extraneous inputs make the training process more difficult and also mean more data are required to efficiently 
optimize the ANN' s coll(lection weight. 

(5.5) 

Using Artificial Neural network software 'bpappl8', developed by Dr.Sincero, Morgan State University, the model 
was trained using the data that was obtained from the experiments that were performed without following factorial 
set-up. The network was trained following heuristic backpropagation alg?rithm where the le~g ra~e/momentum 
value automatically adjusts as training progresses. The incremental learmng approach was apphed, with ~ tolerance 
value of0.002, and three layered network architecture was used as shown in Figure 6 bel~w, whic? consisted of 
three inputs nodes, three nodes in hidden layer and one output node. It is a common practice to ~m ANN s on a 
normalized data rather than raw data. For this study input variables (a, band c) and the output vanable (e) were 
divided by their respective largest values in the training data set such that all ~ariables in the normalized data range 
from Oto 1 
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Figure 6 Artificial Neural Network Model Structure 

. . oints that were not used in training, which for this case t~e 
The trained network model was vahdated usmg data P ared with predicted data by regression analysis and 
data used in Statistical analysis. The actual data output was comp 
neural network model. 
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. Table 3: Showing Actua_l data and data predicted from neural network modeling and regression analysis 

Data Actual 
Predicted Predicted by 

Data Actual 
Predicted Predicted by 

Point Data 
. ANN Statistical 

Point Data 
by ANN regression 

Model analysis Model model analysis Model 
1 0.344 0~371 0.43438 19 0.363 0.361 0.38978 
2- 0.486 · 0.491 0.53688 20 0.476 0.477 . 0.49228 
3 0.685 0.673 0.67372 21 0.670 0.672 0.62912 
4 0.628 0.626 0.58542 22 0.544 0.539 0.54083 
5 0.729 0.732 0.68792 23 0.634 0.655 "'" 0.64332 

. 6 0;835 0.853 0.82476 24 0.793 0.811 0.78016 
7 0.768 0.773 0.72729 25 0.646 0.658 0.68269 , , 

8 0.829 0.847 .0.82979 26 0.760 0.758 0.78519 
9 0.918 0.921 0.96662 · 27 0.868 0.877 0.92203 
10 0.373 0.371 0.41208 28 0.360 · 0.361 0.36749 
11 0.476 0.491 0.51458 29 0.466 .0.477 0.46998 
12 0.642 0.673 0.65142 30 0.654 0.672 0.60682 
13 Q.625 0.626 0.56312 31 0.532 0.539 0.51853 
14 0.729 0.732 0.66562 ' 32 0.650 0.655 . 0.62103 
15 0.835 0.853 0.80246 33 0.824 0.811 0.75786 
16 0.764 0.773_ _ ·0.10499 34 0.640 0.658 0.66039 
17 0.835 0.847 0.80749 35 0.747 0.758 0.76289 
18 0.910 . 0.921 0.94432 36 0.825 0.877 0.89973 

The actual data was plotted against predicted output, for comparison, and R-squared values were obtained, where the 
value for neural network model is 0.9946 and that of regression model is 0.9389 (equal to the value obtained froin 
SPSS), as shown in Figure 7. 
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Figure 7: Actual Data plotted against predicted data from regression analysis and neural network modeling 

The weights from the trained model were obtained, whose values can be equated in the sigmoid function. 
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Table 4: w; · h e11t, ~s obtained from trainin1t of the Neural Ne 
Weight Value Weight Value 
wO -1.4398 w6 1.8159 
wl -2.2132 w7 0.0383 
w2 0.0706 w8 -0.6071 

tworkmodel 

w3 4.8853 w9 -49.5011 
w4 -0.4208 wlO 25.5390 
w5 -0.6969 wll -27.5067 

The sigmoid activation function can be expressed as shown b 1 . eow 

1 

e = -{w9( I a .wo+~.wi+d w6 )j wl0( I d )J wl 1( l )] 1 + e . +e . F\.. l+ea.w1+c.w4+ .w1 'l l+ea.w2+c.ws+d.w8 
(5.6) 

Eq~g the values of weights obtained after training neural network model the resulting equation is a shown in 
equation 6 below, ' 

1 
e= 

[( 
49.5011 )-{ 25 .5390 ) ( 27 5067 )] 

1 + e l+e(l.4398a-4.8853c-l.8159d) l+/2.2132a+0.4208c-0.038d) + l+e-(0.0706a~0.6969c-0.607ld) 
(5.7) 

Equation I: Resulting from substituting weights from trained networks to sigmoid function 

Neural Network models have greater capability of prediction of such unknown functional relationship as compared 
to statistical regression analysis. This phenomenon is clearly shown by comparing the value R-squared, where the 
value obtained by neural network modeling was 0.9946 and that obtained by regression analysis was 0.9389. R
squared is a statistical measure of how well a regression line approximates real data points. The larger the R-square, 
the better the model is at predicting the response variable 

CONCLUSION 
Surface quality damage due to machine operations is directly related to the amount of energy used to remove the 
material. The main factors, which influences machining in Wire-EDM includes: electrical parameters and dielectric 
fluid. Due the nature of wire EDM machine, which is a spark erosion process, there is modification of surface layers 
structure, which is unfortunate phenomenon and is considered a serious flaw in workpiece which reduces the 
longevity of the part useful life and material strength. Such phenomenon can be observed in high strength steel 
metals such as AISI 4330, which is commonly used in aerospace structures, that requires strength and materials free 
of flaw. 

As observed from the results, high values of pulse duration, no load voltage', increase the depth of affected layer 
while a high value of dielectric flushing pressure, redu~es the size. Therefore, low values of pulse duration and no 
load voltage and high value of dielectric flushing pressure will result to minimum thermal surface effect. 

With Models established, the values that will give minimum thermal layer effect can be predicted. 
Artificial neural network modeling has a better capability in predicting unknown functional relationship between 
input and output, in which Wire EDM mac~ing processes falls under this category 
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ANALYSIS OF FORECASTED CAPACITY UTILIZATION IN A SIMULATED ENVIRONMENT 
OF AN OUTPATIENT PHARMACY 

Lawrence Pitcher, Michael Kruse, John Knapp 
Western Michigan University 

ABSTRACT 
~ paper explores a Southwest~m ~ichi_gan Hospital's Outpatient Pharmacy and uses work design and simulation 
to unp~ove the workflow and mamtam satisfactory customer wait times during levels of increasing demand. Several 
scenano~ were analy~d ~d used to formulate recommendations that would result in an increase in total capacity 
through unproved utiltzation of current resources. Exploratory tools were used to uncover the items that were 
adversely affecting productivity, efficiency, and customer wait time. 

INTRODUCTION 
Hospitals nation-wide are beginning to experience an unparalleled surge in patients as the baby boomer generation 
continues to age. As a result, the resources available are being stretched increasingly thin and are near the breaking 
point. The urgency for increasing productivity and reducing waste in the geriatric medical services field is of 
unprecedented importance. The outpatient pharmacy at a Southwestern Michigan Hospital has experienced a 36.5% 
increase in volume in the last 3 years with an increase of 12% in the past year. The prescription volume has grown 
from 88,000 prescriptions in 2004 to 99,000 prescriptions in 2005. The increase in volume is making it increasingly 
challenging for the staff to maintain efficiency and productivity while filling orders and servicing customers. 

Management of the pharmacy has requested the aid of WMU engineering students to analyze their business 
processes and suggest recommendations to improve productivity and increase capacity while utilizing the current 
resources. Through the use of work design and simulation this paper describes the details of each of the methods 
and procedures perfonned in the analysis of the pharmacy's operations. Then, the results and discussion section 
reveals several of the conclusions drawn from each of the analysis tools util~d. Finally, recommendations and 
conclusions are offered based on the results of the study. 

EXPLORATORY TOOLS 
Various methods and procedures were utilized to analyze the current system at the hospital's pharmacy. First, 
exploratory tools were useful in the data collection portion of this project. Then, engineering analysis tools were 
used to model the workflow and consider alternative recommendations. Some of these tools included management 
interviews, employee questionnaires, facility layout and measurements, descriptive charts, time studies, and 
simulation. 

Layout of Facilities . . . 
The physical space at the hospital' s outpatient pharma~y is limited. The ~harmacy_1s m the ~~me~ of a gift shop 
which makes it difficult for reorganization and expansion. The first step m analyzmg ~e ~tIJtzatl?~ of the ph~acy 
was to acquire an accurate layout. Toe blue prints of the pharmacy were manually copied mto a d1~1tal fo~at usmg 
Microsoft Visio. Toe digital blue prints were then utilize~ in cre~ting pro~ss flow diagrams and sunulation 
graphics. A scaled drawing of the layout of the pharmacy 1s provtded m Figure 1. 

2.2 Flow Process Diagram 

Th fl di c. th harmacy shown in Figure 2 is the overall flow of the prescription orders as they e ow process agram 1or e p , . , . 
work their way through the system. Orders enter the pharmacy by three different methods: 

(1) Customers bring orders to the drop off"Yindow 
(2) orders arrive electronically through phone, fax or email, and . . . . 
(3) orders are sent from doctors within the hospital through a tub mg system (higheSt pnonty ). 
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Rl1Stalion6 

Figure 1: Current layout of pharmacy 

After entering the-pharmacy, the orders enter a buffer, where they wait "in line" to be processed by the next _ 
available staff member. Then, they flow from the order buffer to the computer input station. From·the computer 
inpµt station the orders go to another buffer, and then to the fill station. While at the fill station, the fill technician 
may go to either the stqrage aisles or tht? robot to obtain the required medicines to fill the prescriptions in the order. 
After being filled, orders go to another buffer where they wait for a pharmacist to double-check them for accura~y. 
Finally, the orders go to storage bu:,s where they await being picked up by the cttStomer. The overall flow of the 
orders through the pharmacy follow ·a fairly natural and straight line path with little backtracking. There are only two · 
areas where the orders backtrack through the system, and both of these occur at the fill stations. Also, there were a 
large number of delays (number of times orders are at "buffer'! stations) throughout the system. These buffers/delays 
can be accounted for by the basic concept of queuing theory and the statistical fluctuations of the dependent 
processes. It was decided to analyze these components with simulation modeling. · 

Interviews 

j! 
!/ 

~-

Figure 2: Flow process diagram of pharmacy 

Oolay 

• Storage 

• Ope,atlon 

• Inspection 

Transpor1ation 

Interviews were used to narrow the focus of the project. To develop an adequate focal point within the scope of the 
project, it was important to discover the main issues of the pharmacy. Interviewing the management and distributing 
questionnaires to the employees regarding the pharmacy's operations and policies were used for determining 
available resources, possible challenge areas, and management's expectations. 
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Mana ement Interviews 
The manager proved to be very knowledgeable and sh . . . 
including the volume of its business staffing h ; provi~ed msigh! about the operations of the pharmacy 
consisted of four pharmacists five s~pport s~ffo~ 0 operation and clientele. It was discovered that the staff 
has been a 36.5% growth in ~rescription volum an .:ne ~anager. It was learned that in the past three years there 
Furthermore, the pharmacy utilizes one drop 

0
; w! d an mcrease 0 ~ 11,000 ~rescriptions over the last year. 

prescriptions waiting to be picked-up· and th wf ow, and two pick up wmdows; there are baskets used to hold 
200 different medications while II 'th e emp oyees use an automated or robotic pill counter and dispenser for 

' a O ers are filled manually. 

The manager also identified areas where she believed th · 
concern included inadequate floor space for e;e was room for tmprovement. Her principal areas of 
counter/dispenser and disor aniz.ati . th movement_ o workers, the locat10n of the robotic medication 
counteract the r~nt growthg in b . on m _ehin~orthk stat~o~. S~e ~x~ress~d a desire for a more efficient system to 

usmess, wit e eXIsting hnutattons m floor space and number of staff. 

n:;:~s porti~n of the interviews it was also found that none of the employees perform their daily tasks based on 
a 

1 
opera~g procedure (SOP). New employees experience on the job training by following an experienced 

emp oyee aroun or a few days and then they are left to complete their tasks how they see fit. 

Em lo ee uestionnaires 

The e~pl?Y~ questio~air~ f ocus_ed on w~rker fatig~e, the unbal3:11ced distribution of prescription traffic, facility 
space ~tations, orgamz.atton of JO~ functions or duties, and specific work station challenges. With the increased 
P~~p~on volume -~d fixed staf! stze, worker_ ~atigue was identified prior to the survey as a potential cause of 
~hing productiv1ty_and efficiency. In addition to the increased work load, it was found that all workers stood a 
maJonty of the 8 hour shift. So~e workers were standing between 76% and 100% of their shift, and over half of the 
workers reported that they expenenced some foot or leg pain as a result of standing so much. 

1:1~ questionnaire ~ ~as uncle~ as to whether worker productivity or efficiency was adversely affected by the 
limited floor space w1thm the fac1hty. Workers were evenly divided on whelp.er they felt the facility itself, either in 
floor space or layout, limited productivity. . 

The questionnaire's major focus was on the unbalanced distribution of customer traffic and prescription orders 
throughout the day, causing work clusters (periods when there are many orders in a short time span). The number of 
prescriptions received daily w evaluated, along with their distribution throughout the day in two hour blocks of 
time. This allowed for creation of work flow diagrams to evaluate where high volume clusters were most prevalent. 
The survey confirmed that-the period of highest customer traffic, or volume of prescription orders, was between 4:00 
and6:00 pm. 

Finally, there were a number ofnotable responses in evaluating work station challenges. The work stations were 
identified as the drop-off window, computer input statjon, the prescriptions-fill area, prescriptions double-check 
area, and ending with the pick-up window. The principal challenges identified for both the drop-off and the pick-up 
window(s) appeared to center around customer interactions. At the drop-off window, waiting on customers who 
come to the window disorganized or unprepared was identified as the leading challenge. With the pick-up window, 
the principal challenges that emerged from the survey data were customer complaints; waiting on customers who 
were not prepared to pick up or pay for their orders; an~ customers returning early or before a prescription order 
could be completed. 

At the remaining stations, the major challenges appeared related to the increased vo~~e of prescription orders being 
filled. The survey responses reported prescriptions and order backup~ as the most sigruficant challe~ge_presented at 
the prescription filling station. At the "dou~le-check" station, the maJor challenge w~ the order bemg mcomplete or 
inaccurate. Finally, at the computer input station presc~ption backups as ~ell as havmg too many new customers 
needing to be added into the system were identified by the survey as the prtmary challenges. 

Cause and Effect Diagram . . . 
Based on the answers provided to the employee questionnaires, the mformati~n gamed from the management 
interview, and data collected from personal observa~ons, a ~ause ~d ef!ect _diagram was developed to_ analyze the 
causes of lengthening order processing times. This diagram 1s provided m Figure 3. There were many items 
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identified as causes of the extended order processing times, and each cause is important to consider. The majority of 
the causes are related to the ·methods currently being used to process orders which include an operating procedure 
that has not been standardized. The other items causing order delays that fall within the scope of this project include 
the human and machine issues. · 

Self-Pac«t 

Flow Chart 

Figure 3: Cause and effect diagram 

Ordan.,.noc 
complete for 
customers 

Fatigue 

The flow process diagram provided a "big-picture" of the work flow. However, in order to get a better . 
understanding of the details surrounding the work flow paths, basic flow charts were developed. Titled "Entity Flow 
Charts" in Figure 4.1 & 4.2, these charts describe the path logic and operations performed on or by each "entity" in 
the system. · 

The entities at the pharmacy that were examined include Priority Customers with orders, Priority Orders, Priority 
Customers, (Non-Priority) Customers with orders, (Non-Priority) Customer Orders, and (Non-Priority) Customers. 
Each order that enters the system is generated by either a priprity customer or a non-priority customer. Priority 
customers are those who have decided to wait for their orders, and non-priority customers are those who choose tQ. 
come back the next day to pick up their orders. Afte~ the order is generated, the customer arid order are separated; 
the order flows through the pharmacy and the customer leaves the system until ready to pick up the finished order. 
A special characteristic of the flow charts that proved to be beneficial in analyzing the system is the visualization of 

. different paths that entities may take based on a decision making process. 

In this pharmacy, prescriptions enter the system through several different methods, they are processed by priority 
rather than first-in-first-out (FIFO), they are handled by 4 to 5 different staff members based on availability, and 

· they undergo vario~ operations throughout the system. In order to get an understanding as to the logic behind the 
work flow, a basic flow chart for each prescription type was created. The flow chart was built by examining the 
operations at the pharmacy and asking several questions of the work-staff and management to ensure accuracy. 

Time Studies 
At this hospital's outpatient pharmacy, there is no historical data explicitly stating the amount of time required for 
each operation in filling customer prescription orders, but this information is essential in understanding the current 
system, modeling the simulation accurately, and measuring the success ofrecommendati_ons. · 

Orders at the pharmacy flow through a series of operations during processing. Each task was considered as a 
separate element in the process of filling an order. Once these elements were clearly determined, the time required 
to perform each task was measured with a stopwatch. Next a standard time was determined based on a personal, 
fatigue, and delay percentage estimated at 15%. This was arrived at by using the industrial engineering industry 
standard. 

At the drop off and pick up windows, the customer and order processing time was measured; only the order 
processing time was measured at the other stations. The stations considered include the customer/order drop off: 
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computer input, filling, pharmacist check, and customer/order pick up. Sample sizes ranging from 71 to 134 were 
recorded at each processing station, and the mean and standard deviation were calculated for each data set. These 
values were used to determine the required sample size, using the standard normal distribution, to be 95% confident 
and 5% accurate that the processing time for each station was as indicated. 

In order to meet the desired confidence intervals for the standard times within the time constraints of the project and 
to provide management with a better approximation of current processing times and variation, several methods were 
adopted to better analyze the data. These methods include lognormal to normal transformations using the Cox 
Method to generate confidence intervals, bootstrapping via random re-sampling within Excel, and bootstrapping via 
Crystal Ball's built in functions (Higgins, Keller-McNulty, 1994). Bootstrapping generated the required number of 
processing times by uniformly re-sampling the times from the known set of data for .each element. Due to the high 
degree of variability observed in the processes during the time study and the complexity of the pharmacy, simulation 
was used to model the current system and forecast its future behavior based on various experimental 
recommendations. 
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Figure 4.1: Non-priority customer entity flow chart 
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ANALYSIS TOOLS 
The simulation software ProModel was used to simulate the operations at the pharmacy. One of the most beneficial 
aspects of applying simulating to the system is the ease at which recommendations can be tested. The basic steps in 
building a simulation model include gathering accurate data, verifying that the model functions as desired, and 
validating the model against the actual system. 

Data Preparation 
Ten weeks of historical data was analyzed to determine current system throughput and customer arrival cycles. This 
information was used to create the simulation using ProModel. Once the model had been developed and verified, it 
became much easier to observe all of the complex operations collectively and begin to make conclusions and test 
hypotheses. 

Verification and Validation of Simulation 
The simulation for the pharmacy modeled a two week period of operations based on current procedures and demand. 
After the model was built based on collected data, the model was verified by watching the animation and tracing the 
logical sequence of events to make sure the system behaved appropriately. Furthermore, the simulation was run 
several times and the output data was statistically compared to the data from the real-world pharmacy. After the 
model was validated against the actual system, various experiments were modeled in the simulation and the outputs 
were analyzed to determine recommendations. 
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Developing Scenarios 
Simulating the entire system of operations at the outpatient pharmacy provided a great deal of information on the 
performance of the current system and the affects of various recommendations. After the model was verified and 
validated, various experiments were designed and tested with the simulation. The results of these experimental 
simulations were analyzed for statistical significance. 

Two models based on projected demand for the next four years were created and run at various levels of process 
variability ranging from 10% to 50% below the current values using 10% increments. These two scenarios 
consisted of the normal configuration and a configuration using a late night pickup window that would stay open for 
two hours longer than the current business hours. During the course of the four year simulation, demand was 
elevated at the forecasted increase of 12.% per year. Implementing SOPs for the ph~acy would inherently reduce 
the process variability to some extent. One purpose of the experiments was to observe the impact reduced process 
variability would have on the entities and resources of the system. A second purpose of the experiments was to 
determine the effect increasing demand would have on the model and to determine the capacity constraints of the 
system. Finally, the experiments were used to show how the system would be affected if more time were allowed 
each day to prpcess and distribute prescriptions through a late night pickup window. 

Once the scenarios were created, the replications were run 20 times in order to reach a 95% confidence level with 
5% accuracy. Then, the data was collected, compiled, and analyzed. This resulted in a wealth of information that is 
summarized and presented in the Results and Recommendations section (Harreli Ghosh, Bowden, 2003). 

RESULTS AND RECOMMENDATIONS 
Information obtained from the exploratory tools uncovered the need for a simulated environment in order to 
accurately depict and understand the complex processes taking place in the pharmacy. The flow charts helped in 
clarifying the processes and served as a foundation for the simulation. The cause and effect diagram presented the 
data in a format that highlights and clusters potential problem-causing characteristics of the system. The majority of 
the causes for increasing order fill times stem from the methods and procedures performed throughout the system 
and within each station. The analysis of the data collected through the time studies pointed out large amounts of 
process variation. Observations of the system verified that the causes of the variation _ stemmed both from internal 
and external activities. The random behavior of the customers entering and being processed within the system is a 
primary cause of the external variation. The lack of standard operating procedures and employee training programs 
are sources of internal variation. · Further investigation was conducted with simulation to consider methods of 
reducing internal variation and the affects these methods would have on the system. 

. The simulation of the current operating procedures at the pharmacy was first built, and then several scenarios were 
modeled, analyzed and compared to the original simulation. The different scenarios were built on altering the 
original model in one·oftwo ways: reducing process variability by 10% to 50%in 10% increments and by adding a 
late night pickup window. These scenarios were run for two weeks each while demand was increased 12% per year . 
to represent the increase in demand over the next three years. By doing so, current capacity could be gauged as a 
function of customer wait time, and the point at whic~ the system would become overload~d could be determined. 

The results shown in Figure 5 illustrate the wait times for priority customers during the different scenarios. As 
anticipated, the average wait times increased each year with increasing demand. Also as anticipated, a reduction in 
variability counteracted the increase in wait times and allowed the system to operate normally without adding 
additional resources. The addition of the late night pickup window also had a positive affect on the wait times 
experienced in the system. One very important finding showed that the system became overloaded during year three 
and the number of orders became so large that they could not be processed during normal business hours, even when 
variability could be reduced 50%. Due to this finding, the .only way to continue normal operation of the system · 
through year 3 would be through the addition of more resources. 
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Figure S: Effect of variability on order processing times (95% confidence for the average values of order .processing times) 

Excess capadty was examined by comparing the throughput for each year to the current throughput. The customer 
wait times increases as demand increases; therefore, a maximum target wait time of 25.52 minut-es was used, based 
on the current average time to process a priority prescription. In order to achieve the desired wait time while 
increasing throughput and without adding resources to the system, the variability must be reduced: Table 1 
highlights the reduction in variability that is required to achieve the target wait time with increasing demand. 

Average Process . Change in Amount ofVarianc,e 
Time (min) Throughput Throughput Reduction Required 

Without Late Pickup 25.52 . 1680.96 NIA NIA 
With Late Pickup .. 20.13 1683.43 2.47 0% 

1 Year wlo Late Pickup 22.48 1924.52 243.56 30% 
1 Year with Late Pickup 23.78 1921.75 240.79 10% 

2 Years w/o Late Pickup 23.17 2156.21 475.25 50% 
2 Years with Late Pickup 22.64 2153.83 472.87 40% 

Table 1: Variance reduction required to meet target order processing time 

'.Recommendations 
The conclusions drawn from the analysis of the system lead to many recommendations that could potentially 
increase efficiency, productivity, and customer and staff satisfaction. This section is subdivided into three types of 
recommendations: Id~al Recommendations, Long Term Recommendations, and Short Tenn Recommendations. 
Ideal recommendations include those that are intended to resolve as many issues as .possible that are associated with 
the areas analyzed requiring improvements. Long term recommendations include those that could be implemented 
in the future under different conditions. Short term recommendations include those that are preferred for immediate 
use. 

Ideal Recommendations · 
The most highly stressed recommendation for improving the productivity at the outpatient-pharmacy is to create and 
implement standard .operating procedures (SOPs) for each station involved in processing orders. The work staff 
should then be trained to perform the operations according to the SOPs. The training procedures should then be 
checked for quality by continually testing, or simply inspecting, employee behavior against the SOPs. 
Implementing SOPs and training programs will inherently reduce the internal variability of the pharmacy and lead to 
increased productivity. It is also recommended that the pharmacy implement an employee incentive program to 
ensure the SOP's are correctly followed. 
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The reduction of system variability will increase the amount of excess capacity in the system. This excess capacity 
.will enable the pharmacy to fulfill their increasing demand while maintaining or reducing the prescription 
processing time. Throughput is also increased as demand increases. The ability for the system to produce this extra 
throughput under current or better conditions will produce additional revenue. Currently, the pharmacy experiences 
average revenue of$7.50 for each prescription filled. Table 2 shows the increase ofrevenue each year, under each 
scenario suggested. 

Bi-Monthly 
Change in Increase in Annual Increase 

Throu2hput Throughput Revenue in Revenue 

Without Late Pickup · 1680.96 NIA NIA NIA 
With Late Pickup 1683.43 2.47 $18.53 $444.72 
1 Year wlo Late Pickup 1924.52 243.56 $1,826.70 $43,840.80 
1 Year with Late Pickup 1921.75 240.79 $1,805.93 $43,342.32 
2 Years w/o Late Pickup 2156.21 475.25 $3,564.38 $85,545.12 
2 Years with Late Pickup 2153.83 472.87 $3,546.53 $85,116.72 . 

Table 2: Aggregate increase in revenue 

After the SOPs are in place and the staff is fully trained, time studies should be conducted to determine standard 
times for each operation. Having standard times in place will allow an organization to create better cost analyses on 
their operations and determine whether further improvements can be made. Furthermore, these standard times can 
be used as benchmarks when estimating the affects other improvements may have on the system. Finally, simulation 
models can be validated more accurately against operations performed by standard procedures. Thus, more analysis 
could be performed using simulation modeling and experimentation. 

Long Term Recommendations 
As customer orders increase, the speed at which orders are processed must increase as well to stay competitive and 
ensure customer satisfaction. Automating systems has traditionally been one of the best methods of increasing 
productivity. Fully automating the pharmacy may greatly increase productivity, but it would probably not be cost 
effective at this time. However, gradually increasing the amount of automation within the system should lead to 
reduced variability and increased production. · 

Items that could be automated include: prescription labeling, order filling, pill counting, and order placing/receiving. 
Several pieces of equipment that can meet these needs are currently available on the market. It may be beneficial to 
check with current suppliers to see what options may be available for the pharmacy. · 

The major disadvantage of purchasing new equipment is the cost involved: the expense of purchasing the 
equipment, the expense of creating space and resources for the equipment, and the expense of training staff members 
to use the equipment. Economic justifications such as payback periods and rates of return should be considered prior 
to purchasing equipment. · · · 

Another long term recommendation would be to increase the counter space available to fill prescriptions and process 
orders. The current layout will not allow more than two filling stations at the main counter. If more space was 
provided between the drop off window and pick up window, _or between the counter and the storage aisles, then 
more work stations could be added. Then, it may be beneficial to increase the staff size, add a third pick up window, 
and/or increase hours of operation. Again, these recommendations should undergo further research and analysis. 

Short Term Recommendations 
There are changes that can be done immediately to improve the workflow at the pharmacy and increase capacity 
with the given resources. First, employee fatigue could be reduced by providing sit-stand stools at each location that 
does not currently have a chair. An additional way to reduce employee fatigue is to place more stress mats 
throughout the facility which include the fill station in the break room, the second pick up window, and the 
applicable aisle ways. 
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The current simulation model is a tool that can be continually used and improved upon to aid in the decision making 
process of the pharmacy's management team. Improving the simulation would require more time studies and . 
prograptining, but it could be very beneficial for the pharmacy today and for several years to come. As SOPs are put 
in place and standard times are detennined, the simulation can be modified to grow with the pharmacy to continually 
provide insight to applying_ various recommendations. 

CONCLUSIONS 
The increasing demand expected by the pharmacy has displayed a need for ~hanges to the system. Simulating the 
pharmacy enabled the observation of the system as forecasted several years into the future to determine what needs 
~o be done to ensure demand is met while improving satisfaction through the maintenance of satisfactory customer 
wait times. It was determined that implementing standard operating procedures will reduce variances in operating 
process times. This reduction in variances allows the system to adequately process increasing demand while 
maintaining or improving order processing times. As the pharmacy is able to effectively process an increase of 
orders, they will experience an increase ih revenues. Reducing the variance in the process times by implementing 
SOP's and simultaneously incorporating a late night pickup window will enable the pharmacy to experience this 
increase in revenues without hiring additional staff. Table 3 ·shows the ave~ge annual income for persons working 
various positions in a pharmacy in Southwest Michigan according to Salary.com. 

Position Avera2e Annual Salary 
Pharmacist $105,758 

Technician I $19,036 
Teclinician II $26,940 
Service Clerk $31,278 

Table 3: Annual salaries for pharmacy employees 

The information from Table 2 and Table 3 exhibit the potential cost savings for the pharmacy. Avoiding the 
addition of future resources allows the pharmacy to experience a potential cost savings from $19,036 to $105,758 
annually, not including the cost to implement an SOP and depending on which employee the pharmacy would have 
chosen to hire. · 

The analysis was performed two years into the future because. of the current system resources ability to handle 
increasing demand. After two years,' the pharmacy will have to expand their resources to meet this exceptionally • • 
large increase in demand. This addition of resources may force the facility to relocate or expand. Future simulation 
with exceptional changes to the system such as additional resources and processing stations should be considered to 
determine the optimal reconfiguration of the pharmacy. 

·simulating the operations of the pharmacy has produced significant results. The pharmacy is able to visualize the 
impact of changes to the current system without physically implementing them. Now that the facility and operations · 
are effectively controlled .in a simulated environment, the pharmacy is able to continually change their system and 
·observe their results to sustain or improve customer satisfaction with rapidly increasing demand. 
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EXAMINING THE IMPACT OF ID TECHNOLOGIES ON AIRCRAFT TURNAROUND PROCESSES 

Alan Thome, Dan Barrett, Duncan McFarlane 
University of Cambridge 

INTRODUCTION 
This paper concerns the turnaround of aircraft at commercial airports and the role that RFID can play in improving 
turnaround processes. Such work is part of an on-going effort to improve the efficiency of existing airport facilities~ 
The number of flights per year is increasing rapidly, and the need to minimise costs, improve reliability and deliver 
on-time departures is greater than ever . . During the six months from June to November 2005 the number of 
scheduled departures from the 10 largest UK airports was 380,234 [l]. The average departure delay was 17.4 
minutes, equating to departure delays in the UK ofover 605 hours (25 days) every day. The cost of departure delays 
is a complex issue, but the Met office stated that on average delays cost airlines £50 per minute in 2005 [2]. Using 
this figure, the estimated cost of delays to flights leaving the 10 largest UK airports during 2005 was over £650m. 

During the last eight years the Cambridge UK Auto-ID Lab has been one of seven global labs that has been 
researching and supporting the adoption of networked Radio Frequency Identification (RFID) technology. The 
adoption of this technology is growing quickly and we have seen the biggest uptake within the fast moving 
consumer goods area, with organisations such as Wal*Mart mandating its use to enable greater efficiency within 
their supply chain. Recently, Boeing has indicated that they are adopting this technology to enhance through life 
applications of components on the new 787 Dream liner [3]. This paper discusses some of the initial work carried 
out to examine how RFID can be used improve aircraft turnaround processes. 

BACKGROUND 
In this section we provide some background information relating to the nature of turnaround processes and some of 
the tools which are used to analyse these processes. 

The Aircraft Turnaround Process 
The turnaround of an aircraft comprises the sequence of ground operations required to service the aircraft from the 
time the chocks (rubber blocks to prevent aircraft from moving) are put in front of the wheels after it lands, to the 
time the chocks are removed and the aircraft is ready to leave. Many different organisations are involved in the 
turnaround process making it a complex and often inefficient operation. (Figure 1) 

Ground Handlers . 

ATC lb ~,.. .. Caterers 

-
., .-:. ,,. . ' tr cfJJ ' 
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Figure 1 Organisations involved in an aircraft Turnaround 

There are a number of key tasks carried out during an aircraft turnaround such as loading and unloading passengers 
and baggage, safety and security checks, catering replenishment, cleaning, and the completion of essential post- and 
pre-flight administration. It should .be noted that the servicing arrangements and turnaround tasks vary for different 
aircraft and different operators. The turnaround processes·are typically shared between several organisations and 

· it's essential that they work together effectively to deliver the optimal turnaround. This is further complicated when 
the aircraft is being handled at a remote airport by third party ground handling organisations. 
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Relevant Analysis Tools 
'Qte approach used for analysis in this research work draws heavily on existing tools from the manufacturing domain. 
The fools, which include single-minute exchange of dies, lean manufacturing processes and production 
responsiveness and capability have· been examined and applied to aircraft turnarounds 

. Single-Minute Exchange of Dies (SMED} 
Single-minute exchange of dies (SMED) is a concept that focuses on improving machine setups. It was developed 
by Shingo [4] over a period of about 19 years during the mid to late twenti~th century. Shingo's view is that it is 
necessary to understand why things are done, so that the way they are done· inay be changed for improvement. 

. Shingo defines machine setup operations as being made up of two fundamentally different types: 
· • Internal setup - tasks that can only be performed when a machine has stopped. An example would be the 

removal or exchange of a die or drill bit , 
• External setup - tasks that can be carried out while the machine is in operation. An example being the 

transportation of a new die or drill bit to the machine. 

Shingo came up with techniques for shortening setup times and called the ·concept single-minute exchange of die, or 
SMED [4]. It was hoped that SMED would enable any machine setup to be performed in under ten minutes (hence 
the name single-minute exchange of die). The concepts of SMED can be applied to aircraft turnaround time, where 
an aircraft ~around is seen as a setup operation. Tasks carried out while the plane is on the ground is the internal 
setup, and external setup refers to activities which may be carried out before the plane lands (or.after it takes oft). 

Lean Manufacturing 
Lean manufacturing is ' a philosophy of production that emphasises the minimisation of the amount of resources 
(including time j used in the various activities of the enterprise'. Lean manufacturing involves identifying and 
eliminating non value adding activities and focuses on the start-to-end value streams rather than the idea of 
optimising individual departments in isolation. Waste is a term frequently associated with lean manufacturing, and 
John Bicheno [5] suggests that the focus should be on preventing waste rather than eliminating it. 

The principles of lean manufacturing can be applied to aircraft turnaround, but it is important in this project to be 
able to distinguish between .lean impro.vements (improvements identified by using the principles of lean 
manufacturing) and the additional improvements ID technolpgies can offer. 

Production Responsiveness . 
Production responsiveness is 'the ability of a production system to achieve its goals in the presence of disturbances'. · 
A disturbance is 'a change occurring internally or externally to a production system, .which can affect its operational 
performance, and is either outside its control or has not been planned for by the system'. 

Matson and Mcfarlane [6] suggest that a sensible assessment of the impact of disturbances can only be made with . 
direct reference to an organisation's production goals, and that the overall affect of a disturbance covers the 
immediate effects of the disturbance and the effects of any response. To achieve its goals in the presence of 
disturbances, a production system must respond after the disturbance has occurred and/or have responded in advance 
of the known possibility of the occurrence of the disturbance. · 

A Production Responsiveness auditing tool can be used to help a company evaluate its.current ability to handle 
disturbances affecting its production performance, and decide appropriate actions for improving its responsiveness. 

The 5 steps of this audit are outlined as follows: 
Step 1: Understand the operation - Tools like process mapping can be used to clarify ·process~s. 
Step 2: Goal identification - Understand how operational performance is measured. 
Step 3: Disturbance responsiveness assessment-For each type or each class of disturbances a Disturbance 
Responsiveness Chart is plotted to capture the nature of the disturbance and its impact on the process. 
Step 4: Disturbance Response Capability Assessment - For each type of disturbance a Capability Chart is also 
produced. This chart provides an assessment of how well the capability can respond to the disturbance. 
Step S - Impact/Response- Capability Summary Chart - The final step involves producing a chart that can assist 
in comparing disturbances in terms of the current impact on production goals, and the extent to which capabilities 
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exist for overcoming them. This chart can be used to help make decisions on improvement actions for adding or 
improving capabilities. 

The responsiveness auditing tool can be applied, to examine how well processes and systems handle the different 
disturbances that occur during a turnaround operation, and highlight the level of their impact. These processes and 
systems can be examined more closely to see if improvements can be made through the use of ID technologies. 

ANALYSIS APPROACH 
In this section we will outline the approach taken to examine the turnaround process and the likely impact from the· 
adoption of ID technologies. It was important to select suitable airlines and airports to participate in the case studies. 
To get a clear understanding of which airports and airlines within the UK were most appropriate, punctuality 
statistics published by the Civil Aviation Authority (CAA) were examined [l]. 

Figure 2 shows the ranking of 9 out of the 20 airlines we examined in the UK. They have been ranked by average 
departure delay time, with higher rankings denoting worst on-time departure performance. 

Rank Airline Avera2e delay (mins) 
1 VIRGIN ATLANTIC AIRWAYS 24.8 
2 GB~WAYSLTD 22.7 
3 FL YBE.BRITISH EUROPEAN 22.3 
4 BRITISH AIRWAYS PLC 19.3 
5 ALITALIA 19.1 
6 BMIBABYLTD 18.1 
7 LOGANAIR 17.9 
8 MONARCH AIRLINES 15.6 
9 EASYJET AIRLINE COMPANY 15.4 

Figure 2. Average departure delay by airline~ in the UK. 

From the list shown above three short haul airlines were selected on the basis of the distribution of their turnaround . 
issues and their proximity. These airlines agreed to participate within the research activity, although due to 
sensitivity around some of the data, the names of the .airlines are ~ot given.· 

Structure of Investigation 
The research was carried-0ut in two distinct phases; firstly to examine approaches for reducing the mean aircraft 
turnaround time, and secondly, how to reduce the variance in aircraft turnaround time. · 

Part 1: Mean Turnaround Time Reduction. The first part looks at how identification technologies (ID) can be used · 
to improve mean aircraft turnaround time by streamlining different processes located on the turnaround path. This 
will make use of the SMED and Critical Path Analysis to Streamline existing processes. · · 

Part 2: Turnaround Variation Reduction: The second.part of the research examines how ID technologies can be 
used to reduce the impact of operational disturbances on aircraft turnarounds by identifying ·the_ different 
disturbances and the interdependence of processes. . 

In the following sections we describe the approach taken in each case. 

Approach to Mean Turnaround Time Improvement. 
An outline of the process used to determin~ opportunities for reduction in mean turnaround times can be seen in 
Figure 3 below. 

Figure 3. Mean Aircraft Turnaround time improvement. 
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The analysis of mean turnaround time consists of three main steps: 

Step 1: Turnaround operations, Gantt charts and critital paths; The objectives were to get an overview of the 
turnaround operations, the timings of these operations, who performs them ( airline staff, ground handling staff or 
other external staff), and the technology and information currently used. This information was obtained during site 

. visits to the airlines. Using the information collected, a Gantt chart and the critical path for the ideal/minimum 
turnaround was produced for each airline. The critical path is the series of consecutive activities representing the 
longest path through the turnaround operations. 

Step 2: Critical path processes; On later site visits to each airline a more in-depth unders~ding of the processes 
was acquired in order to identify the critical path for each airline's turnaround. This was achieved by walking 
through the processes, watching them in real time, and speaking to cabin and flight deck crew, ground staff and the 
operations staff involved .. 

Step 3: Areas for the application of ID technologies; Areas where critical path processes could be improved (for 
example a reduction in the required resources) and/or areas where the time of these processes could be reduced by 
using ID technologies were identified. Distinguishing between areas where ·general or lean improvements could be 
made and areas where ID technologies could bring additional or unique benefits was important. 

Approach to Reduce Turn Around Time Disruptions. 
In this section the techniques used to_ analyse the disturbances and capabilities of different processes within the 
aircraft turnaround procedure is discussed. The disruption analysis consists of 6 main steps and investigates how ID 
technologies ·can be used to reduce the impact of operational disturbances on aircraft tumaro~ds. 

Figure 4. Reduction in Aircraft Turnaround Disturbances. 

This part of the research builds on tools used to analyse Production Responsiv~ness as discussed in Section 2.2. The 
cause of a disturbance to an airline can be a supplier, a customer, or be external or internal. This is shown 
diagrammatically in Figure 5. External disturbances such as the weather and air traffic flow management 
restrictions are by definition out of the control of an airline and are not considered in the subsequent analysis. 
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Figure 5 Disturbance sources 
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Step 1: Understand the operation; 

Step 2: Goal identification; Discussions were held with operations staff at the 3 airlines who confirmed that the 
main goal relevant to turnaround was· on-time performance. Other factors mentioned by the airlines were the knock 
on effects (reactionary delays), the cost of the delay, and the negative impact on customer satisfaction and loyalty. 
These 3 factors are linked to the initial delay and hence are linked to on-time departures, and can be reduced by 
decreasing the frequency of occurrence and duration of delays 

Step 3: Disturbance responsiveness assessment; This assessment was concerned with determining the nature of 
disturbances and their impact on the goals of an organisation. To assess the nature of the disturbances, data on 
departure delays was obtained from twp of the airlines involved and was grouped by IA TA Aircraft Movement and 
Diversion Message Codes. IA TA code is assigned to a delay by the Ground handling or operations staff. Listed 
below in Figure 6. are some of the pertinent delay codes used in the analysis. 

41 Teclinical defects - includine: items in the Minimum Eauipment List 
43 Non-scheduled Maintenance - Soecial and/or additional checks bevond normal maintenance 
46 Aircraft Change - For technical reasons e.g. long technical delav 
32 Loadinw'unloading - Bulkv, special load; lack ofloadine: staff 
36 Fuelling/defuelling - late delivery of fuel - excludes late reauest 
16 Commercial or passenger convenience 
31 Late documents - Weight/balance, manifests etc 
37 Catering 

Figure 6. IA TA Aircraft Movement and Diversion Message Codes 

Because the measures of frequency of occurrence and average duration of a delay cover both the nature and impact 
of a disturbance, it is felt that a single disturbance impact measure would enable the comparison of disturbances. 
The disturbance impact measure (per unit time) that will be used to compare disturbances is given in the following 
equation. 

Average Disturbance Impact = Average delay (min) x Frequency of disturbance (min) . 

Step 4: Disturbance response capability assessment; For each disturbance or class of disturbances identified in 
Step 3 a corresponding Disturbance Response Capability Chart will be produced. The available response 
capabilities will be categorised as recognition capabilities, response and decision making capabilities. To determine 
the existing resp~nse capabilities, their potential to solve disturbances and their current utilisation, visits and 
interviews with staff from the airlines and the other companies involved in a turnaround were carried out. 

• Each capability was assigned a value of 0, l, 2 or 3 depending on the potential of that capability to solve 
the disturbance. (3 High, 0 Low capability, filled dot) 

• Each capability was assigned a value of 0, 1, 2 or 3 depending on the utilisation of that capability. (3 High, 
0 no utilisation, hollow dot) 

Step 5: Impact/Response summary; To make decisions.on potential improvements it is necessary to be able to 
simultaneously consider the impact of a disturbance, the potential of capabilities to solve disturbances and the 
current utilisation of these capabilities to solve disturbances. To determine the potential and current utilisation of 
capabilities, interviews and site visits were conducted with relevant ground handling & operational staff involved in 
the turnaround process. 

Condition 1: The impact of a disturbance is high and the potential of current capabilities to solve the disturbance is low. This 
indicates an area where the additional improvement to existing capabilities should be strongly considered. 

Condition 2: The impact of a disturbance is bigh. the potential of current capabilities to solve the disturbance is high. but the current 
utilisation of these capabilities is low. This indicates that staff may need further training or systems may need to be adapted to make 
better use of information available. 

To aid in determining the presence of these two conditions, three measures are proposed [3]: 
1. Average Disturbance Impact = Average delay x Frequency of disturbance 
2. Disturbance Response Capability Index - average of non-zero values for the capability. 

· 3. Capability Utilisation Index- average ofnon-zero values for the utilisation. 
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· . Step 6: Areas for the use of ID technologies; By examining the Impact / Response table and or the 2D Impact / 
Response chart, it is possible to highlight processes that may benefit from the use ofRFID or ID technologies. 

The next two sections present the results of the analysis of the three airlines involved in the turnaround research. 

MEAN TURNAROUND TIME IMPROVEMENT STUDY. 
the analysis presented here for examining approaches to reducing mean turnaround time follow the approach 
presented in Section 3 .2 

Critical Path Analysis for Turnaround 
From the information collected and the ·observations made during site visits to the three airlines, Gantt charts and the 
corresponding critical paths were produced for each airline. On the Gailtt charts each operation is numbered and the 
prerequisite steps for each operation ·are shown in brackets. In the Gantt charts the operations are divided into: 

Operations on the aircraft- carried out by cabin crew, the flight deck and cleaners 
Operations on the ramp - carried out by ground handlers 
Tasks completed by a Dispatcher - Airline staff. Not all airlines used these 
Passenger (PAX) services - carried out by ground handlers 
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Figure 7 Gantt chart for Airline ~'s 25 minute turnaround 
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Figure 8 Critical Path Airline A's 25 minute turnaround 

Figure 8 shows that passenger boarding accounts for IO.minutes (40% of the total turnaround time), cleaning and 
security checks account for 6 minutes (24%) and passenger disembarking accounts for 4 minutes (16%). 

Figure 9 summarises the critical path analysis for three airlines. In each case we provide the % of time devoted to 
each of the three categories (Boarding, Cleaning/ Security and Disembarking). To enable closer comparison the 
data is normalised as % in each case. The fourth column reflects a mean or typical turnaround distribution which is 
used as a bases for the following analysis. 
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ATAProcess Airline A Airline B Airline C Mean 
Boardim~ 400/o 35% 40% 38% 

Cleaning / Security 24% 25% 30% 26% 
Disembarking 16% 25% 20% 200/o 

Figure 9. Tum around critical path analysis for Airline A, Band C. 

Impact of RFID on Reducing Mean Aircraft Turnaround Times 
In this section of the report we provide some estimates on the impact that RFID will have on the Aircraft turnaround 
performance. Through observing the ~around process from the gate, ramp, the aircraft and by discussions with 
cabin crew and ground handling organisations, we confirmed the premise that there are areas within the boarding 
process, cleaning/ security and other ancillary tasks that could be made more efficient through the use of non-line of 
site and simultaneous read ID technologies. Figure 10 and the bullet points below shows the estimated savings and 
the different tasks where we believe these savings can be made. Future research will provide more analytical data in 
this area. 
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Figure I 0. Estimates on the Potential Reduction in Mean Time using RFID 

Boarding 

• Handling staff check the person, ticket and passport match at the gate. 
• Cabin crew check the details on each boarding pass at the· aircraft door. 
• Oversize or unusual luggage (prams) are left at the door of the aircraft for loading into the hold. 

Cleaning / Security 

• Checking configuration of safety equipment onboard the aircraft ( oxygen bottles, fire extinguishers and 
portable breathing equipment) 

• Ensuring that life jackets and safety placards _are present before each flight) 

Others 

• Location information on baggage in an aircraft's hoJd (enabling fast accurate baggage retrieval for no show 
passengers) 

• Tracking of catering/ merchandising trolleys 
• Automated ticket passenger count. 

TURNAROUND DISTURBANCE IMPACT REDUCTION STUDY . 
In this section we examine issues leading to variations in turnaround time. Two of the airlines involved in the 
research provided delay data detailing with disturbances that caused departure delays between January 06 to March 
06, and January 06 and February 06 at two UK Airports . . 
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· Disturbance Analysis 
·111~ frequency of occurrence, the average isolated delay time, the average reactionary delay time and the _average 
delay time (isolated delay time + ·reactionary delay time) were calculated from the data. Note that any delay time 
due to a late incoming aircraft was removed before calculating the averages. For each delay the Average 
Disturbance Impact was calculated as discussed in Section 3 .3. The Average Disturbance Impact was calculated 

· -using_ both the average isolated delay and the average total delay for each IA TA code. 

! ■ frcgucncY x average isolated delay ■ frequency x avaagc toCal delay I 
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Figure 1 i ,Average Disturbance Impact by IA TA code for Airline A at Airport i 

By comparing data from the two airlines involved it was seen that the ranking of the delay (IA TA) codes is very 
similar with 8 out of the top 10 codes being identical. Because of the agreement between the two rankings, and the 
limited time scale· of the research it was decided to carry out the next stage of the study with Airline A only. 

Disturbance Response Capability Assessment 
The top 20 delay codes in Figure 11. account for over 95% of the Average Disturbance impact caused by all delays. 
Out of these 20 delays it was decided to produce Disturbance Response Capability Charts for the de fay codes listed 
in figure 6. as these codes related closely to the turnaround process. Analysis was not performed on any of the 
reactionary delays (90's) because they are the knock on affect from other delays. Flight Operations, Crewing {60') 
and Ground damage (52) were not examined because it was determined that ID technologies could offer no bene~ts 
to these areas, and the time available for this research was limited. 

To determine the potential and current utilisation of capabilities to solve the 8 causes of disturbances, interviews and 
site visits were conducted with relevant staff at Airport 1. From these interviews and site visits 8 _generic response 
capabilities were identified, as in Figure 8.4. Capabilities related to providing turnaround operations were chosen to 
allow all 8 caus.es of disturbances to be· analysed and compared using the same Disturbance Impact Response chart. 
One of the Disturbance Response Capability charts can be seen below in Figure 12. 

Technical Delays (41, 43 & 46) 

R: Pilot/cabincn:w/Oround Staff 
J ... 

DM: Existing procedures foc Decision Making_...- · ·· · _ B: Early Recognition 

DM : Availmility oClnformllKJn. · 

F: Sieck in Schedule 

OM (Decision Making) B (Buffer) F (Flexibility) R (Recognitiol)) 

Figure 12. Disturbance Response Capability Chart 
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Impact/Response Summary Chart 
.Step 5 in Section 6.3 explained the importance of being able to identify the existence of2 conditions: 

Condition 1: The impact of a disturbance is high and the potential of current capabilities to solve the disturbance is 
low. This indicates area where the addition or improvement of existing capabilities should be strongly considered 
Condition 2: The impact of a disturbance is high, the potential of current capabilities to solve the disturbance is 
high, but the current utilisation of these capabilities is low. 

To determine the presence of condition I a 2D Impact/Response chart was used, and is shown in Figure 13. The 
dotted circle shows the disturbances that indicate the existence of condition I. Although technical disturbances have 
the largest average disturbance impact by a factor of about 3, it may not be the area.where the biggest benefits can 
be achieved. 

2D Impact/ Response Chart 
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Disturbance Response Capability Index 

Figure 13; 2D Impact/Response chart for-the 8 causes of disturbance 

Figure· 13. indicates that the addition or improvement of existing capabilities should be strongly considered in the 
response to Technical (41, 43, 46) and Late loading (32) disturbances. 

Figure 14. looks at whether or not ID technologies could improve existing capabilities for dealing with Technical 
(41, 43, 46) and Late loading (32) disturbances. As mentioned earlier in this section the Impact/ Response chart in 
Figure 13 does not indicate which improvement actions are likely to be the most cost effective. The Impact / 
Response table in Figure 14. individually highlights high Average Disturbance Impact values, high Disturbance 
Response Capability Indexes, and low Capability Utilisation Indexes. If a cause of disturbance has all 3 of its values 
highlighted this indicates areas where the improvement of under utilised capabilities should be strongly considered · 
(Condition 2). From Figure 14 it can be seen that for Airline A, there are no occasions where the impact of a 
disturbance is high, the potential of current capabilities to solve the disturbance is high, but the current utilisation of 
these capabilities is low. · 

Technical (41,43,46) 

Late loading (32) 

Pax convenience (16) 

Fuelling (36) 

Catering (37) 

Late documents 31 

l.42 

Capability ·. · 
Utilisation index 

0.76 '-1-2..;.;.3;..;;..3 _____ _J 

Figure 14. · Impact/Response table for Turnaround Time 
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CONCLUSIONS 
The objective of this research work was to investigate where the use of ID technologies could reduce mean 
turnaround time and the impact of operational disturbances on aircraft turnarounds. A number of areas within the 
critical path of the turnaround were identified and were discussed previously (Boarding, Cleaning / Security, 
Technical Delays). During the research it became apparent how. interdependent the tasks are within the turnaround 
process, both at a physical level, · and also in the information flows required. Examining the disturbance impact 
response table in Figure 14, it can be seen that technical delays and late loading cause a significant disturbance to the 
turnaround. These tasks are typically carried out by partner organisations and require timely, accurate information 
to be affective. ID technologies provide a mechanism for obtaining automated visibility of physical processes, but 
the information systems and business processes for sharing this information between partners'are essential. 

The results of the research were shared with the organizations involved to obtain feedback on the findings. This 
feedback shows that the tailored respensiveness tool has identified key aspects of turnaround that need closer 
investigation for the adoption of network ID solutions. The next step of this research will examine more closely the 
axes used in responsiveness analysis of turnaround processes and provide a more rigorous and quantitative approach 
to calculating impacts and improvements possible via RFID. It will also ·investigate the effect that airport 
configurations and the capability of different information systems have on the turnaround process. 
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BEHAVIOR BASED NAVIGATION FOR PEDESTRIAN SIMULATION 

John M. Usher and Lesley Strawderman 
Mississippi State University 

ABSTRACT 
Navigation is an innate ability for humans, but simulating this capability in a virtual environment is no easy task and 
has been of interest to researchers for nearly a decade. This paper describes strategies employed by pedestrians for · 
collision avoidance, including changes in speed and trajectory, passing strategies, and distance between objects. 
Reported observed behaviors of pedestrians from human studies are presented. The development of the intermodal 
simulator for the analysis of pedestrian traffic (ISAPT) is discussed, as well as its adherence to the pedestrian 
behaviors identified. · 

INTRODUCTION 
When planning pedestrian environments it is necessary that designers take into consideration how pedestrians will 
respond to their environment as they navigate in order to complete their individual and sometimes joint missions. It 
is a unique problem given that you have a crowd of persons traveling to unique destinations for various purposes. 
Some may be in a hurry to ge~ to one specific destination, while others may be visiting ·intermediate destinations for 
the express purpose of killing time prior to reaching their intended destination. As well, as crowd density increases, 
the path a person takes to reach their destination becomes convoluted as they make numerous variations in their 
journey while navigating the crowds. Overall, the environment is one that is highly dynamic. 

Navigation is an innate ability for humans, but simulating this capability in a virtual environment is no easy task and 
has been of interest to researchers for nearly a decade. This paper describes the development of the collision 
detection and avoidance component of the navigation scheme within a system aimed at pedestrian simulation in 
intermodal facilities. The system is referred to as the intermodal simulator for the analysis of pedestrian traffic 
(ISAPT). The development discussed focuses on simulating behavioral traits exhibited by pedestrians as they 
navigate their envitonment. These reported behaviors are described in concert with the strategy used for simulating 
them. Examples from the simulation are provided to illustrate these behaviors as they occur during the pedestrian 
simulation. 

BACKGROUND 
When a pedestrian enters an environment, such as an airport, they have an overall purpose in mind. One possible 
purpose may be to ensure they reach their gate in a timely manner for the scheduled departure of a flight. This · 
overall purpose will be carried out taking into account one or more sub-objectives that are required, or desired, in 
order to satisfy the overall goal. These objectives might include such tasks as the requirement that they check their 
luggage and/or a desired objective of getting something to eat prior to arriving at their gate. Therefore, navigation 
may entail the visitation of one or more intermediate stops_prior to arriving at their final destination. These stops 
comprise an agenda for the pedestrian. This agenda is carried out through the use of some strategic planning on the 
part of the pedestrian (Hoogendoorn, Bovy et al. 2002). Specific paths chosen by a pedestrian will be influenced by 
many factors including such things as their existing knowledge of the environment and availability of sign.age to aid 
in their trip. · · 

While navigating a selected path, the pedestrian will alter their route based on such factors as crowd density · and 
constraints imposed by the architecture itself ( e.g., walls, columns, etc.) and its contents ( e.g., furniture, planters, 
kiosks, etc.). Given the static nature of these items, a pedestrian is able to plan ahead, making slight modifications to 
their direction as they move along a selected route (Bierlaire, Antonini et ·at 2003). While the pedestrian is · 
following along their selected path, they will need to make modifications to their movement based on interactions 
with unforeseen obstacles that are moving and will cross their path as they travel. These obstacles principally 
represent other pedestrians but may include such items as courtesy vehicles or janitorial carts. · 

In order to safely traverse their path, real-time reactionary decisions are made that steer the pedestrian to avoid 
· collisions while they continue on to their next stop on their agenda. Therefore, along with path planning and path . 
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. following, ·collision detection and avoidance becomes a critical component of navigation as a principal means for 
pedestrian control at an operational level. 

The concept of reactive navigation doesn't necessarily use predefined paths. A pedestrian navigates based on its 
reaction to items within the environment. Such methods include the use of social force fields, rule based methods, 
an(! XZT space methods. Even though these methods permit a pedestrian to navigate, the pedestrian still requires 

· some overall goal or direction that motivates it to move. Therefore, it is not uncommon to see these reactive methods 
used in combination with a defined target that a pedestrian is trying to rea~, or a path that it is following. 

The social force field approach of reactive navigation involves steering a pedestrian by the application of a 
combination of forces that arise from the-pedestrian's interaction with the environment. This approach is sometimes 
referred to by the name, particle systems, in. that the pedestrians in the system are each represented as a particle of a 
given mass moving in a specified dire~tion at a defined velocity as a result of the combined affect of the surrounding 
forces (Braun, Musse et al. 2003). For example,.a target position can be represented as an attractive force and 
obstacles as repulsive forces. Such combined forces that dynamically change as the pedestrian moves through the 
environment result in a random path arising as they traverse the environment. Helbing and Molnar ( 1995; 1997) 
were one of the first to propose such an approach for pedestrian modeling, building a system based on three basic 
forces: acceleration as a basic drive, repulsion by other pedestrians and borders, and attractive effects that arise to 
explain such phenomena as pedestrian grouping or a desire of a pedestrian to do such things as window shop. 
Examples of social force field approaches include Lamarche and Donikian (2004), that of Metoyer and Hodgins 
(2003) to support visualization of pedestrian movement as an enhancement to the presentation of architectural and 
urban designs, and Heigeas ~t al. (2Q03) for visual rendering of crowds in the ancient Oreek agroa of Argos. 

A second approach involves the use of rule based systems. Such systems have been described as a fast approach . 
(Soteris and Yiorgos 2006), while at the same time touted as inappropriate for use with large crowds (Heigeas, 
Luciani et al. 2003). Loscos et al. (2,003) goal was to develop a system that is able to simulate large crowds up to 
10,000 pedestrians employing a rule-based approach. To reduce the computational complexity they represent the 
environment as a 2D grid of a 4efined spatial resolution ( e.g., each cell is 1 square meter) where each cell is either 
empty or occupied by a pedestrian or obstacle (i.e., building). Given this foundation, pedestrian navigation involves 
deciding which one of eight possible-locations to move to next. In this framework, collision detection and avoidance 
is implemented by each pedestrian exploring the grid up to 5 tiles ahead to identify potential collisions. Depe_nding 
on the type of potential collision (front, following, or perpendicular), the distance to the threat, and the current state 
of other pedestrian (walking or waiting), a single response is selected from a list of discrete decisions. A problem · 
with this approach is that angular changes in direction are limited to 45 and 90 angles as defined by the 2D grid. 
This leads to unrealistic movement of pedestrians an affordance Loscos is willing to take in order to be able reduce 
computational complexity. 

Expanding on the typic,al rule-based approach used by 2D grid based systems, Tecchia et al. (2002}incorporates a 
height map whereby each cell has a specified height value indicating the elevation of the plane represented by that 
cell. If the change in elevation is not within the capabilities of the pedestrian then this cell is treated as an obstacle 
around which they must navigate. A novel aspect of the another rule-based approach of presented by Niederberger 
and Gross (2003) is that they distinguish between actions ( e.g., movements to follow a path) and reactions ( e.g., 
collision avoidance) providing top priority for reactions when the system selects from a queue the next action to 
perform. 

Soteris and Yiorgos (2006) also employ a 2D grid for navigation, but extend the typical rule based approach for 
navigation with the use of a flow grid as a perception mechanism to measure overall crowd density in areas as a 
means to aid a pedestrian while navigating. The idea is that' a pedestrian will choose to move through areas of low 
density as they travel to their destination. The purpose of this global vision mechanism is to read the collective 
behavior of the crowd; thereby, elimina.ting the need for each pedestrian to have to consider each neighbor when 
making a decision. This perception mechanism works but one must ask in reality how well a person is able to 
perceive crowd densities and at what distance from their current location. 

The third method, the XZT ( or XYT) approach, considers how pedestrian flow in a 2D (XZ) coordinate system will 
change over time (T). This detailed extrapolation of each pedestrian's trajectory through space permits t~e 
determination of collisions among the pedestrians. This is the approach used by Feurtey (2000) in his system where 
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using the results of this determination, a pedestrian will either slow down, make direction adjustments, or speed up 
in order to avoid collision. A novel factor in his approach is the ability to consider multiple pedestrians in the 
analysis in concert with a cost function to arrive at the best response to the environment. Li and Chou (2003) use a 
similar approach to plan for feasible paths among obstacles for a crowd of mobile robots or avatars. 

Sakuma, Mukai et al. (2005) extend the concept of collision avoidance by working to include human limits as 
defined by historical psychological experimentation, specifically memory capacity. They mention the use of a 
virtual memory structure to store the positions and speed of a fixed number of other pedestrians with updates of 
these values provided on defined time intervals. However, they do not provide any details on how this memory 
influences the rules used for collision avoidance. Unlike other studies, Sakuma et al. does model crowd density's 
influence on pedestrian speed. 

REPORTED PEDESTRIAN BEHAVIOR 
Behavioral studies found in the literature define a number of strategies used by pedestrians as they navigate through 
a crowd, as summarized in Table 1. Related to collision avoidance, pedestrians tend to either change their trajectory 
or change their speed. They also have a number of strategies that are employed when passing other pedestrians. 
These collision avoidance patterns are impacted not only by the individuals, but also the density of the crowd 
(Bierlaire, Antonini et al. 2003). 

When a pedestrian realizes that a collision with another pedestrian is imminent, they generally decide a course of 
action. The two most common choices are to change their trajectory or to change their speed. Behavioral studies 
have shown that pedestrians prefer changes in speed (Blue, Embrechts et al. 1997). Each pedestrian has a preferred, 
maximum, and current walking speed. These speeds are used to make decisions about acceleration or deceleration 
as they relate to collision avoidance (Haklay, O'Sullivan et al. 2001). The decision to change speeds is dependent 
upon the pedestrian's goals, urgency, and situation awareness (Helbing and Molnar 1997). The speed of the 
pedestrian will remain constant unless conditions for a change of speed are presented (Willis, Kukla et al. 2002). 

A pedestrian's speed is impacted not only by their goals and urgency but also the surrounding crowd. With an 
increase in crowd density, a pedestrian's average speed is decreased. Daamen and Hoogendoorn (2003) studied 
pedestrian speed at two densities: high density of0.6 pedestrians/m2 and low density of0.15 pedestrians/m2

• The 
speed for each density was 1.47 mis and 1.57 mis, respectively. Similarly, Fruin (1971) found a decrease in speed 
with increasing density. They reported an approximate speed of 1.14 mis at a density of0.6 pedestrians/m2 and a 
speed of 1.40 mis at a density of0.21 pedestrians/m2

• Though the·data are not replicated between these two studies, 
the emergent trend is apparent. 

Though pedestrians prefe~ changes in speed, they often are forced to change their trajectory. Pedestrians have a 
tendency to choose paths to their destination that minimize the need for angular displacements {Turner and Penn 
2002). They have a strong preference of keeping their current direction as they move toward their goal destination 
(Antonini, Bierlaire et al. 2006). A simulation model created by Blue, Embrechts et al. (1997) calculated that 18% 
of steps in a pedestrian's pathway included a trajectory adjustment. Itis important to note_ that although pedestrians 
may change their trajectory, they tend to move back to their original pathway once the collision or obstruction has 
been passed (Goffinan 1971). · 

When pedestrians are faced with collision avoidance, they often make a decision to pass another pedestrian. While 
this may seem similar to the passing of automobiles.on a roadway, there are some distinct differe~ces. No rules 
exist for appropriate pedestrian passing behavior. For instance, there is nothing prohibiting a pedestrian from 
crossing over into opposite flowing traffic in order to p~s. someone; However, pedestrians do have a tendency to 
pass on the right when completing an opposite-direction pass (Goffinan 1971). When a pass needs to be made in 
uni-directional flow, pedestrians tend to pass on both the left and the right with equal probability (Daamen and 
Hoogendoorn 2003). Helbing, Molnar et al. (2001) observed that when a head on collision is imminent, both 
pedestrians tend to make a side-step in order to avoid.collision. 

Another important facet of pedestrian behavior is that of spacing. Individual pedestrians tend to keep a minimum 
distance from others in the crowd. This is known as the territorial effect (Bierlaire, Antonini et al. 2003). Willis, 

· Kukla et al. (2002) have found that the actual distance between people or objects depends both on the type of 
pedestrian and the type of obstruction. 
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Table 1. Observed Pe4estrian Behaviors from Literature 

Cateeorv Behavior Source 

A 
Each pedestrian has a current, maximum, and preferred · 

(Rak.lay, O'Sullivan et al. 2001) 
speed 

B 
Pedestrian speed is constant unless conditions for a 

(Willis, Kukla et al. 2002) 
change exist 

Changes in 
(Daamen al!,<! Hoogendoorn 

C Speed decreases with an increase in ?rowd density 2003) 
Speed 

(Fruin 1971) 

D 
Speed change is the preferred method of collision 

(Blue, Embrechts et al. 1997) 
avoidance 

E 
Decisions regarding speed change are dependent upon an . 

(Helbing and Molnar 1997) 
individual's goals 

F Preference is given to maintaining their current direction (Antonini, Bierlaire et al. 2006) 

Changes in G 
Once a trajectory change has been made, pedestrians tend 

(Goffman 1971) 
Trajectory to return to moving in the direction of their original path 

H 
Pedestrians choose paths that minimize the need for 

{Turner and .~enn 2002) · angular displacements 

I 
Pedestrians tend to pass on the right in opposite-direction 

(Goffman 1971) passing 
Passing 

J 
Pedestrians pass on both the left and right with equal (Daamen and Hoogendoorn 

Strategies probability in uni-directional flow 2003) 

K If a head-on collision is imminent, both pedestrians tend 
(Helbing, Molnar et al. 2001) 

to make a side-steo 
Distance 

L Pedestrians keep minimum distance from others in 
(Bierlaire, Antonini et al. ·2003) · 

between crow~ ("territoij~l effect'') 
Objects 

M Distance depends on type of pedestri~ and type of 
(Willis, Kukla et al. 2002) _ obstruction · 

SIMULATION ·svSTEM 
· The ISAPT system is an OpenGL-based application written in the C++ programming language with an aim at 

supporting cross-platform use. The simulation was developed using the OpenSteer toolkit (Reynolds 1999) that was 
originally created to aid in the development of autonomous ch":fatters in animation and gaming applications. It 
provides a foundation for the development of an individual behavior-based simulation making use of an existing 
graphical architecture . . The application provides a basic framework in which behaviors can be developed for 2D and 
3D applications. 

A pedestrian is represented in the simulation as a point mass approximation providing it with the capability for 
linear momentum, but no rotational momentum. A pedestrian is defined in terms of their position, mass, velocity, 
direction, and limitations (i.e., maximum force and speed). Since we are simulating humans, a pedestrian's velocity 
arises from forces that are self-generated and modified by changes in these forces (referred to as steeringforces). At 
this time, no consideration is given to forces that may arise externally due to ·collisions with other pedestrians or 
obstacles. The simulation employs a fixed time advance mechanism with each pedestrian's position and velocity 
being updated in each iteration. · 

The movement of each pedestrian within the simulation is defined by a steering force vector that is the compilation 
of a set of individual steering forces derived from individual behaviors programmed into the system. These 
behaviors include such items as: basic motions ( e.g., move forward, stop, tum x degrees to left, etc.), collision 
detection and avoidance of both stationary and moving obstacles (e.g., pedestrians, benches, etc.), path following, 
target seeking, and wandering. In this paper, we will focus on the implementation of the steering force behaviors 
associated with collision detection and avoidance ignoring, for the sake of brevity, the topic of dealing with 
stationary obstacles since this represents a much easier task than avoiding moving obstacles. 
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Fundamental to the simulation is the capability to prescribe basic movements of a pedestrian including starting, 
stopping, and steering them in any direction. Unlike the 2D grid-based approaches reviewed earlier that permit only 
discrete positioning and incremental linear and angular movement of a pedestrian in the environment, the ISAPT 
system utilizes a spatially continuous domain to describe the position and movement of a pedestrian. Each 
pedestrian's position is defined in terms of a three-dimensional point in space, and vectors are employed to represent 
their direction, velocity, and acceleration. This permits the system to take into account acceleration when a 
pedestrian starts and stops providing a more realistic simulation of their movement. The Euler equations are used to 
simulate the physics of realistic movement of a pedestrian. Therefore, the velocity and position of a pedestrian at 
each iteration is determined using the equations: 

New Velocity~ Old Velocity+ Acceleration* Time Step 
New Position = Old Position + New Velocity * Time Step 

The acceleration of the pedestrian is computed taking into account the overall steering force and dividing it by its 
mass (arising from the' classic equation F=MA). The basic force of a pedestrian is to continue moving forward in 
their current direction. This forward direction represents the default building block of the steering forces. 

The specific mechanisms and strategies implemented in ISAPT for behavioral simulation will be discussed in the 
next section with examples to illustrate the system's capability to simulate the reported behaviors summarized in 
Table 1. 

PEDESTRIAN BEHAVIOR AND SIMULATION 
Changes in Speed 

(1) 
(2) 

As stated previously, the basic drive of a pedestrian within the ISAPT system is to move forward from its origin to 
its destination. In the system, each pedestrian is defined by a set of attributes that includes a maximum speed along 
with values for the mean and variance of the normal distribution used for determining their current speed. These 
values vary from one ·pedestrian to the next and are influenced by the pedestrian's age and gender in satisfaction of 
behavior A as given in Table 11

• Therefore, a pedestrian's speed f(?llows a normal distribution, but as per behavior B, 
their mean ~peed is held constant unless the environmental conditions warrant the need to make a change ( e.g., due 
to an impending collision or change in crowd density). The reason the mean speed is altered is due to changes in the 
crowd density and the fact that the pedestrian is unable navigate successfully to leave the crowd and therefore, · 
makes adjustments in the speed to accommodate the other persons in their immediate vicinity. This adjusted speed is 
calculated as: · 

new speed= current speed* (t1/t2) (3) 

where: t1 = time until the pedestrian will collide with their closest threat 
t2 = lead time, the time period into the future within which potential collisions are considered 

The collision detection mechanism explores the immediate vicinity looking for pedestrians that represent potential 
future threats, the system extrapolates the future paths of other pedestrians in the vicinity exploring a future time 
period given by the lead time value, t2, which is a uniquely defined attribute of each pedestrian. After looking at all 
other pedestrians in the immediate area, if more than one pedestrian represents a potential thre~t, then the system 
will return the time, ti, representing the time until col~ision with the most imminent pedestrian. Given these two 
values, their ratio provides a convenient factor for adjusting the speed to deal with an impending threat. This · 
implemented behavior matches that of behavior D. When a pedestrian is in an area consisting of several potential 
threats, this same algorithm results in a natural reduction in speed to account for the crowded conditions illustrating 
the observed behavior C. This is illustrated in Figure la, where pedestrian #Ion the left is moving at a faster pace 
(1.8 mis) than the others (1.2 mis), as #1 approaches the crowd they will reduce and maintain their speed to keep a 
certain distance from the other pedestrians m the group as can be seen in Figure 1 b showing a snapshot of the crowd 
at a later time period. Therefore, as crowd density increases the pedestrians trailing behind others will begin fo make 
adjustments in their speeds to account for loss in mobility. · 

1 References to the individual behaviors listed in Table 1 will be indicated by the use of italics ( e.g., behavior A). 
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(a) (b) 

Figure 1: Illustration of changes in speed. 

Behavior E is not c~ently considered by the system at this point in its development, but will come into play as the 
system capabilities expand to include qonsideration of each pedestrian's purpose and agenda, as mei:itioned earlier. 

Changes in Traiectory 
Again, in order to abide by behavior F, the basic drive of a pedestrian is to move forward to its destination by . 
moving in the direction of a chosen path. The pedestrian will maintain the.given direction of their path until an 
impending threat arises from other moving obstacles. The path they are on will already have considered visible 
stationary obstacles, but sometimes a modification to this path may be needed if an unexpected stationary obstacle is 
encountered (i.e., a piece of luggage left by s~meone in the middle of the floor). In accordance with behavior G, if.a 
trajectory change is made due to a stationary or moving object, the pedestrian will return to a trajectory in the 
direction of their original path. This is 'illustrated in Figure 2a where two pedestrians are approaching one another in 

· opposing flow. You can see in Figure 2b as pedestrian #2 makes a trajectory change to avoid pedestrian #L The 
overall historical path movement is visible in Figure 2c indicating that pedestrian #2 has returned to their original 
direction and wil_l slowly begin to migrate (as indicated by the acceleration vector pointing down and two the left) 

. back to the original path as they continue on toward their destination. 

In ISAPT, the avoidance behavior of the pedestrian depends on the distance between the pedestrians. In a manner 
similar to (Sakuma, Mukai et al. 2005) and Heigeas et al. (2003), ISAPT recognizes two boundaries and like the 
psychophysical volume ofHeigas et al. (2003) the size of these volumes is variable. The outer boundary is defined 
by the lead time of the pedestrian (as defined earlier). Instead of using a set distance for a boundary as in (Sakuma, 
Mukai et al. 2005), each pedestrian has a personal lead time, and if another pedestrian poses a future threat in that a 
collision will take place within that lead time period, then an avoidance maneuver is prescribed by that pedestrian. 
This use of time is more appropriate since it takes into account the speed of both pedestrians; thereby, allowing a 
pedestrian to compensate for how quickly the threat is approaching giving them sufficient time to react. This lead 
time is adjusted in response to changes in crowd density as prescribed Fruin ( 1971 ). The inner boundary is provided 
for those cases where an adjustment is made (by the pedestrian themselves or perhaps someone else) that results in a 
sudden encounter of another pedestrian collision threat deep inside the outer boundary. Such a relationship will 
require a drastic _change ( e.g., stopping, or side-stepping) to .avoid a collision. 
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Figure 2: Changes in Trajectory 

In ISAPT, the avoidance behavior of the pedestrian depends on the distance between the pedestrians. In a manner 
similar to (Sakuma, Mukai et al. 2005) and Heigeas et al. (2003), ISAPT recognizes two boundaries and like the 
psychophysical volume ofHeigas et al. (2003) the size of these volumes is variable. The outer boundary is defined 
by the lead time of the pedestrian (as defined earlier). Instead of using a set distance for a boundary as in (Sakuma, 
Mukai et al. 2005), each pedestrian has a personal lead time, and .if another pedestrian poses a future threat in that a 
collision will take place within that lead time period, then an avoidance man~uver is prescribed by that pedestrian. 
This use of time is more appropriate since it takes into account the speed of both pedestrians; thereby, allowing a 
pedestrian to compensate for how quickly the threat is approaching giving them sufficient time to react. This lead 
time is adjusted in response to changes in crowd density as prescribed Fruin ( 1971 ). The inner boundary is provided 
for those cases where an adjustment is made (by the pedestrian themselves or perhaps someone else) that results in a 
sudden encounter of another pedestrian collision threat deep inside the outer boundary. Such a relationship will 
require a drastic change ( e.g., stopping, or side-stepping) to avoid a collision. 

In the scenario of Figure 2, pedestrian #2 has a longer lead time than #1 (3 seconds versus 2.5 seconds); therefore, it 
detects and reacts to pedestrian # 1 before pedestrian # I ever reacts. This is the reason why the path of pedestrian # 1-
is unaltered. If they have the same lead time, then both pedestrians will notice each other and make subsequent 
adjustments to their path (as shown in Figure 3). · 

Behavior H is a function of the method used to determine what overall paths a pedestrian will follow as they 
navigate to their destination. The idea is that they will choose a path that· results in a streamiined path from origin to 
destination. This is the idea of smoothing a path of sharp edges. This behavior is not embodied at the collision 
detection and avoidance level, but manifested at the strategic and tactical planning levels where. paths are determined 
and re-evaluated on a periodic basis. 

675 



Proceedings of the 2007 IEMS Conference 

Figure 3: Reaction as a function of pedestrian lead time. 

Passing Strategies . 
The behavioral strategies for passing (behaviors I through K) are implemented within the steering system of ISAPT 
with observance of behaviors I and K shown ~ the figures above. As described above, when a pedestrian within th~ 
outer boundary represents a collision threat then a temporary modification of trajectory is considered. When 
deciding on how a pedestrian should avoid a potential collision, most systems only consider the position and 
direction of the one pedestrian threat they are facing ignoring any other pedestrians in the immediate area. Aside 
from Feurtey's (2000) use of a complex analytical approach that does take into account multiple pedestrians in · · 
determining a pa$, only some of the 2D grid-based·approaches will make limited consideration of others in their 
rule-based approach, but even in these cases the extent of consideration is not robust and limited by the number of 
rules employed. The ISAPT system has the capability to consider all pedestrians in the immediate area of the threat. 
The system first looks ahead to the identified pedestrian threat and divides the FOY into two halves (left and right). 
It then computes a density measure for e~ch area that takes into account the distance and relative direction of each 
pedestrian in each half of the FOY. The equation is: · 

. ~ (direction . ) Density Measure= LJ . ' 
; distance; 

(4) 

Pedestrians moving in the same direction are favored over those moving in the opposite direction. The further away 
a pedestrian is the less impact it has on the measure. Following consideration pf all other pedestrians in the area, the 
pedestrian's avoidance maneuver will be to the side with the smaller density measure. The density considerations of 
individual pedestrians are what lead to lane formation in pedestrian traffic. This behavior is illustrated in Figure 4 
where one can see that the pedestrian has favored ( as it should) the side with those pedestrians moving in their same 
direction. Even though passing to the left of the threat (pedestrian #5) is possible, this would place the pedestrian in 
a flow counter to their own. In the situation where the density values are equal, then if the threat is approaching the 
pedestrian from the front, a right side pass is favored ( as per behavior I) and if the pedestrian is approaching the 
threat from behind, then passing left or right is chosen with equal probability ( as per behavior J). 
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Figure 4: Passing strategy employing density measure. 

Distance Between Obiects 
Behavior L involves keeping a minimum distance from other pedestrians. · This is controlled by that inner boundary 
that was mentioned earlier. When the inner boundary of a pedestrian is penetrated, then using the logic discussed in 
the sections above, they will either slow down, stop, or move aside depending on the -position of obstacles in its 
immediate ,area As was shown in Figure I b, even though pedestrian # I was-traveling faster than the other 
pedestrians, pedestrian # I adjusted their pace to essentially maintain a constant distance relative to the other 
pedestrians. This will continue until something in the environmen~ changes ( e.g., another pedestrian moves out of 
the way or changes their speed). As per behavior M, each pedestrian has their own value for this inner boundary 
representing their personal comfort zone, which is currently set to values on the order of O to 0.5 meters. However, 
at this time, this distance.is not a function of the obstruction type. 

CONCLUSIONS 
The functionality and effectiveness of IS APT will d~pend on its ability to realistically and accurately portray 
pedestrian behavior. Developing the simulation program with the consideration of observed behavior will help 
ensure this accuracy. The initial development of basic navigation behaviors has been accomplished. These include 
basic walking behaviors, travel towards a destination, ·collision avoidance through speed and trajectory changes, and 
passing strategies. Future work will include conducting human studies to validate the simuiation model. 
Additionally, ISAPT will be expanded to include the. concept of agendas incorporating more advanced pedestrian 
maneuvers and planning tactics. 
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USING RFID TECHNOLOGY TO IMPROVE HEALTHCARE SERVICE IN EMERGENCY ROOM 

Derek Craig, Christopher Crawford, Nabeel Yousef, Jose Sepulveda 
University of Central Florida 

ABSTRACT 
Hospitals today are struggling to provide care to patients in a time of economic change within the nation's below par health 
care system. Incurring billions of dollars in bad debt each year from shrinking resources, declining reimbursement rates, 
and bearing the burden of uncompensated care, hospitals are looking for new ways to improve patient flow. Consequently, 
a lot of hospitals are dealing with severe c~pacity challenges such as long waiting periods for emergency room patients and 
overall poor patient flow. Constraints on capacity affect service quality as well as physician and patient satisfaction. They 
hinder hospitals' ability to build new markets, service lines, and revenue streams. Patient flow integration and 
transformation are solutions to some of these problems by focusing on making key process and technology changes. 

. Changes such as implementing an RFID (Radio Frequency Identification) based system that could help in monitoring 
patient movement as well as nurse and doctor locations in emergency rooms. The RFID will aid in locating resources to 
measure the amount of and how much direct care the patient receives. By placing wristbands on patients and tags on nurses 
and doctors, the RFID will be scanned through systems mounted antennas on doorways to rooms, labs, and X-Ray rooms. 
The use of this technology, used now on turnpikes and expressways across the nation, could help improve the service in 
hospitals and emergency rooms dramatically. 

INTRODUCTION 
Hospitals today are struggling to provide sufficient and timely healthcare to patients, while the demand for patient care is 
continuing to increase. According to the Institute of Medicine of the National Academies the nations hospitals are in critical 
condition. They state ER visits will increase dramatically in the next 50 years as the population ages. Many hospital's · 
emergency departments are currently suffering from severe overcrowding and ever-increasing wait times. The 
overcrowding is causing-patients to be boarded in hallways and is causing unnecessary wait time. These trends result from 
increased patient demand at a time when the number of emergency d~partments has declined and hospital ·patient capacity 
has lagged. (Siegel, Williams, & Wilson, 2005) There are many possible reasons for this .dilemma. The Emergency Medical 
Treatment and Labor Act of 1986 (EMT ALA) mandates that any patient that goes to the Emergency Room for treatment 
must be provided a proper medical examination. This act greatly burdens hospitals further by requiring all patients be seen 
regardless of their condition. Many overburdened physic:ians refer patients to Emergency Rooms because of there own lack 
of capacity, and they view the ER as a comprehensive diagnostic center. (Siegel et al., 2005) Many hospitals also suffer a 
lack of proper staffing of nurses, doctors, and specialists. According to the results of the AHA survey of Emergency 
Departments and hospitals' <;apacity by the Lewin Group, the majority of hospital's ERs perceive that they are "at'' or 
"over'' operating capacity, which cause greater waiting time (Lewin Group, 2002) . . 

PerttatofBospitals Reportilg ED Capacity Issues by 
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Figure 1: Reported Capacity Problems for Emergency Departments 
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Figure 2: Longer Time of Treatment as a Result of Capacity Constraints 

Patient flow is greatly affected through the system due to overcrowding. Patients are forced to treatment .in uncustomary 
locations, such as hallways and other out of sight locations. These patients can be lost in the system due to the lack of 
control of resource allocation and the lack of ability to monitor the progress of patients moving through the system. This 

· can decrease the ·effectiveness of a patient successively going through the system, because there is no assigned order to the 
process. Customer satisfaction and resource effectiveness are greatly decreased because of the long .waiting times and 
overcrowded conditions. ·. 

Many improvements are necessary to adv~ce the current state of hospitals including Operations Resear~h techniques and 
electronic tracking devices~ Electronic tracking devices are one of the most evolutional ideas that can be implemented in the 
medical care system. One of the types of electronic tracking devices that can be extremely efficient is the Radio Frequency 
Identification device (RFID). RFID can b~ used to effectively increase patient care, while decreasing the time the patient is 
waiting in queue. Hospital staff can effectively track and monitor a patient's movement through the system and allow 
nurses and doctors to easily identify .a _patients needs electronically. It is customary that patients with more criticai ailments 
be given higher priority while patients with less severe conditions are forced to wait. Implementing RFID into the system 
this will help decrease the waiting time for·minor patients by allowing the staff to have constant visual monitoring. RFID 
can· also be effective in tracking and monitoring nurses and doctors. By keeping track of their progress throughout the 
hospital, managel,llent can monitor the efficiency of the staff. The tracking and dispensing of hospital assets such as medical . 
equipment, medications, specimen tests, and other pertinent information needed by the hospital staff can also be tracked by 
RFID. RFID can ·significantly improve the processes in a hospital by visually identifying important historical data. 

TECHNOLOGY OVERVIEW 
RFID, or Radio Frequency Identification, is a common term used today to describe technologies that allow objects to 
communicate information about them using radio waves. This technology has been around 30 years and until now, has 
been too expensive and too limited to be practical for applications other than the military. According to Wikipedia a similar 
technology, the IFF transponder, or the Identification Friend or Foe system, helped differentiate between friendly and 
enemy airplanes and is the foundation in which RFID developed. Below is picture that gives the idea of the IFF. 

INTERROGATOR 

Figure 3: The Idea of the Identification Friend or Foe system 
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Since IFF, RFID has evolved tremendously. The past decade has seen decreasing prices, increased interest, and increasing 
mandates in large-scale adoptions by organizations such as Wal-Mart and the US Department of Defense. Both Wal-Mart 
and the Department of Defense have requirements that their vendors place the tags on all of their product shipments to help 
improve supply chain management. Because of their organization sizes, the mandate affects thousands of companies 
worldwide! Implementation of the RFID systems, however, has produced difficulties and caused them to extend deadlines 
several times. 

According to Brad Geiger, Manager of the University of Wisconsin RFID Lab, a basic RFID system consists of four main 
components: tags, antennas, interrogators/readers, and software. RFID tags are typically made up of a microchip with an 
antenna and can be broken down into two groups: active tags and passive tags. Active tags have batteries,·which are used 
to run the microchip's circuitry and continuously broadcast a signal to a reader. Active.tags produce a signal that can reach 
a little over 100 feet. Passive tags on the other hand, reach a maximum of only 10-15 feet, have no battery or power source, 
and draw from the reader. The antenna collects data from the tags and passes the information to the reader. The reader can 
perform some operations on the data the data is passed on to the computers that can make use of it. At this point, the 
question of whether or not there are any health risks associated with RFID and radio waves might come to mind. RFID 
uses the low-end of the electromagnetic spectrum and are relatively harmless. According to the RFID Journal, the waves 
coming from readers are no more dangerous than the waves from a car stereo. 

RFIDs are superior to many other forms of identification, because they require no line of sight in order to be read and can 
be encased in many different types of materials that can protect them from the environment. RFIDs can be read from large 
distances, at high speeds, and multiple items can be read simultaneously. RFIDs can also be programmable to allow for 
greater versatility in its use. 

Another common question when dealing with RFIDs is, that if they have been around for so long and are so great, then why 
isn't everyone using them? The answer to this question is simple. There are several companies that have invested in RFID 
systems to acquire the benefits that they offer. However, most of these investments have been made in cases that deal with 
closed-loop systems-that is, companies that use it, track the goods and the RFID never leaves their control. The problem 
lies between the companies that produce RFIDs. If company A puts an RFID tag on a product, company B can't use the 
data from the RFID unless the RFID system comes from the same vendor. According to the RFID Journal, another 
problem for the lack of RFID use is cost. The readers normally cost $1000 or more and companies might need thousands 
of readers to cover all of their factories, warehouses, and stores. The tags themselves are also fairly expensive. They can 
range from 20 cents or more a piece, making it impractical for tracking millions of items that cost only a few dollars to 
construct. 

Applications for RFIDs are 9nly limited to the individual's imagination. Currently, applications range from expressway toll 
booths to tracking cows or pets. Most commonly it is used for tracking goods in a supply chain, assets, and parts moving 
from one place to another in a production line. It is also used in some cases for security and payment systems. 

RFID IN HOSPITALS 
During today's fast paced hospital environment the neeq to have a visual .control ofpharmac~uticals, movable equipment, 
medical devices, doctors, nurses, and laboratory specimens is essential. The tracking of a patient's location and treatment is 
also of extreme importance. Most of the hospitals today, however, have a lack of visual control of their resources and 
patient flow which results in the reduction of quality in patient care. The lack of control creates overcrowding, customer 
dissatisfaction, malpractice lawsuits, and inefficient resource allocation. The cost to the hospital is tremendous and without 
improvement the nation should expect a loss in medical.treatment resources and quality. 

RFID is the solution to current state of hospitals. RFIDs hav(? the ability to track all of a hospitals resources and patients 
with high degree of efficiency and reduce costly wastes. Toe following table shows the seven wastes of health care that can 
be improved through the use ofRFID. (Correa, Gil, and Redin, 2005) 

Employee Tracking 
Employee tracking is done by immediately locating and tracking a hospital employee, nurse or doctor, within the hospital 
boundaries. RFID allows employees to be tracked and located at any given time. The employee wears at type of RFID tag, 
usually a wrist band, which can then be read by RFID antennas that are located within the hospital. The tracking of hospital 
personnel can improve the efficiency of patient care, employee accountability, and the security of the personnel. 
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Figure 4: An Example ofRFID Wristband 

682 



Proceedings of the 2007 IEMS Conference 

When a medical emergency occurs, RFID allows the closest and most suitable personnel to be easily identified from their 
location within the hospital. The employee can then be quickly dispatched to handle the emergency. This can greatly 
improve efficiency of patient care by allocating the right employee to the right patient at the right time. Nurses, doctors, and 
other employee personnel can wear RFID tags and their location throughout the facility can be displayed to other medical 
personnel of that particular employee's location. 

As with many professions in the U.S. it is difficult to always hold company employees accountable for their productivity. 
By using RFID hospitals can visually see the movement and productivity of their personnel, and allow the mangers to have 
a higher degree of accountability of their employees. · 

Employee safety can also be greatly improved. According to the U.S. Department of Labor's Bureau of Labor Statistics, 
nurses and other hospital staff were the victims of almost 5000 assaults in 2004. Through the use ofRFID hospital 
personnel could be easily located quickly in the event·of an assault. 

Patient Tracking and Safety 
No healthcare organization ever has intention of malpractice, but eventually errors occur and at an alarming rate. (Geiger, 
2006) Improving patient safety, therefore, is possibly one of the most important applications ofRFID in hospitals today. 
Tracking patients can be used to improve the safety, and by tracking employee locations too; the ability for a quicker 
response to critical events is possible. Most patient tracking refers to the ability to easily identify and track a patient, 
wearing some kind of RFID tag, ·either a wristband or ID badge, within a designated area. 

About three years ago, Mercy Hospital in Minnesota began looking for a way to prevent wandering patients and increase 
security, without inhibiting anyone's rights to privacy. The Hospital started issuing RFID bracelets to some of its at"'.risk 
patients and when a patient came in a close proximity to an exit, maybe a hallway or stairwell, an alarm would sound 
notifying nurses and other security personnel that a patient was on the move. In the end, Mercy hospital ended up saving 
$110,000 on security rel~ted costs according to an article in E-Health and Medical IT Solutions. 

Figure 5: Monitoring Patients Prevent Wandering 

Another application of RFID technology relating to patient safety, is matching the medication or blood unit with the correct 
patient. This is commonly referred to as Positive Patient Identification. Currently, bar-coded admin,istration systems 
dominate this field and RFID technologies are not likely _to replace them anytime soon. However, ·many people probably 
don't know about what the RFID systems have to offer. Compared to bar-codes, the RFID medication administration offers 
a more automated process, improved patient comfort, and are just all around easier to use! Below is a picture of it in use. 
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Figure 6: Matching Medica~ion with the Correct Patient 

An article by Dr. Bill Crouse in a Microsoft Health Providers Journal, mentioned a medical center called Jacobi in'New 
York, which had an application of this. Nurses there used a Tablet PC to match RFID tags on patients' wrists with packets 
of medication. The match properly identifies the patient and ensures that he/she receives the right dose at the right time. 
This reduces the risk of medication errors, in which administration of medication is the leading cause of error. 

Incidence of Medication Errors · · 

Souices: Calilor"ia Healthcare foundalioi,. ONo \falley General Hospital 

Figure 7: Medication Errors 

In addition to ensuring proper medication administration, it automatically creates an electronic record of the nurse's visit. 
This can ensure that more direct patient care time is allocated. Gartner, Inc., a leading provider of research about the global 
IT industry, states that, "as RFID technology continues to mature, it is almost certain to become an essential tool in helping 
care delivery organiz.ations to decrease their error rates, increase staff satisfaction and constrain costs." 

Another exciting application ofRFID technology in healthcare deals with mother/child mismatches and infant kidnapping 
from the hospital nurseries. At the Lucille Packard Children's Hospital in Palo Alto, California, RFID technology.is a 
solution to this problem. An RFID tag constructed as ankle bracelet is attached to newborns and when the infant is 
removed from the nursery without permission an alarm sounds. This is an example of a kind of inventory control that 
touches the heart of any parent. 

Figure 8: RFID for New Born Babies 
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Asset Tracking 
RFID can effectively be used to track many hospitals assets. In many occasions' nurses, doctors, and other hospital 
personnel find themselves hunting down essential hospital equipment and medications, at times when they are needed for 
medical situations. RFID can effectively locate a needed asset by showing the hospital employee where that particular 
device or medication is located within the hospital, thus reducing the time that it takes for hospital staff to respond to 
emergencies. RFID could also prevent vital hospital equipment from being moved outside the bounds of its intended use 
area. 

Process Improvement 
In an article about Six Sigma and RFID, written by Michael Sullivan of UPS Supply Chain Solutions in 2005, Sullivan 
states that a growing list of businesses have embraced the main concepts of the Six Sigma methodology, which was made 
popular by Motorola and General Electric over the past decade. Today, many organizations refer to Six Sigma as a measure 
of quality that strives for near perfection. It is mostly a data-driven approach used to eliminate defects within six standard 
deviations between the mean and nearest specification limit (iSixSigma.com). DMAIC, an acronym for key phases of the 
Six Sigma methodology, Define-Measure-Analyze-Improve-Control, mixed together with RFID technology today can 
provide a powerful combination that can help better process improvement. How well the objectives are defined is vital to 
the performance of a Six Sigma project. The first stage of the methodology, define, often unveils the data requirements 
needed for the next step. The measurement phase, the next step in the DMAIC methodology, is where most of the data for 
the project is collected. By using RFID technology, acquisition of more comprehensive, accurate, and time-sensitive data is 
possible. By combining radio frequency tags, interrogators, and information networks, RFID can automatically collect data 
and manage it for process automation, asset tracking, error prevention, and identity assurance. In hospitals, applications 
specifically focusing on the movement of patients, staff, equipment and equipment in the emergency department could be 
studied to uncover some process inefficiencies, underutilized space and assets, and even the root cause of certain medical 
errors. 

CONCLUSION 
The use of RFID can minimize patients waiting time and increase the efficiency of the ER. RFIDs are effective in the 
tracking of employees, patients, assets, and process improvement. RFID is a proven technology that has increased the 
effectiveness of many service sectors and has the ability to reverse the current trend of ER shortcomings. RFID will 
productively utilize physicians and nurses time while allocating stati<:>ns and rooms appropriately. 
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ABSTRACT 

. The planning process holds, more and more, an important role to achieve the enterprise's objee:,~ves, due to the con
tinuous aggregation of companies in network (Supply Chajn) which needs a major coordination of business activi
ties. To evaluate and analyze the phases of this process, therefore, can both make better enterprises' performances 
and consolidate the links between the factory' and its partners. An overall view about the needs of company functions 
(administration and finance, marketing; production, etc.) allows who plans to follow the guide-lines marked out by 
business strategy. 

From this point of view, the following paper defines a methodology to realize.a cockpit to evaluate·the planning ac
tivities. It can be adapted to the user's requests and so to the business environment where it will be used. Moreover, 
it aims, not only to provide a synthetic but complete description of planning quality, but, also, to allow both planners 
and managers to verify in progress if the choices are in line with enterprise's strategy. 

INTRODUCTION 
The high competition, due to the entry of young industrial countries on the global market, and the lowering of 
prices, due to the possibility to produce where the production costs are lower, push enterprises t<:> innovate their 
products more often. At the same time, the consequent and further reduction of product live has pushed the compa- -
·mes to reconfigure continuously themselves. The pursuit of optimization and the need to achieve a higher efficiency 
complete this environment. 

That could push enterprises to check the parameters of management both to reduce the costs and to achieve the fixed 
objectives; therefore, it is very important to understand, as short as possible, how these choices can influence the at
tainment of goals and costs. In the manufacturing industries, where planning and scheduling activities are very es
sential, it is necessary to increase ·the efficiency and the efficacy of available resources to realize the fixed objec
tives. 

Due the complexity of work, it could be interesting to check both the production and its planning, so who plans can· 
analyze the developing, solves, on time, the possible problems understanding the causes. For this reason, the purpose 
of the authors is to develop a dashboard for production planning activities: a dashboard, in fact, is an instruments 
panel that contains management and control tools which allow to verify the evolution of a manufacturing system. 
To develop a tool, uti_lized to analyze and control the production planning process, it is important to understand all 
the problems linked to it. Currently, this is characterized by different aggregation levels and time bucket; it follows 
the logic scheme of an MRPII system (Manufacturing Resources Planning ll [2] (Figure I), a world wide manage
ment instrument used in a lot of manufacturing companies [I]. 

The production planning and control process is developed in a hierarchical framework divided in three basic levels 
corresponding to Long-Term (strategy), Intermediate-Term (tactics) and Short-Term (control) planning. The first one 
depends on the market and the business strategy, so, it is not influenced by production planning activities. The out
put of this phase is like a guide about the input in the following phase. Instead, the Short-Term level is deterministic 
and characterized by an high degree of detail so, a good Intermediate-Term planning ·can me~, often, a good Short
Term one. For these reasons the Intermediate-Term planning is important because who plans decides agreeing on 
strategic choices ofprevious phase and to facilitate the scheduling in the following one. 

The present work focuses on the evaluation of Intermediate-Term planning activities, in particular on the followings 
(Figurel): 
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Figure I: Flow chart of a MRPII system [2] 

• The RCCP (Rough-Cut Capacity Planning). It is a quick control on the available resources to assure it is possi
ble to realize the MPS (Master Production Scheduling). In this phase, it considers· also the utilization and the ef
ficiency ofresources [2][3]. If the RCCP reveals that the key resources are inadequate, the MPS can be revised. 

• L'MRP (Materials Requirements Planning). The core of production planning process is divided in different 
steps: Lot-Sizing, Netting, Offsetting, and BOM (Bill of Material) Explosion. Each step is repeated until all levels 
of the BOM are processed to obtain, for each part number, the MRP's output (planned order release, change no
tices, exception notices) (Figure2). 

Inventory status 

releases 

Figurel: The MRP scheme [2] 

Scheduled receipts 

Explosion 
notices 

• The CRP ( Capacity Requirements Planning). It is a technique used to verify if the capacity to process all orders· 
generated by MRP within planning horizon is sufficient. It provides a detailed capacity check on MRP-generated 
production plan. When the workload exceeds capacity, the.planner can decide to modify the MPS-or available 
capacity or utilize the FPO (Firm Planned Orders) [2]. 

LITERARY REVIEW 

In the 1998 some authors [10] analyzed previous research studies to highlight important param~ters which affect the 
effectiveness of MRP system. After a brief description of MRP system by Vollman [ 6], they· affirmed that the pa
rameters of MPS influence the performance of the MRP ,systems. At the end they classified the literature into seven 
groups related to the following seven parameters: 

• MPS frozen interval; 
• MPS re-planning frequency; 
• MPS planning horizon; 
• Product structure; 
• Forecast error; 
• Safety Stock (SS) and safety Lead Time (SLT) [l 1][12][13]; 
• Lot-sizing Rules (LSR)[l4]. 
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In many papers, it is analyzed, also through the simulation of peculiat environments, the links between the different 
management factors and the performance of production planning process. Moreover, others studies highlight the in-
fluences of management factors. · · 

T . S. Lee et al. [15] propose the total costs (defined as the sum of Total Inventory Cost, Total carrying cost, Total 
. set-up cost and Total shortage cost) and the timeless (including both the number of shortage times and shortage 
units) like performance indicators. · 

Total carrying Total shortage Total·.set up Total cost 
cost cost cost 

Lot-sizing . 
POQ L4L L4L POQ · 

rules EOQ POQ PPB PPB 

Performance PPB EOQ POQ EOQ 
L4L PPB L4L L4L 

Table l: Performance of some lot sizing rules 

Taking into consideration the following independent variables: 

Total number Total number 
ofshortage ofshortage 

tomes .. units 
EOQ EOQ 
POQ POQ 
PPB PPB 
L4L L4L 

• LSR: Lot for Lot (IAL), Economic Order Quantity (EOQ), Period Order Quantity (POQ), Part Period Balancing 
(PPB); . 

• MRP structures: they consider four different levels of MRP structures. These were selected to represent varia
tions in the complexity of BOM. 

• Forecast Error Distribution: this is normally distributed with a specific mean and standard deviation. 
The ANOV A analysis were conducted and they show that a different LSR influences the performance when the 
MRP structure and the forecast error change (Table I). .. 
In another paper [16], the author studies how the SS and the Safety Lead Time (SL'J) influence the total production 
cost (Inventory holding costs, backlog costs and set-up costs) and the stock out level (the percentage of the average 
cumulative external demand not meet immediately from production). The following assumptions are made: the 
stocks out costs are considered to exist for externally demand items; no rescheduling over the fixed planning horizon 
(30 d.) is considered; three alternative product structure and external demand as well as the lead time have a sym
metric triangular distribution ( at all le\;'~ls ). The results obtained show that: 

• In case of high demand variability and low lead time variability, the lowest costs are obtained by using the safety 
stock (SS). . 

• In the case of high variability of demand and lead times, at the same time, the lowest costs are obtained by using. 
the safety lead times (SLn. 

•Fora low stock-out/inventory holding costs ratio, the SS principle dominates in ~11 cases. 
• However the SS is the best choice for small values of demand variability, and the SLT for greater values. 

In the 1998/1999, Chrwan-Jyh Ho et al. [17][18] evaluated the effectiveness of alternative lot-sizing rules consider
ing the total cost like the sum of inventory carrying costs, set-up costs and rescheduling costs (MRP nervousness 
costs). They analyzed a _multi-product environment, without forecast demand error, seasonal patterns, SS and SLT, 
with the absence of beginning inventory for all items, a weekly regenerative MRP system, a service level of 100% 
and a planning horizon of 12 weeks. The results showed that MRP system using LFL, EOQ and S&M (Silver-Meal 
discrete lot-sizing heuristic) become more nervous than using PPB (Part Period Balancing, look forward or look
back) and LTC (Least Total Cost); however, the S&M is still the best in terms of total cost. Some researcher [19] 
have suggested two performance measures that are the percentage of late units and inventory carrying costs, related 
to MRP's advertised advantages, timeless of delivery and timeless of supply. In the 1997 Zhao and Lam [20] built a 
simulation model, deeping their previous studies [21 ][22] aboufhow the LSR can influence the MRP nervousness 
and MPS freezing period parameters. They found [22] that LSR has a significant impact also on inventory costs and 
schedule instability. They simulated, in the 1997 [20], a multi-product make-to-order environment with a service 
level of I 00%. The group of independent variables is the "environmental factors": product structure, demand pat
tern, cost parameters, LSR. To evaluate the performance ofMRP system, two dependent variables are used: total 
inventory cost ( estimate like the sum of inventory carrying costs and production setup costs) and the schedule insta
bility (nervousness). Among the 14 LSR included in their studies the MSM/LFL (Cost-Modified Silver-Meal/Lot
/or-Lot) is the best rule according to both total cost and schedule instability. 

Years later, Xiande Zhao et al. [23], using the MSM lot-sizing rule in a company which .produce the product accord
ing to market forecast, evaluated the relationship between system performance measures (total cost, schedule insta-
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bility and servic~ le~el) and ~e SS multiplier (Z) or coverage (CV). Analysis of the simulation outputs reveal the SS 
~overage (CV) s1~1ficantly mfluences the total cost in a multi level product system; instead, the SS multiplier (Z) 
mfluences all considered dependent variables. At the end they affirmed that using a safety stock at the end-item level 
helps to improve the performance of the MRP system. 

~ahl and Ri~~ in the 1984 [24] built a no linear heuristic algorithm (M.I.N .P .L.) to find the best LSR consider
m~ the prod~c~on seque?ces, set-up costs, overtime costs and the inventory holding costs. They assumed that re
qurred capacities are_avadable, there are not restrictions on the amount of possible overtime but backorders and 
shortages at the end-item level are not allowed in order to control the influences of nine variables on the different 
LSR. These variables are: capacity availability (shop); end-item demand variability, commonality (end-item); set~up 
time, LT, number of operation per component (component); overtime cost, end-item inventory costs, component in
ventory costs (cost). The analysis of the results shows that worst performance ofLFL rule is when both set-up and 
overtime costs are high and demand variability is low. When both the variability demand and capacity availability 
are high the worst LSl_l is the Wagner-Whitin. 

Buzz.acott e Shanthikumar (1994) [25] asserted there are two management parameters which determine the perform
ance of a MRP system and they are the LT and the SS. In any production inventory system, these parameters are a 
trade off between the inventory cost and stock out costs. High LT and high SS result in high inventories but minimal 
risk of stock out while low LT and low SS reduce inventories but increase the risk of stock-out. The results, obtained 
on a system characterized by Poisson demand and exponential processing times, show safety lead time is preferable 
toss. 

In the 2002, Enns [26] studies, using a simulation model, the effects of forecast bias and demand uncertainty on a 
MRP system. The scenario, chosen to evaluate the performances, is a multi-items (two types ofFG), non-stationary 
demand patterns, and with a sinusoidal pattern. The performance measures are the MPS lateness, for an internal 
point of view, and the delivery lateness for the customers; a negative lateness value indicates that production is fin
ished early. In the same paper he showed that increasing planned lead time and adding SS are both effective in im
proving the customer delivery service level; obviously, the issue consider a trade-off between finish goods holding 
costs and tardiness costs. However, the use of extra planned lead time versus _SS does a significant implication for 
internal performance evaluation; increasing a SS will not reduce MPS tardiness but increasing planned lead time 
will. Previous year [27], the effects of LSR and LT setting were evaluated in a production environment characterized 
by a product assembled with common components. The three me~ures used to check the performances were late
ness, tardiness and percent tardy, considering, also, inventory holding costs and WIP. 

K.H. van Donselaar et at. [28], in order to minimize the inventory and the system nervousness with a fixed customer 
service level, found that, with more demand variability, more inventory and more safety stock are needed to obtain 
the same service level; moreover, using a FOQ rule when the lot-size are bigger the amount of inventory increases 
while with a POQ rule there is an increasing of system nervousness. The analyzed scenarios are characterized by a 
two final item with only a component, changing the dem~d variability and using the FOQ and POQ as LSR. 
In the 1987 [30], Karmakar analyzed the relations between LSR and size of WIP and inv_entory in a job-shop. He 
found that there are many costs associated with LT in.manufacturing facilities. Usually larger lead times lead di
rectly larger WIP, as an elementary application of Little's law shows [2]~ Moreover, long LJ' forces final schedules 
to be frozen over long horizons, thus increasing the chance of schedule changes. Also the SS is linked to long LT: in 
fact, they must protect against longer lead time so SS can be. expected to grow more than proportionally with longer 
LT. Finally, the competitiveness of.the firm can be eroded by the poor flexibility and distant due date due to the long 
LT. 

At the end, Anders, Molinder and Jan Olhager [29] studied the effect oflot sizing on actual cumulative lead times in 
multi-level systems. They considered multi-item scenarios with different demand variability an? the ratio_between 
set-up costs and holding costs. The results shown that LFL has no much effect at all, followed, m decreasmg per
formance, by S&M, POQ, EOQ, FPR (Fixed Period Requirements). 
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MODEL FORMULATION 

To realize a monitoring dashboard it is necessary to define performance indicators which allow providing a measure 
of the planning process' quality. So, the global problem is divided in more sub-problems by a top-down analyse. It is 
schematized through a pyramidal shape (Figure 3): at the top there is the production planning and control function. 

Su~bjectives 

Requirements 

Figure 3: Pyramidal logic scheme 

The first lower step is represented by the companies' functions which have some objectives influenced by planning 
process (Figure 4). · 

Figure 4: Business Functions 

For each function, it is considereq the objectives and sub-objectives that can be influenced by planning choices. To 
attaint each objective, several "requirements" have to be satisfied; they are linked to the levers controlled ~y planner. 

1.1. Research design 
At the end of the top-down analysis, after fixing the requirements, it is necessary to define the measure method and 
the horizon time of the planning process (Figure 5). -----PCP 

Combination -1 Weights I 
O~jectives Indicators 

Combination .-1 Weights I 
Sub-o~jectives Indicators 

I l~I I Combination Weights z 
II Requirements Indicators H 

' c::: REOUIREMENTS' MEASURES > 
Yagure 5: Pyramidal operative scheme 

The measures of requirements, for each time bucket, are used to calculate the first level indicator (Requirement Indi- . 
cator JR). The IR are the start point ofa bottom-up process (the inverse of the top-down one, (Figure 3)). To go up 
stairs, step by step, the lower level indicators are put together, obtaining the indicators of the upper level, that are 
Sub-objective Indicators (JS), Objective Indicators (/0) and the Synthetic Indicator PCP (JP) (Figure·5). This struc
ture is similar to the Bill of Material and so we have called it "Bill oflndicators" (BOO. 
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The result will be a dashboard that shows the indicators' value (for each time bucket) and allows understanding how 
the background evolves. Moreover, the tool allows to visualize the indicators' trend in the interval of time defined 
by user. 

The Logic of the Dashboard 
The steps to define and calculate the indicators' values are: 

J, It is necessary to fix the observation start time {t0 ) and the time bucket ( M = t; - t;_
1 
). It is important to 

select a method to make dimensionless measures of requirement; this to make them variable in the interval 
[O; I] and to measure a positive change of requirements when they increase their values. · 

.2. the average m~ and the gradient of linear regression line a~ are calculated, in the time bucket 

F;(F; = n * M ), using the ~easures ofjth requirement in the same time .(Figure 6). 

Figure 6: Measures of requirement indicator ~ in the time-window F; 

a~ and m~ are components of the vector: 

Requirement Indicator (/R): IR:~ = (m~; a~) 
\ii,i = l...w \ij,j = 1...n, where n are thete~uirements (Figure 9) 

This shows the trend ofjth requirement in the time periodF;. When an increase of a requirement measure 

corresponds with an ~crease of the requirement the a~ is used,· otherwise it is used its opposite. The col

lected data fill in the following matrix (Table 2). 

~ F. ... Fw-l Fw 
, 

I im:•a11 
' I 

... I ~w-l.aw-1 1 
' I 

~w;atl 
2 lm1·a1) , 2, 2 

I w-1 w-1 1 mi · ;a2 1m;;a; I 
3 ... ... ... ... 
... ... ... ... . .. 

n-1 ... ... ... ... 
m1.a1 w-1 w-1 m;;a; n n' n ... mn ;an 

-F. 
Table 2: Matrix of reqµirement indicator 1RR

1 

..1 the components of matrix in Table I are matched to obtain the vector: 

' -Fj ( Suh1 Sub1 ) L'C'F1 ( • h L'DFj ) . Sub-objective Indicator (/S): /S sub1 = m; ;a ; = osuh1 wezg ts, .I\.R1 

Vi,i = 1...w Vk,k = l...p , where pare the sub-objectives (Figure 9) 

Vj, j = I ... f , where fare the requirements linked to the kth sub-objective (Figure 9) 
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The combination follows a bottom-up procedure, considering the links showed in Figure 9; moreover, some 
weights, which can be defined by users according to the environment, are utilized. At the end, it will have a 

new matrix like that sho~ in Table 2 (Sk/ F; ). 
The final interface of dashboard is shown in Figure 7. 

. -F 
4.: To go up from sub-objective level to objective level, the components sub-opjective indicators, IS s~bt , are 

combined using the same scheme of previous step and the links sl;lown in the Figure 9. In this way it is de
fined the vector: 

Objective Indicator. (/0): /O~b, = (m~t ; ati, ) = iO~b, (weights, Ws:.i,, ) 
Vi, i = l...w \/ q, q = l...z, where z are the objectives (Figure 9) 

V k, k = 1 ... h, where h are the sub-objectives linked to the qth objective (Figure 9) 

lnd1ce d1 Subobiettivo GJ~[El Andamento lndice di Subob1c-ttwo l"=-7~ ~ 

Figure 7: The dashboard interface Figure 8: Evaluation of planning activities 

-F. 
~ The components of objective indicators IOJb

9 
are ~ombined to obtained a final indicator: 

PCP Indicator (/P): IPFi = (m;; a;)= IPFi ~esi, IO~b
9

) 

\/i,i = 1 ... w \/q,q = 1...z, where z are the specified objectives (Figure 9) 

. In this step the weights are chosen using the same logic of previous steps. 
The dashboard interface is shown in Figure 7 and it is the same for all indicators. At the end of the described process, the 
informative system linked to dashboard will have got a database with all indicators' values for each time-window F;. To 

. control the trend of the planning activities, it is possible to visualize, in a single window, the components of indicators' vec-
tor; the result is shown in Figure 8. · 
The user can choose to visualize, · as well as the indicator, also the number of time buckets F;; in this way it is possible to 
understand how the planning activities are evolving. 

From Business Functions to Requirements 
"Production management means to obtain and utilize information [ ... ] in order to coordinate suitably [ ... ] the flow of mate
rial and the allocation of productive and human resources, interacting with .customers and providers in according to the 
business strategy" [5]. Analyzing the planning process the objective and relative requirements are fixed, subsequently, by a 
bottom-up procedure, the functional link is defined (Figure 9}. 

The following part describes, in details and for each business function, the relations between the objectives and the linked · 
requirements. 

l... The purchasing office works to guarantee a regular flow of goods and services according to the business planning 
[7][8). 
The objective of this function, which can be influenced by planning activities, is: 
• A correct management of dates about purchase orders and deliveries. This objective is linked to the following re

quirements: 
♦ Optimization of released orders to guarantee a good management. 

. ♦ Timeliness to release purchasing orders in order to avoid accumulation of pressing requests. 
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.2. The Marketing is a function interested in achieving the customer satisfaction by exchange and delivery products' ser
vice and ideas from manufacturer to consumer (9]. For this reason, the objective is the "service level" which is related 
to following sub-objectives and requirements: 
• Customer satisfaction: 

♦ Optimization of finish good's stock (FG). 

♦ Flexibility to demand increasing in order to be able to satisfy the market request in quantities and time. 
♦ The right amount of delivery FG. 
♦ The respect of due date (DD) for FG. 

♦ Minimization of delivery time (OT), above all in competitive environment. 
• The respect of forecast quality control plans (the causes of no-quality unrelated to planning activities are ignored). 

The connected requirements are: · 

♦ Timeliness to release purchasing order to guarantee the necessary checks of row material with fixed provid
ers' LT. 

♦ Timeliness .to release assembly and/or production orders (part number PN), to avoid delays and to allow the 
respect of quality control plans . 

.1 The Finance/ Administration [8] (31] is responsible for cash flow and liquid assets. When the organization makes the 
management control, it checks the costs, as well. The objectives for this function are: 
• Availability of input liquid assets. The requirements linked are: 

♦ The respect ofFG delivery quantity with fixed payment due date, to obtain the planning liquidity. 
♦ The respect of DD for FG in order to have got the planning liquidity with fixed payment due date. 
♦ Minimization of the DT by a suitable utilization of available resources to obtain cash as soon as possible. 

• Minimization of the financial fixed assets which relative requirements are: 
♦ Optimization ofFG stocks (minimization). 
♦ Minimization of WIP. 
♦ Optimiza~on of row material stocks (RM). 

• To reduce the MPS costs. The requirements are: 
♦ Optimization of the released order number (trade-off between holding and release order costs)~ 
♦ Optimization outsourcing1

• · 

♦ Optimization of overtime. 
♦ Optimization of the MP stock. 

«. The Operations are interested in manufacturing of product. They have to respect quantity, _quality and costs fixed by 
company using the available resources and the established service level; they perform the planning activities [8], so 
the objectives are: 
• The respect ofMRP/CRP, with the achievements of the following requirements: 

♦ Timeliness to release purchasing orders in order to obtain the row materials on time. 
♦ Optimization of outsourcing planning. 
♦ Timeliness·to release assembly and/or production (PN) in order to respect the operative plan and avoid de-

lays2. . . · 
♦ Optimization of extra-capacity (EC)3

, if it is impossible to respect the operative plan usirig the available re
sources. 

♦ Optimization of the MP stock. 
♦ Saturation ofresources: to choose a big lot-size, for example, couldn't respect the· ·operative plan because of 

the resources are full up. 
• The respect of human resources planning means: 

♦ Optimization of outsourcing planning: it is po~sible to avoid a high overtime using the outsourcing. 
♦ Optimization of EC to reduce the.overtime. 

1 
The outsourcing is, in this context, the decision to buy something couldn't be made in-house 

2 Fixed run-time · 
3 

The extra capacity is the necessary overtime. 
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~ The Maintenance deals with the availability of company resourc~ and facilities [8](32]. The object of this function is: 
• The respect of the planned maintenance, so the requirements are: 

♦ Timeliness to release assembly and/or production (PN) in order to avoid delays and to allow the respect of 
planned maintenance. 

♦ The saturation of resources to avoid that the planned maintenance can occur at the same time of the resource 
overload. 

The Influence of Levers on Requirements 
The literature highlights the links between the management levers and planning activities; in particular, Table 3 shows the 
tasks of a planner and the levers he can use. · 

For each requirement (Figure 9), a planner is able to change these levers in order to modify the requirement and to achieve 
the objectives. 

Table 4 shows, briefly, the links, described afterward, that can exist between levers and requirements. 
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PHASE ACTIVITY LEVER 

RCCP 
I. End item; 

Check resources to MPS realiz.ation 2. Capacity changes; 
3. MPS quantities. 

Lot-Sizing Allocation of demand 
I. Lot-Sizing Rule (LSR). (holding costs; set-up; released orders) 

MRP Netting Net requirements (stock holder-gross 
I. Safety Stock (SS). requirements-SOM) 

Lead-time 1. Safety Lead-time (SL T); 

offsetting Time to release an order 2. release order politics (Start 
date; Due date). 

1. Due Date end item changes 
Check resources to MRP realiz.ation (MPS); 

CRP (MRP orders- work center capacity- 2. Capacity changes ( external 
manufacturing cycles) capacity, outsourcing); 

3. Orders Changes<MPS/MRP). 

Table 3: Phases. Activity and linked levers. 

I, The Start Date (SD)4 allows to reduce the WIP delaying of production start time (with a fixed Last Date5); it influ
ences both the release of purchase orders, considering the provider's LT and the time necessary to release the order, 
and the respect of DD6 for FG and PN. Moreover, the SD can, with a forward or backward policy, allow to minimize 
the DT and to realize a better management of resources. 

a To advance the DD could mean an increasing of the WIP at the PN level, and an increasing of stocks at the FG level. It 
can, also, allow respecting the delivery time for FG. In opposite, to anticipate the DD means lower the DT. Moreover, 
to modify the DD help to achieve a more saturation of resources. · 

J. The scheduled production in MPS (quantity) influences both the row materials and the saturation of resources. More
over, a suitable workload, period by period, allows to avoid the overtime (if the constraint is the human resource) and 
to best manage the ·outsourcing. At the end, it can be reasonable to divide this quantity in a more number of periods to 
respect the planned delivery but the DD could not be respected. 

" The LSR is an important lever in the planning process: the lot size influences the_ number of released order because 
there is a·trade off between the released order costs and the inventory costs~ In addition a big lot size can imply an in
crease of jobs' lead time and so there will be an higher WIP, a bigger saturation and possible delays in delivery time 
(toward the next station); moreover, a big lot size imply an higher stock of row material and FG and an increase ofDT. 

1. The SS (for FG) is a buffer of material that can-be utilized wheri it is necessary (unexpected events or changes in de
mands); for this reason, a good management of SS avoids urgent orders, allows a better flexibility in demand changing 
and a better probability to respect quantity (FG) and DD. Moreover, it allows minimizing the DT because th~ products 
are already available. At the end, a good measurement of SS allows a buffer usage when resources are saturated with
out having recourse to outsourcing, EC and overtime. But a big SS of FG implies an increase in inventory, row mate
rial and FG, stocks, due to the BOM exploiting. 

" Toe SLT: a big SLT could means a problem on punctuality; moreover, if the job is completed earlier big SLT implies 
an mcreasmg o f WIP d l turati f an a owsa on o resources. 

~ Start Due 
Date Date 

MPS RS 

(SD) (DD) 
quantity 

s 
;) 

Optimization released orders 

WIP minimization X X 

Optimization of row material X 
stocks 

Optimi7.ation of FG stocks X 

Timeliness to release 
X purchasing orders 

Flexibility to a demand 
increasing 

Respect of FG delivery X 

4 
Start time of a job. 

s The last date to start a manufacturing process on time and avoid delays. 
6 

The date when the delivery have to be made 

Lot 
Sizing 
Rule 

(LSR) 

X 

X 

x · 

X 
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Extra Capacity Outsourcing 
(SS)(FG) 

(PN) 
(EC) 

X 

X 

X 

X 
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quantity 

-Respectofduedate(FG) X X X X X 
DT minimization X X X X X X 

Optimization of extra capacity 
X X X 

planning ( outsourcing) 

Respect of PN delivery X X quantity 
Respect of DD (PN) X X X X X 

Optimization of overtime - X X X X 
~---

Resources Saturation X X X X X X 

Table 4: Func~onal-logic link between levers and requirements 

7.. The EC is the possibility to have overtime and increase the capacity; it can be translated in a high flexibility to the 
suddenly increasing demand. Moreover, it can be considered a lever and it could be utilized when it is impossible to 
respect deliveries, in time and quantity, both FG and PN. At the end, the EC helps to manage. at the best the outsourc
ing. 

" The outsourcing allows, when the demand raise or change suddenly, to augment the productive capacity; moreover, 
when it seems impossible to respect, in time and quantity, the deliveries ofFG and PN, it can try to use the outsourcing 
of some manufacturing activities. This lever allows to reduce and/or to avoid the overtime and to reduce the saturation 
of resources, as well but the outsourcing can mean to increase the LT and so the DT. 

CONCLUSION 

The idea to build a tool to evaluate the planning activities follows from the consideration that monit(?tjng own work is im
portant to obtain a continuous improvement; in this way, in fact, it is possible to operate on faults that could occur during 
the productive process. In this paper, the developed dashboard is able not only to provide a picture of the current studied en
vironment but to interact'with final user, who can adapt the tool to his needs; in this way he can check his work, as well. 
Moreover, the same tool can be used by different people in the company in according to own interests and points of view. 
Then, indicators and requirements have been defined in details. In particular in this phase it is important to indicate the ratio 
and the formula to calculate each indicator.level by level. Subsequently, it is defined the methodology to combine the .indi
cators and to choose the weights, level by level, as well. At the end; when the interface will be realized, the dashboard will 
be experimented in a real company to validate and prove the utility of the tool. 
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SIMULATION -AN INTEGRAL PART OF TEACIDNG AND LEARNING 
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ABSTRACT 
·simulation exercises are an integral part of the most of the science, engineering,. technology ancf Information 
systems programs. Simulation exercises provide verification of the basic theory and reinforcement of the underlying 
principles; greater attention to the theoretical limitations; application of logical analysis to solve real world 
problems. The objective of this paper is to discuss various simulation software packages with special emphasis on 
EXCEL and Laboratory Virtual Instruments (Lab VIEW) software package. 

INTRODUCTION 
The engineering, science, and technology field at present is very dynamic. This· is due to the recent advances in 
computer and other technologies. These advances are resulted in number of computer programs to solve traditional 
and novel problems. These programs use the computer's increased computational capabilities and assist in the 
design, development and control of complex systems in matter of minutes. Automation is becoming a part and 
parcel of every industry and industries need trained workforce to manage this new development. The engineering 
and technology graduates must have a-comprehensive background covering a wider range of technical subjects. The 
graduates must be proficient in the use of enfineering and scientific equipment, conducting expe~ents, collecting 
data, and effectively presenting the results 1

• 
3
• 
4

• This is especially true for the Electrical Engineering Technology . 
(EET) graduates and these graduates must be well train_ed in courses and lal;>oratories such as Electric and Electronic 
Circuits, Digital Systems and Microprocessors, Computer Programming and Computer Aided Design, Electronic 
and Data Communications, Control and Robotics, Eiectric Machines and Power Systems, and PLC and Virtual 
Instrumentation. One cost effective way of achieving this is through the use of Simulation software programs, and 
number of simulation software packages are available for this purposes. These software packages play an important 
role in education and are used to deliver training for all kinds of activities, from piloting sophisticated aircraft or 
ships to operating nuclear power plants or complex chemical processing facilities. 

There are number. of use of simulation, starting from simulation of simple electric circuits to complex tasks such as · 
electromagnetic fields, heat transfer through materials, and electron flow in semiconductors or beam loading with 
the ultimate objective of providing illustrations of concepts that are not easily visualized and difficult to understand. 
Simulators are also used as an adjunct to and in some cases ( distance learning courses) as a substitute for actual 
laboratory experiments. In many instances the student are required to verify their theoretical design through 
simulation before building and testing the circuit in the laboratory. Studies show that students who used simulation 
prior to conducting actual experiment performed better than the students who conducted the laboratory experiments 
without cond~cting simulation first. Also, simulation is used to model too large and complex systems. There is no 
doubt that simulation can't replace the physical hands-on experience but simulation can enhance the teaching and 
learning experience. 

The objective of this paper is to discuss various simulation software packages used in electrical engineering 
technology with special emphasis on EXCEL and Lab VIEW software packages. The paper is arranged as follows: 
Section II of the paper provides a brief discussion on of some of the most widely software packages in electrical 
engineering technology. Section III discusses Lab VIEW software package and its application areas. Section IV 
provides examples of application of Lab VIEW software to electrical engineering technology and information 
systems. Section V briefly discusses the EXCEL software package. Section VI provides examples application of 
EXCEL software to electrical engineering technology and information systems. Section VII provides the conclusion. 
Section VIII provides the acknowledgement and Section IX provides the references. 

A PARTIAL LIST OF SIMULATION SOFfW ARE USED IN ELECTRICAL ENGINEERING 
TECHNOLOGY 

A partial listing of simulation software programs used in electrical engineering technology is shown in T~ble 1. 
These programs are either used as stand alone teaching tools or in conjunction with other tools. For example, a 
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stud~nt may use one pa~kage to get the experimental data and then use a spreadsheet package such as EXCEL for 
plotting and data analysis. Table 1 below lists few of the most widely used electrical engineering simulation 
software packages. A more elaborate list can be found at the following URLs: 

http://www.idsia.ch/~andrea/simtools.html#libraries - A Collection of Modelling and Simulation Resources on the 
Internet and http://thelearninqpit.com/ -A List of PLC and other simulation software. 

Table 1 L. t ft'i - IS 0 ew w1 e1y use e ectrical engineering technology simulation software D 
Name of Software Primary Application Areas 

.d 1 d 1 ackages 

PSPICE Electric and Electronic Circuits 

Electronics Workbench (Multisim) 
(Analog and Digital) 
Electric and Electronic Circuits 
(Analog and Digital), 
Communication 

VisSim Electric and Electronic Circuits 
(Analog and Digital), 
Communication 

Logic Works Digital/Microprocessor Design 
Design Works Digital/Microprocessor Design 
MatLab Mathematics, Control systems, 

Power Systems 
Mathematica Mathematics 
MathCad Mathematics 
AutoCad Computer Aided Drafting (CAD) 
Simulink Control and Power Systems 
LabVIEW Control, Signal Processing, 

Mathematical Simulation 
EXCEL Spreadsheet for multipurpose 

activities 
UMPS Microprocessors and 

Microcontrollers 
UV151 Microprocessor and 

MicrQcontrollers 
MA~M Microprocessors 
DEBUG Microprocessors 

Lab VIEW SOFTWARE PACKAGE AND ITS APPLICATION AREAS 
Approximately 10 to 15 years ago, National Instruments Corporation introduced a new program called Lab VIEW. 
The acronym stands for Laboratory Virtual Instrumentation Engineering Work Bench. Originally designed for test 
and measurement applications, the program has been modified over the years to design and analyze various complex 
systems. Lab VIEW is a graphical programming environment and is based on the concept of data flow programming. 
Data flow programming concept is different from the sequential nature of traditional programming languages, and it 
cuts down the design and development time ofan application. It is widely accepted by industry, academia, and 
research laboratories around the world as a standard for data acquisition and instrument control _software. Since 
Lab VIEW is based on graphical programming, users can build instrumentation called "virtual instruments {Vis)" 
using software objects. With proper hardware these virtual instruments can be used for remote data acquisition, 
analysis, design and distributed control. The built-in library of Lab VIEW has number of Vis that can be used to 
design and develop any system. Lab VIEW can be used to address the needs of various courses in a technology and 
science curriculum 5• 

6
•
7

• · 

LabVIEW Application Areas 
LabVIEW is extremely flexible and some of the application areas of Lab VIEW 6 are Simulation, Data Acquisition & 
Data Processing. The Data Processing library includes signal generation, digital signal processing (DSP), measure
ment, filters, windows, curve fitting, probability and statistics, linear algebra, numerical methods, instrument 
control, program development, control systems, and fuzzy logic. These features of Lab VIEW, will help us in 
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providing· an Interdisciplinary Integrated Teaching and Learning experiences that integrates team-oriented, hands-on 
le~g experiences throughout the engineering technology and sciences curriculum and engages students in the 
desigri and analysis process beginning with their first ·year. 

Lab VIEW can command DAQ boards to read analog input signals (AID conversion), generate analog output signals 
(DI A conversion), read and write digital signals, and manipulate the on-board counters for frequency measurement, 
pulse generation, etc. The voltage data goes into the plug-in DAQ board in the computer, which sends data into 

. computer memory for storage, processing, or other manipulation. 

EXAMPLES OF APPLICATION OF Lab VIEW SOFfW ARE TO ELECTRICAL ENGINEERING 
TECHNOLOGY AND INFORMATION SYSTEMS 

Lab VIEW can be used to simulate any system and is widely used in science and engineering technology. A partial 
list of Lab VIEW based simulation proje?ts for electrical engineering te<::hnology and information systems is 

presented in Table 2. The Vis can be categorized ~o two types; Simulation Vis and DAQ Vis. The Simulation Vis 
concentrate on simulating circuits and systems. The students compare the results of the theoretical calculation to 
results of simulation and determine the percentage of error. In the Laboratory Vis, the students build their projects 
on breadboard and develop appropriate VI modules to test their design. To test and debug their design, they connect 
the circuit to appropriate interface cards (multimeter, function generator, oscilloscope, DAQ system, etc.) in the PXI 
system module, apply required input(s), and observe the output(s). Some projects may require saving the data 
generated from the projects to save in text file(s) for use by EXECL and Lab VIEW software programs for further 
analysis. The students. compare the results of the theoretical calculation to actual results obtained from laboratory 
testing and determine the percentage oferror. Then they present their findings in a writt~n report and in some cases 
present their design in the class orally. · · 

Tabl 2 L 0 f L bVIEW . I • VI ti e - 1st o a s1mu abon s or en2meerm2 tee no oe:y an h I d. mformatmn s ,stem pro2ra ms 
Project Numb~r Nameo(VI Number of Vltype IsDAQ 

individual needed? 
Vis 

Project 1 Calculator, 3 Introductory. Introduces NO 
Calculator with to Lab VIEW items. 
Menu, and Second .. 
order equation 
(Graph) 

Project-2 Vis to solve 2 Introductory. Introduces NO 
mathematical to Lab VIEW items. 
equations 

Project 3 Vis to solve 3 Intermediate. NO 
mathematical Introduces to Lab VIEW 
equations items. 

Project4 Ohm's Law and 2 Intermediate NO 
Series Circuit (KVL) Circuit An~lvsis · 

Project 5 Capacitor Charging 1 Intermediate to NO 
& Discharging Advanced 

Circuit Analysis 
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Table 2 - continued 
Project Number NameofVI Number of VI type IsDAQ 

individual needed? 
Vis 

Project 6 Plotting Freq 1 Intermediate to NO 
Response & Advanced 
Calculating Circuit Analysis 
Bandwidth, Center 
Freq. etc. 

Project 7 Amplitude and 2 Intermediate to NO 
Frequency Advanced 
Modulation Communication 

Project 8 Application of 1 . Intermediate to NO 
Modulation and Advanced 
Demodulation Communication 

Project 9 Number Systems, 4 Intermediate NO 
Truth Table of Gates, Digital Electronics 
Simulating logic 
equat~on, and Digital 
LED 

Project 10 Combinational 1 Intermediate NO 
Design Digital Electronics 

Project 11 Extract Sine Wave 2 Advanced NO 
HR Filter Signal Processing 

Project 12 555 Timer Vis 11 Intermediate to NO/ 
Advanced YES 
Electronics 

Project 13 Measuring Time 3 Advanced YES 
Constant Circuit/Electronics 

Project 14 LED and Photodiode 3 Advanced · NO 
Electronics 

Project 15 Operational 4 Intermediate/ NO/YES 
Amplifier Basics Advanced 

Electronics 
Project 16 O}:>erational 11 Intermediate/ NO/YES 

Amplifier Circuits Advanced 
Electronics 

Project 17 Voltage to Freq. 14 Intermediate/ NO/YES 
Converter Advanced 

Electronics 
Project 18 Voltage Divider and · 3 Intermediate/ NO/YES 

Calibrations Advanced 
. Circuits/Electronics 

Project 19 Frequency Analysis . 6 Intermediate/ NO/YES 
Advanced 
Circuits/Electronics 

Project 20 DC Motor 2 Intermediate/ NO/YES 
Advanced 
Power 
Systems/Machines 

Project21 Internet Addresses 2 Intermediate/ NO 
and Classes Advanced 
IP Routing using Computer 
Visual Basic Networking 

Project22 Remote Control 1 Distance Learning NO/YES 
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· Examples of Lab VIEW Simulation 

1. E·letronics (Operational Amplifier} VI 
The electronics Vis cover designs dealing with Diodes, Operational amplifiers, and Timers. Currently we are 
developing Vis covering transistors and other electronics devices. The objectives of the Operational Amplifier Vis 
are to assist the student (a) learn how an Op-Amp can add, subtract, and average its input signal(s) and (b) build an 
op-amp circuit which sums two independent and separate input signals. 

Front Panel of Summing Operational Amplifier VI 

Rr 
V1 · 

·-~ _. 

Inputs to Op Amp Tester VI 

Enter Actual Rf /R (Measu-e Rf 
Measu-e Rl=R2=R. Determine 
Rf/R), ·0;9.99 ... ,,,. 

Scan start Vdtaaell :-9~ii] 
Scan stop Yolaae! tr 0!50 I 

.. C1C1 -
£§10 

lI/0 DEVICES "'. a-lMNEL.sl 

Theoretical Vatues: R1 =·R2 = 10 K: Rf·= 100 K 
CC] 
lcr::J 

Mathematical Equations: 
Vout · = :Rr[(V1/R1) + (V2/R2)] 

= -Rr [(V1/R1) + (V2/R2)] 
For R1 = R2 = R; Vout= -(RtlR) (V1 + V2) 
For this VI, the following are used: 
V2 = 0, R1 = R2 = 10 k-Ohm and Rr= 100 k
Ohm. 
V1 value is generated by the VI (-0.5 V to 
0.5 V in 40 equal increments) 
Vout =--5Vto5V 
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Diagram Panel of Summing Operational Amplifier VI 

f"'ljstopll 
· ............. ,. 

' . 

l. Internet Protocol (IP) 8 

OUTPUT - Transfer Characteristics · 
Vin Versus Vout . · 

\•'Scale .Minimum 
►\•'Scale ,Max1mum 

~-.. ·-·•• ? 

iern· 1 , ...... c(3>1 

rwir---, 
,--······· 
L. .... ? 

The Internet Protocol (IP) mainly specifies that every computer or device (called a host) on·the network must have 
its own unique address. This address is otherwise called as the "IP Address". Currently the IP. 'version 4 (1Pv4) is 
used for networking, although a newer version of IP (IPv6) currently being tested and implemented in few 
organizations. This newer version is designed to enhance the capabilities of the existing 1Pv4. This paper will focus . 
on IPv4. · 

The IP address is a 32-bit integer. Usually this number is represented as a group of four 8-bit numbers separated by 
periods. This representation is known as "Dotted Decimal Notation". Each IP address is divided into a prefix and a 
suffix as shown in Figure 1. This is known as two part IP addressing. The Prefix identifies network to which· 
computer is attached and the Suffix identifies computer within that network. This type of addressing format makes 
routing efficient. 

I Network I Host 
Figure 1 - Two part IP Addressing 
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Designing the Format of IP Addresses 
A~ mentioned earlier, IP designers chose 32-bit addresses. They allocate some bits for prefix, some for suffix~ The 
allocation of large prefix and small suffix results. in niany networks, few hosts per network and the allocation of 
small prefix and large suffix results. in few networks, many hosts per network. The IP designers need to allow for 
both large and small networks because of variety of technologies. · 

Classes .of Addresses 
Designers use multiple address formats that allow both large and small pre~es. Each format is called an address 
class and the class of an address is identified by first four bits of the IP address as shown in Figure 2 and Table 3. 

Bits 0 1 2 3 7 8 16 24 
Class 0 Prefix I Suffix_ • ' 
A 
Class 1 0 Prefix I Suffix 
B 
Class 1 1 0 Prefix · I Suffix · 
C 
Class 1 1 1 0 Multicast Address 
D 
Class E 1 l 1 l Reserved for Future Use 

Fig~e 2 - IP Class from Binary bit pattern 

T bl 3 Ra a e - neeo f va ues an dIPCI asses 
Class Range of Values 
A 0-127 
B 128- 191 
C 192 - 223 
D 224-239 
E 240-255 

Using IP Address Classes 

31 

Class A, B and C are primary classes. They are used for ordinary host addressing. Class D is used for multicast; a 
limited form of broadcast in which Internet hosts join a multicast group. The Packets are delivered to all members· of 
group. The Route~ manage delivery of single packet from source to all members of multicast group. This is also 
used for mbone (multicast backbone). Class Eis reserved for future use. 
Networks and hosts in each class 

The number of networks and hosts per network are summarized in Table 4. 

a e - ummaryo T bl 4 S fIPCl asses 
Network Network Number of Host Number of 

Class bits Networks bits hosts/Network 
A 8 (2K-2) 24 (2:l4 -2) 
B 16 (2 1

(> - 2) 16 (21
(> -2) 

C 24 (2:l4 -2) 8 (2K -2) 
D Multi casting 
E Reserved for future use 

Subnets and Subnet Masks 
The two-phase assignment of Internet addresses was created for administrative convenience. Although central 
Internet registrars were willing to keep track of several thousand networks, they were not willing to take on the task 
of assigning addresses to billions of individual host computers. Organizations with Class A and Class B networks 
had a similar problem. They faced the need to assign individual Internet addresses to thousands or millions of 
individual hosts within the organization. Again, this would have been a network nightmare. As a result, 
organizations wanted a three-phase process for assigning Internet address to an individual host. First, a central 
authority would assign a block of addresses to an individual organization. This would be done in the traditional way 
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by assigning a network part. However, the organization would give smaller blocks of address to suborganizations. It 
would then make each small organization responsible for assigning the Internet addresses within its blocks. This 
woul~ ~equ~e a three-part address. The network part would remain the same. However, the local part would be 
subd1v1ded mto a subnet part and a host part. The division of the local part into subnet part and host part is achieved 
through the use of another 32 bit number called subnet mask. The Internet Registrar provides each network a second 
number to supplement Internet addresses. This is the subnet mask. It begins with a block of ones and ends with a 
block ofzeros. A typical example would be 255.255.255.0 which in binary is equivalent to 11111111 111111111 
11111111 00000000 in binary with the number of zeros provides information about the host bits. 

EXAMPLES OF APPLICATION OF EXCEL SOFI'W ARE TO ELECTRICAL ENGINEERING 
TECHNOLOGY AND INFORMATION SYSTEMS 

EXCEL is widely used to solve a wide variety of problems. Mathematical equations can be easily modeled and 
simulated in EXCEL and the results of the simulation can be reported in various formats. Presented below are three 
examples of EXCEL simulation. Example 1 presents a number converter that electrical engineering technology and 
information system students come across during their digital electronics and networking class. Example 2 presents 
frequency response problem usually encountered in a networking and communication course. Example 3 presents an 
IP address problem usually encountered in a networking course. 

1. Design a spreadsheet (EXCEL) that will convert an 8-bit binary number to Decimal & Hexadecimal. 
Problem 1 - Binary to Decimal & Hexadecimal · · 

8-bit binary Number 
10001111 

Decimal 
143 

Hexadecimal 
SF 

2. The frequency and gain ofa transmission channel is shown in Table 1. Using this table~ plot frequency 
versus gain and determine the values of the fol,o~ing: · · 

a. Lower Cutoff Frequency b. Center Frequency c. Higher Cutoff Frequency d. Bandwidth 
abl F d . T e 1 - reQuency an gam 

Frecmencv (Hz) Gain 
0 0 
5000 0.2 
10000 0.3 

· 15000 0.4 
20000 0.5 
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.30,000 0.6 
40,000 0.7 
45,000 · 0.72 
50,000 .. 0.8 
70,000 1.0 
75,000 0.95 
80,000 0.8 

Problem 2 - Frequency versus Ga;.;;;in;,.;;_;;;C...;;;urv~e ______________________ __, 

Frequency 
(Hz) Gain 

0 0 
5000 0.2 

10000 0.3 
15000 0.4 
20000 0.5 
25000 0.6 
30000 . 0.7 
35000 0.72 
40000 0.8 
45000 
50000 0 .. 95 

55000 0.8 
60000 0.75 
65000 0.7 
70000 0.6 
75000 0.5 

1 
0.9 
0.8 
0.7 

,.. 0.6 
i 0.5 
<--' 0.4 

0.3 
0.2 
0.1 

0 
0 

80000 
85000 

0.4 LowerCut-Off Freq 
0.3 35000 ' 

90000 0.2 
95000 0.1 

Frequency Versus Gain 

2CDlO 40000 60000 80000 100000 

Frequency (Hz) 

Center 
Freq 

45000 
HigherCutoff Bandwidth 

55000 20000 

I-+- Series1 I 

3. A network has an IP address of 128.120.32.64 and the subnet mask for this network is 255:255.255.0. 
Design a program module that will provide the user with the following without and with subnetting: 

A. · Network class 

B. Network bits & host (local bits) 

C. Number of Networks 

D. Number hosts/network 

Also add provisions in your module to convert the IP address in binary to dotted decimal notation. · 

Problem 3 - IP Class 

IP Address 

Segl Seg2 Seg3 Seg4 
128 120 32 64 
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A. 

Class B 

Subnet 
Mask 

255 

11111111 
0 

FALSE 

Local Part 
8 

Subnet part 

8 

B. 

Network bits = 16, host bits = 16 

255 255 
11111111 11111111 

0 0 
FALSE F~SE 

Number of hosts 
254 

Number of Subnets 
254 

C. 

0 
00000000 

8 
8 

CONCLUSION 

Proceedings of the 2007 IEMS Conference 

The Lab VIEW VI and Visual Basic modules presented above are user friendly and performed satisfactorily under 
various input conditions. It helped the students to understand items relating to IP Addressing in more detail. These 
modules can be used in conjunction with other teaching aids to enhance student learning of Networking and the 
Internet. VI based instruction will provide a truly modem.environment in which students and faculty members can 
study engineering, technology, and sciences at a level of detail, and this will be possible because of the versatility of 
Lab VIEW and other simulation products. 
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OPTIMAL SELECTION OF MANUFACTURING ROUTING OF PARTS: A CASE STUDY 

:aarthelemy H~ Ateme-Nguema and Thien-My Dao 
University of Quebec . 

ABSTRACT 
The manufacturing routing of parts is one of principal factors determining.the manufacturing cost. Then, the 
optimization of the manufacturing routing to lower the manufacturing cost is one of principal preoccupations of the 
industrials today. 

Depending on the manufacturing process, the capability and disponibility of machines, the manufacturing routing of 
a part may be a lot ( of alternatives) and the industrials must choose between them the best one for manufacturing, 
corresponding to the lowest cost. This paper proposed an application of a developed mathematical model to select 
the best routing to manufacture a family of parts assigned to a family of machines. The mathematical model of the 
routing selection problem is formulated and solved with the developed Mada~ computer program. The obtained 
solution is now analysed to show how the best manufacturing routing will be selected for minimizing the total 
manufacturing cost. A big size manufacturing problem (24x40) has been used as a case study to show how the 
proposed approach can be applied and what the potential application of the proposed technique_ is. The capability of 
Matlab computer tool developed for optimal manufacturing routing selection problem is also discussed in this paper. 

INTRODUCTION 
Batch manufacturing is a dominant manufacturing activity in the world, generating much industrial output. The 
major characteristics of batch manufacturing are a high level of product variety and small manufacturing lot sizes. · 
The product variations present design engineers with the problem of a design stage that significantly affects 
manufacturing cost, quality and delivery times. The impacts of these product variations in manufacturing are high 
investment in equipment, high tooling costs, complex scheduling and loading, lengthy set-up times and costs,· _ 
excessive scrap and high-quality-control costs .. However, to compete in a global market, it is essential to improve the 
productivity in small batch manufacturing industries. For this purpose, some innovative methods are needed to 
reduce product cost, reduce lead time and enhance product quality to help increase market share and profitability. 
Group technology {GT) provides such a link between design and manufacturing. The adoption of GT concepts, 
which allow for small batch production to gain economic advantages similar to mass production while retaining ilie. 
flexibility of job ~hop methods, will help address some of the problems. 

Evolving from cost, quality, and delivery time, flexibility is becoming a key dimension of a firm's competitive 
priorities. The need to explicitly consider flexibility makes it nece~sary to develop measurements for various types 
of manufacturing flexibility and to analyze their strategic and/or economic value in improving the performance of 
the manufacturing systems. Over the last two decade, many studies have defined various types of manufacturing · 
flexibility and provided-methods for impr~ving the flexibility [I]. 

A flexible manufacturing systems (FMS) or facility may be defined as a system which is able to adapt to changes, 
both in its internal and external environment, quickly and economically. The nature and extend of these changes 
vary with time and situation. Different changes require different types of flexibility and thus a variety of flexibility 
types have been ·proposed in the literature [2, 3]. One of these types is routing flexibility, which is defined as the 
ability to manufacture a product via several alternate routes in the same facility. A mute is defined as the series of 
work centers or machines through which a product is processed,. and the processing times at these work centers. In a 
FMS with routing flexibility, each product can be manufactured via anyone of several ayailable routes. 
Consequently, as -the demand conditions change, the scheduler must decide via which route a specific product 
should be manufactured in the next time period, so as to optimize some stated objective. One of the primary utilities 
of routing flexibility is that it permits the FMS to respond to changing production scenarios which are defined by the 
total periodic production quantity and the production ratios of each product. 

The premise of routing flexibility is that the route design activity will generate several possible routes for each 
product. Subsequently, two or more alternate routes production are selected for implementation. A route is described 
as implemented when its associate resources (i.e., machines, tools, instructions, skills, fixtures, molds, and other 
auxiliaries) have been made available in the FMS. The route selection problem is faced by a factory on several 
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different occasions. First, when a new factory is built, second, when a new product is introduced or consolidated into 
the plant, and third when the plant is restructured to account for demand and technology changes. 

In this paper, we proposed an application of a developed mathematical model which selects the best routing to 
manufacture products family assigned to machine cells. The mathematical model of the routing selection problem is 
formulated as a 0-1 linear programming and solved with the developed Matlab computer program. 

A LITERATURE REVIEW 
One important issue of the FMS is that of assigning the operations required and quantities for each of the parts to be 
manufactured to specific machines through the system. This problem is known as the "part-routing problem" (PRP) 
and arises as a sub-problem in the gen(?ral context of system design or as a stand-al9ne when major changes occur in 
the part demands or the product mix. · 

Sankaran and Kasilingam [ 4] proposed two integer linear programming formulations to simultaneously address the 
problems of grouping ,machines into cells of limited size and of determining the routing of parts to machines in these 
cells, assuming machines have no capacity limits. The objective of their first model is to minimize the total 
processing costs of all machines used. Their second model aims to maximize the number of alternate routings fot all 
parts subject to a budget constraint on the resources available for machine acquisition. 

Nagi et al. [5] proposed a mathematical model with the objective of minimizing the total intercell material handling 
cost. They developed a heuristic procedure that iteratively solves the problem of grouping machines into cells of 
limited size as well as the problem of determining the routing of parts to machines in these cells taking explicitly 
into account machine capacity limits. However, as pointed out in Xie [6], the solution approaches in these two 
papers cannot be applied to large-sized problems because they require a complete enumeration of all the possible 
process routes for each part. · 

A good resume of former works on routing problems is in ref. [7] where authors developed a Lagrangean relaxation
based heuristic procedure to generate a near-optimal solution to large-scale capacitated part-routing problems 
through a cellular manufacturing system (CMS) with both routing flexibilities and setup times. Their objective is to 
minimize the total material handling, production, outsourcing, and setup c_osts, subject to satisfying ali the part 
demands and not exceeding any of the machine capacity limits. 

FORMULATION OF THE ROUTING SELECTION MODEL 
The PRP problem is formulated as a linear programming model for detemiining the best part routings that minimize 
the operating cost. Production volume, alternate routings and machines capacity are also considered. Information, 
including a machine's processing time and operating cost for performing a task for a particular part, needs to be 
collected. As defined by-Liao et al. [8], the model is formulated according to the following notation as: 

Indices: 

Machine i = I, 2,K , m, 
Part j = 1,2,K ,n, _ 
The part routing r = 1, 2,K , Ri for each part j and e~ery part might have one or more part mutings, 

o = 1, 2,K , Oir is the operation for each (j, r) combination. Every part ~outing c9nsists of one or more operations. 

Parameters: 

Ao (j, r) is the operating cost for machine i to perform operation o for the pair (j, r) , 
tio (j, r) is the time for machine i to perform operation 0 for the (j, r) combination, 

I; is the operational time available on machine i , 

Di is the demand for part j , 

Two parameters: the first is a
0 
(j,r) = 1 ifoperation o has to be performed for the (j,r) combination, otherwise 

a
0 
(j, r) = 0 , and, a;

0 
= I if machine i can perform operation o , otherwise, a;0 is equal to zero. 

· Moreover, the operating cost for machine i performing operation o for one unit of part j by using process plan r 

can be calculated by: 
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where µ
0

, Tsu, Q, .i;, and Tth are the hourly operating cost, set-~p time for the part to be processed by the 

machine, batch size, actual machining time per workpiece, and average tool handling time per workpiece, 
respectively. 

Variables: 

½, = 1 if part j is manufactured using plan r, otherwise ½, = 0, 

Xi
0 
(j, r) is the portion of the batch where machine i is used to perform operation o for the (j, r) combination. 

Mathematical model: 

Minimize/= LLLLDiP;0 (j,r)X;0 (j,r) (1) 
i j o r 

Subject to: 

a) L½, = 1, for allj (2) 
r . 

(3) 

(4) 
j o r 

{

I . 
½, = O , for all j and .~ 

X.,(j,r)={~, for all i, j ; · o, r 

The objective function (1) minimizes the total operating cost. The first constraint set (2) guarantees that only one 
process plan is· selected for a given part. The constraint (3) ensures that all operations in the selected process plan are · 
performed on the ·available machines. The final constraint (4) ensures that the capacity of each machine is not 
violated. Finally, the decisional variables ½, and Xio (j,r) are binary variables. 

710 



~ 
"" 

Proceedings of the 2007 IEMS Conference 

Table I Numerical Case Study 

. 
Machines Cl -:: 

II 
1 1 j I 2 3 4 s 6 7 8 9 

1 I I 1 I 1 I I 2 2 2 2 
0 I 2 3 4 s 6 7 8 9 0 I 2 3 

I I S,4 6,2 4,3 3,1 3,3 4,2 2 2,1 
2 1 3,2 

3,2 4,4 S,2 

3 1 2,1 
1,1 

4 I 2,1 
3,1 1,1 

1,1 1,1 2,2 3,3 I 6,7 7,6 7,7 3,3 4,3 4,4 3,3 3,1 2,2 s 2 3,3 4,3 4,4 4,S S,S 7,7 · 8,7 8,8 3 1,1 3,1 2,2 2, 1 1,1 2,1 
6 I 3,1 3,3 1,1 
7 I 2,1 4,2 1,1 
8 l 1,1 3,3 
9 1 3,1 2,1 1,5 S,I 
10 1 4,2 1,2 2,2 S,1 4,1 
11 1 2,2 2,1 
12 1 q 1,4 
13 1 1,3 1,1 1,6 
14 I 3,1 2,2 1,3 S,2 2,1 
15 

1 3,1 2,2 
2 3,3 3,S S,7 s,s S,2 

16 1 2,1 1,5 1,S S,3 
17 1 1,1 3,2 2,1 1,2 
II 1 3,1 1,2 2,1 1,1 4,1 
19 1 2,2 3,2 3,3 4,3 5,2 

2 2, 1 1,1 
20 I 1,1 1,2 1,7 
21 I 1,1 3,2 
22 1 1,2 7,1 2,1 7,4 2,1 
23 1 4,1 3,6 
24 I 1,3 4.2 1,4 

I 4,3 3,3 2,1 1,3 3,1 
25 2 4,3 9,1 8,6 17,7 1,9 9,8 2,2 

3 2,1 3,1 2,2 
26 I 1,2 2,3 S,2 2,2 3,S 
27 I 3,1 l,S 1,1 2,2 S,1 
28 I 1,1 

29 
1 2, 1 1,1 
2 7,7 6,3 3,9 9,9 

30 
1 1,1 2,1 3,2 4,3 
2 9,9 9,9 8,7 

31 1 2,1 7,3 2.n . 
32 1 2,2 S,2 . 4.8 S,1 
33 1 1,1 2,1 3,S 1,2 3,1 
34 1 1,1 1,1 

35 
1 4,6 7,8 9,4 8,1 1,4 3,3 7,1 6,6 8,S 9,9 9,S 
2 1,1 1,1 2,1 1,1 
1 3,1 1,2 2,2 7,7 8,S 1,1 3,2 8,9 

36 2 1,2 S,1 
3 2,1 2,2 1,1 3,1 

37 1 1,1 2,4 
38 1 -1 ,3 4,3 
39 I 1,1 4,2 

40 
I 1,7 S,S 6,9 9,2 8,S 6,6 5,3 3,7 
2 1,1 3,1 2,1 

This illustrative example is used to test the part routing selection we proposed. The demand for forty (40) parts 
along with their part routing(s) are given in above TaQle where we have includes the operational time and 
manufacturing cost. Moreover, all the parts have a monthly request for 100 units. _It is noted that more than one 
machine can be used to perform the same operation. f()r parts I, 15, 19, 29, 30, 35 and 40, there are 2 routings 
available for the production whereas parts 5, 25 and 36 lay out 3 possible routings. The other products to be 
manufactured have one routing available. In this first table, a couple of coefficients identify the triplet (machine, 
part, and, manufacturing routing). For example, for part #I using the first manufacturing routing at machine #5, we . 
have the (5, 4) couple where "S" is the oper~tional time· and "411 identifies the associated cost. Also, using the data 
given in the above Table and according to equations (I) to (4), LP model for the case study is: 
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24 40 

Minimize f = L L L Diµ;(j,r)x;(j,r) 
·- . i=l j=l r=l 

Subject to: 

a) · L½r = i for all j = 1,2, .. .40 
r=l 

24 

. b) Laix;(j, r) = ½r• for all (j) with a;= 1 and ·a0 = 1 for all i = 1,2, ... 24 
i=l 

40 

c) L LD1 X; (i, r }t; (i, r) ~ I;, for all i =1,2, ... 24 

With 

v=l r=l 

½r =:= [0, 1] and X; (j, r) = [0, 1] 

Di = 100 for all (i) 

· 0 = I ( operation for each part and routing) 

The LP niodel has been solved with Matlab and the obtained results are shown in the Table 2. 

Table 2 The best manufacturing routings selection 

:u Ymal binary parts/machines matrix 

t-:: Madlliaes available 

J e 1 2 3 4 s 6 7 8 9 1 1 1 1 1 1 1 1 1 1 
0 1 2 3 4 s 6 7 8 9 

1 2 1 1 
2 1 1 . , 
3 1 1 I 
4 1 1 I 1 1 1 
s 3 · I 1 1 1 1 1 
6 I 1 1 1 
7 I 

.. 
1 1 1 

8 1 1 1 
9 I 1 1 
10 1 1 1 l 1 
11 I 1 
12 I 1 
13 I l 1 1 
14 1 1 l 1 1 
JS 1 1 
16 1 1 l 

I 17 1 1 I 
D, 

18 1 l 1 1 1 l 

l 19 2 1 1 
20 I 1 1 l 

~ 21 1 1 1 
,:! 22 1 1 1 1 I II a 23 1 1 
:! 24 1 1 l 

2S 3 1 1 
26 1 l 1 1 l .. I 
27 1 1 l 1 1 1 
28 1 l 
29 1 l 1 
30 1 l l l l 
31 1 1 1 
32 1 1 1 l 
33 1 l 1 1 
34 I 1 
JS 2 1 1 1 
36 3 1 1 1 
37 1 1 1 
38 1 1 1 
39 1 1 1 
40 2 l 1 l 
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2 2 2 2 2 
0 1 2 3 4 

1 1 
1 l 

1 I 

1 1 
1 

1 
1 

• · 

1 
1 

1 1 
1 l 

1 
1 
1 

1 

1 
1 1 

l 1 
1 

1 
1 
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Note that the minimum (optimum) operational cost corresponding to the solution shown in Table 2 is $57,440. This 
matrix shows us the optimal identification of the manufacturing routings according to the objective of minimizing 
the production costs of our industrial system. 

For the products 1, 15, 19, 29, 30, 35 and 40 which had 2 routings available, the choice made by the LP model is 
visualized on table 2. The result shows, also, the choice of the other parts which had 3 manufacturing routings 
available (parts 5, 25 and 36). 

Note that the final matrix is presented with the binary coefficients (0 or 1 ). In this matrix, we replace the operational 
time and cost by the "1" value when machine i is require to produce part j according to manufacturing routing r 

along the operation o , otherwise, the coefficient value is "O". 

CONCLUSION 
In this paper, we have.proposed an application to select the best manufacturing routing to produce some parts 
assigned to a machine cells. The mathematical model of the PRP is formulated and solved with the developed 
Matlab computer program. A big size manufacturing problem (24x40) has been used as a case study to show how 
the proposed approach is robust and the total manufacturing costs are minimized. The availability and capability of 
computer tool developed for manufacturing problems is, also, shown in this paper. 
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· CAPTIVE OFFSHORING VERSUS OFFSHORE OUTSOURCING: 
A DECISION PROCESS FOR SMALL TO MID-SIZE FIRMS 

Ken M. Hebb and Ralph E. Janaro 
Clarkson University · 

ABSTRACT 
Many domestic manufacturing companies are divesting themselves of significant portions of their manufacturing 
activities in order to ·focus on core activities such as marketing and R&D. Domestic outsourcing;"offshore 
outsourcing, and/or captive offshoring are serving to replace. domestic manufacturing in these firms. In this paper 
we examine the two types of offshore activities, captive offshoring and offshore outsourcing, and present the 
benefits and risks of each. We then present a three-step decision proces~ to help small to mid-size firms choose the 
type of offshoring best suited for their specific situations. 

INTRODUCTION 
During the last few decades many domestic manufacturing companies have given up portions or all of their 
manufacturing activities to focus on their core activities. Domestic outsourcing, offshore outsourcing, and/or 
captive offshoring have served to replace domestic manufacturing in these firms. For many firms, particularly those 
that are small to mid-size, the decision to look offshore for manufacturing help can be daunting. There is often 
much confusion surrounding the real costs and benefits of each of these strategies as well as the p~tential strategic 
advantages each can provide. 

Many small to mid-size firms have found themselves in a position where either competitive pressures, such as cost, 
time-to-market, or market opportunities (e.g., meeting increasing demand for the firm's goods in a foreign market), 
have brought the firm to the point of having to address the complicated issue ·of offshoring. For smaller firms 
without a global reach already, this can be intimidating, and wading through the volumes of information and advice 
on the subject can often leave a decision maker even more confused. However, identifying the key issues and 
critical aspects of the strategic decision to offshore can clarify action points and strategic decisions such that the 

· decision maker can work to begin researching and implementing a reasonable plan. 

In this paper, we use the approach outlined by Monczka, et al (2005) to distinguish between the following choice . . 
set: domestic insourcing versus captive outsourcing, and domestic outsourcing versus offshore outsourcing. Figure 
1 draws the distinctions along two dimensions: location ( domestic and offshore) and sourcing type (insourcing and 
outsourcing). For the purpose of this paper we assume that the firm has already made the decision to go offshore. 
The decision addressed here is limited to the structural arrangement of the offshoring strategy. Thus, the question 
this paper seeks to address is whether the firm should outsource offshore ( quadrant IV in Figure 1) or move all or 
part of their manufacturing operations offshore ( quadrant III in Figure· 1 ). 

There are a number of good reasons to locate ·operations abroad, each relating to the strategic vision of the firm. We 
have included below a summary list of reasons (categories) a firm my go offshore, and although it is not exhaustive, 
most reasons will fit into the categories we have identified: · 

1 

0 Cost reduction through labor, material, or operating environment, etc., 

0 Access to skills or competencies, 

0 Proximity to a foreign market, 

0 Orientation to a strategic cluster, 

0 Access to raw material, and 

0 Flexibility. 

These strategic reasons for offshoring have differing implications when a structural model is applied, and accounting 
for those implications in choosing a structural model of operations on the front end could conceivably increase the 
probability of success of the offshoring program. In this paper we compare the strategies of captive off shoring and 
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offshore outsourcing to offer insight into the strategic implications of each. 

Activities 
Conducted in 

hore Marke 

. ·· Activities 
Conducted fn Local 

· Markets 

Relationshi~ of Outsourcing and . 
· Offshoring · ·. ·· ··· · 

Ill 
Captive. Offshoring ·; .. 

. Domestic lnsourcing_ 

Activities 
Conducted within , 

the Company 

·,· IV , 

Offshore o~tsoorcing 

. Activities ' 
Conduct~d_by 
o utsourcing \ 
. suppti~rs · · · 

Figure 1. Modes of insourciog· and outsourcing 

OFFSHORE OUTSOURCING 
The working definition for offshore outsourcing we use here has been adapted from Monczka, et al (2005): any 
a"angement with an offshore firm in whkh the work activities are transferred away from a company's own 
operations. In the strict sense, these arrangements are characteristically suppliers or service providers. Generally, a 
firm pursues an outsourcing strategy to focus on other core competencies. Other reasons for pursuing an 
outsourcing strategy include decreased capital investment; greater flexibility in operations, and access.to new 
technology or unfamiliar markets. Reasons for utilizn:ig offshore outsourcing are often cost and competency. 

Since a supplier may have already reached suitable economies of scale and has ari established base of skills, the 
OEM cost to handle the same task in-house can far e~ceed what the focused supplier would be· able to attain. 
Additionally, it allows the firm to gain an advantage from that competency without significant capital expenditure or 
organizational effort. This allows the organization a fair amount of flexibility in aligning resources and market 
objectives in the short run, almost on a continual basis . . Table I lists the benefits and risks as they relate to the six 
categories of reasons a firm may choose to engage in ail offshore outsourcing strategy. · 

Reducing cost through outsourcing is a very common strategy among firms, but as Calabrese and Janaro (2005) 
note, evaluating suppliers on the basis of cost alone c·an increase the risk to the firm. They identify and explore a 
number of risks that are important to supplier selection in an outsourcing strategy. Other challenges that may arise 
out of an offshore outsourcing strategy are vulnerabilitie$ to systematic and competitive pressures, both of which are 

· out of the company's control. For instance, skills that are in demand in a particular market experience high wage 
growth, which in tum increases the cost of the outsourcing strategy and reduces the margins and ROI of the 
purchasing firm. Furthermore, competitive pressures for raw materials or energy in outsourcing relationships can 
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produce similar cost increases. Poorly defined relationships and contracts can result in a loss of service level or 
supplier reliability if competitive pressures are high. 

This is.clearly not a strategy to follow for critical components or differentiators for the firm because risks such as 
those noted above, as well as a breach of intellectual property laws, would have profound negative effects for the 
purchasing firm. Furthermore, a captive option may be better suited if (I) the firm is already good at performing the 
process, (2) the process is one that requires a high level of skill, and/or (3) it is very difficult to consistently achieve 
high ·levels of quality. 

.,--

Reason for Outsourcing Strategy Benefits of Outsourcing Strategy Risks of Outsourcing Strategy 

Cost Reduction (labor, material, May be-producing further on the Hidden costs, supplier margins, and 
operating environment, etc.) experience curve. negative press can reduce 

attractiveness of this strategy. 

Access to Skill or Competency May have established base of · . High demand for skills can cause costs 
competency or skill. to rise rapidly or outstrip supply. 

Proximity to Foreign Market Knowledge of local market Operating environment may not 
conditions, infrastructure and suitably protect relationship or IP 
needs. 

Orientation to Strategic Cluster May have established relationships Vulnerability to supplier interruption 
. , _ with key suppliers within the is magnified . 

cluster. 
Access to Raw Material . Allows the firm a more flexible Benefits vulnerable to competitive . 

•· 
arrangement to procure needed _ pressures. 

.. resources . 
Flexibility Less capital intensive than captive Flexibility in partnership may result in 

operatioQ.S. unreliability or reduced service levels. 

· Table 1. Benefits and risks ~~ offshore outsourcing 

There are examples of firms that leverage capabilities of producers and employ their own design, planning, and 
logistics to effective_ly manage outsourcing relationships. Capabilities of this sort, however, are rare and that 
competency is often the core of their business, as in the case of Li & Fung. Li & Fung _operates as a trading partner 
between Western designers/retailers and a number of supply and manufacturing firms around the world. They do 
not own a single manufacturing operation, but rather focus on arranging the most effective value chain possible for 
each customer (Magretta, 1998). 

Clearly, there are good reasons to pursue an outsourcing strategy. Cost reduction, flexibility, and access to skills or 
competencies that can enhance the purchasing firm's ability to create value for the customer are the important 
factors when considering an outsourcing strategy. 

CAPTIVE OFFSHORING 
The working definition we use here for captive outsourcing is adapted from Monczka, et al (2005): any offshore 
a"angement where a fmn maintains ownership of the function and related technology ofan operation . . In the 
strict sense, these operations are typified by wholly owned manufacturing or R&D facilities. In cases of captive 
direct investment, a firm's primary goal is more often related to reasons other than cost reduction, ~ough it may 
play a role. The strategic implications of implementing a captive offshore operation favor the strategic value and 
ability to coordinate and control operations. Captive operations take significant organizational effort and large 
capital expenditures, and are characteristically much more "sticky" (Farrell, 2006). However, captive solutions are 
important ventures for firms looking to put in place assets that will service new foreign markets while realizing cost 
reductions and perhaps gains from strategic clusters. Table 2 shows the benefits and risks of the six categories of 
reasons a firm may choose to engage in a captive strategy. 
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Th~ strategic reaso~s for_ pursuing a captive strategy become clearer as the benefits of the strategy are compared 
agamst _a_ company s desrre to enter new markets or take advantage of a strategic cluster that could provide a 
competitive advantage. Larger firms with multiple captive locations and significant experience in operating offshore 
locations can engage in optimizing operations given the conditions of the individual locations. However, these are 
strengths that a small to mid-size firm is many years away from realizing. Direct investments are extremely risky 
for small to mid-size firms and require significant planning and effort 'to successfully arrange. 

Reasons for Captive Strategy Benefits of Captive Strategy Risks of Captive Strategy 
Cost Reduction (labor, material, Firm captures all of the benefits Hidden costs and experience curve delay 
operating environment, etc.) and advantages. may hurt ROI 

Access to Skill or Competency Maintain control of technology and Cultural barriers may impede realization of 
intellectual· property. benefits 

Proximity to Foreign ~arket Ability to choose market, entry Regulatory hurdles and competition may 
strategy, and maintain control of endanger margins and ROI 
image. 

Orientation to Strategic Cluster Maintains existing vertical Vulnerable to supplier interruption. 
integration at a more strategic 
location. 

Access to Raw Material Ability to locate where the Changes in political situation can 
resources are most economically drastically change long-run outlook of 
utilized. strategy negatively. 

Flexibility Can optimize coordination of "Stickiness" of individual locations 
multiple locations reduces overall flexibility if conditions 

deteriorate. 

Table 2. Benefits and risks of.a captiv~ strategy 

The risks associated with the large investments these firms make in captive operations requires that the location be 
thoroughly understood. Vietor and Veytsman (2005) list political stability, language skills, infrastructure, IP · 
protection, and contract law as factors that influence the success ~fan offshore operation. 

DECISION PROCESS 
Probably the most significant insight we can glean from the discussion above that affects the overall structure ·of the 
strategy is the specific location for the venture. The particular structures, incentives, and characteristics employed 
by nations to attract both foreign direct investment and outsourcing vary by country according to their various 
political, economic, and geographic variables. Thus, the reasoning behind the offshoring strategy will often lend 
itself to identifying locations suitable for the firm's purposes. For instance, a firm offshoring services to Eastern 
Europe in order to take advantage of their proximity to developed Western markets will likely have a short list of 
potential locations to choose from based on industry, ~kill requirements, and infrastructure needs. 

One study that can be an important tool in gaining an understanding of the conditions in the global economy is the 
A. T. Kearney Global Services Location Index 2005 {2005). This study examined a number of categories including 
financial structure, people and skills availability, and business environment. Each of these categories is partitioned 
into a broad array of variables that capture the fine differences between specific markets in the global economy. 

In this section we propose a three-step process to help decision makers identify the modes and opportunities that 
most make sense for their firm. Through a process of questioning and prioritizing, the decision maker can begin to 
see how the various attributes highlighted· earlier cm1; best be arranged for the advantage of the firm. Though it is 
certainly not detailed enough or specifically insightful for particular locations or markets, it can begin to help a 
decision maker sift through information and advice by identifying the salient issues as they relate to the firm and the 
implementation of strategy. 

This decision process assumes that competitive pressures or market opportunities have driven a firm to offshore 
either a process or full-scale production. It is further assumed that the market for the good or product has also been 
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determined. The following .three-step decision process can help identify (1) the characteristics of an appropriate 
locati~n and (2) the appropriate structure of the offshoring. 

Step I. Identify and priorit~ the characteristics that relate to, and help identify a target location for either strategy. 

0 Proximity to market. The location of the market may cause the firm to locate in unconventional places, but 
· . doing so may provide a competitive advantage in time-to-market, market knowledge, and supply chain 

issues. 

0 Proximity-to resources, materials, or components. For example, if the market is Eastern Europe and it's not 
a priority to be near the market, then siting the operation in an area where raw materiais' are readily 
available would be more advantageous. · 

0 Ease of transport to the market. If ease of transport is critical, then siting the facility on direct shipping 
routes to the target market where the necessary skills and resources are located would be advantageous. 

0 Proximity to specific skills. Here a clear understanding of what particular markets have to offer firms in 
terms of education, skill levels, and familiarity with production technology becomes critical. 

0 Economic and infrastructure issues. An analysis of issues such as taxation, regulation, and/or infrastructure 
should be made. 

0 Cultural issues. Cultural issues and mores such as language, work ethic, labor laws, acceptance of bribery, 
· etc. must be ·considered. 

0 • Marke~ issues. Issues such as relative commodity prices in the potential host country should be favorable. 

0 Demographics. The demographics of the proposed facility site, including future projectfons, for resources. 
such as labor availability and skill levels, among others, should be_ supportive. 

Step 2. Determine to what degree the technology or.process is closely held (core, protection, standardization; etc.). 

0 ls the process a core competency? One thing a firm does not want to give up is a core competency. The 
potential risks here are giving away the competency by outsourcing and then not being able to relearn the 
competency if the outsourcing project fails. In this .case, captive offshoring should be considered. 

0 Does. the product or process have some kind of intellectual property protection? Or is it an unprotected, · · 
closely Qeld process that needs to remain close to the firm? In either situation an offshore outsourcing 
strategy would pose considerable risk. Here, captive offshoring should be considered. 

0 Is this a standard process, such that the firm can communicate the product specifications to an outsourcing 
partner and reasonably expect that firm to produce them reliably? If the answer is yes, then outsourcing 
should be considered. · 

0 Is the process one that was developed in-house and difficult to master? If so, then captive offshoring 
should be ·considered. 

Step 3. Identify and prioritize the set of strategic considerations that are important to the offshoring strategy. 

0 Are only a small number of items involved? If the answer is yes, then outsourcing should be considered. 

0 Is there is a portfolio of items that use the same production process? If the answer is yes, then captive 
offshoring should be considered if it would provide flexibility in production scheduling and product mix, 
especial~y if there is considerable part commonality. 

0 Is control over market developments important? If yes, then captive offshoring should. be considered. 

0 Is control over technology rights important? If yes, then captive offshoring should be considered. 

0 Is the technology highly complex relative to the capabilities available in the recipient country? If yes, then 
captive offshoring should be considered. 

0 Is it important to protect product standards? If yes, then consider captive off shoring. 

0 Will outsourcing free up resources for producing higher priority items? If yes, then consider outsourcing. 
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0 Does ~e potential_ outsourcing partner provide specialized skills and new technology that are difficult or 
expensive to acqurre? If yes, then outsourcing should be considered. 

Step 1 of the process is designed to focus the decision maker on a variety of issues specific to target locations. 
These issues include economic, market, cultural and infrastructure, among others. Steps 2 and 3 are designed to 
focus the decision maker on characteristics of the firm's products and processes such as the need for IP protection, 
difficulty in achieving consistent levels of quality and required skills. Upon analysis of the issues presented in steps 
2 and 3, there appear to be only four situations when offshore outsourcing might be more appropriate than captive . 
off shoring: · 

0 The process is standard and t:4e outsourcing partner is capable of meeting the product's specifications, 

0 When a small number of non-core products is involved, 

0 When outsourcing will free up resources which can be used for producing higher priority products, and 

0 When the outsourcing partner can provide specialized skills and/or new technology that are difficult or 
expensive to acquire. 

In all other cases, it may be more appropriate to engage in captive offshoring. 

DISCUSSION 
Assuming that offshoring a process or full-scale production is appropriate before addressing some of the structural 
or strategic issues may seem backwards since in an ideal world, strategy and structural changes would seemingly 
lead toward a project implementation such as offshoring. However, in a competitive marketplace, the necessity to 
look offshore can become crystal clear without the strategic or procedural clarity we might like to assume. 
Furthermore, in an ever more complex global marketplace, firms that do not explore external markets for their goods 
will begin to lose traction to firms with markets and operations of a global scale. Thus, it may be reasonable to see 
small to mid-size firms in a position where offshoring for cost or market reasons is clearly a sensible strategy that 
lacks an obvious solution. 

What we endeavored to provide here is a discussion, although short, of some of the factors that managers face in 
making decisions to move offshore. Understanding the range of options available, as well as the various benefits 
and risks of implementing the modes of offshoring, is critical in working through the relevant questions that can aid 
the manager in framing the decision for their particular firm. Clearly, there is much more detail to be teased out of 
any particular strategy, l9cation, or arrangement. However, having a process that can focus thetesearch and clarify 
the direction of the firm can act as a filter to help screen out other issues which, though likely to be important in a 
different context, may end up unnecessarily muddying the waters of the decision making process. 

The basis for the decision process is to provide a m_echanism for filtering information and refining the goals, needs, 
and limitations of the firm in order to end up with a more clear understanding of the direction and focus of the 
research. According to Bierce, et al (pp. 5-6 (2004)), ~'much of the difficulty-or level of success- in moving 
offshore is attributed to underestimating the implementation challenges and to the way offshore operations are set 
up. Companies that fail to select the appropriate business model prolong the time required to reach stability and 
their savings targets." They continue on to note that .knowing the merits of the strategies, and distinguishing 
between them to find the most appropriate one, is the difference between a successful operation and a failure. For 
small to mid-size firnis the margin for error is razor-thin, so a broad tool to quickly narrow the scope and direct the 
research is conceivably a valuable step in the process of implementing an offshoring strategy. 
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A CASE STUDY IN MASS CUSTOMIZATION: IMPLEMENTING A PRODUCT CONFIGURATOR 
USING .NET INFRASTRUCTURE AND GENERIC BILLS OF MATERIAL 

Mark L. Smith 
Purdue University North Central 

ABSTRACT 
Mass customization has proven to be an effective technique for companies competing in today's global marketplace. 
Among the many system elements required to support this, generic bills of material and programmed product 
configuration are used to ensure the selection of valid product varieties. This paper reviews standard practices for 
developing generic bills of material and product configuration systems to support mass customization. It explores 
the practicalities and problems experienced by one company in their efforts to implement a product configurator for 
its assemble-to-order {ATO) products. 

MASS CUSTOMIZATION 
Firms involved in mass customization strive to produce customized goods that meet specific customer requirements 
while maintaining efficiencies that approach mass production (I'seng and Jiao, 2001). 

Traditional manufacturing firms employ mass production techniques to produce goods at the lowest possible cost. 
These firms are focused on attaining the highest exploitation of materials, facilities, and labor to produce a standard 
product at the lowest possible cost. Global competition has challenged U.S. companies to shift their focus from the 
product to the customer as a means to increase the value of the goods they supply. Sophisticated consumers demand 
more variety in the products they purchase, which has presented the opportunity for firms to enhance their 
profitability by providing value-added products rather than one-size-fits-all products. Mass customization enables 
the firm to reduce costs of production and logistics by utilizing information driven systems throughout the supply 
chain. 

Form Postponement . . 
Form postponement is the delay of product transformation processes until customer orders are received (Skipworth, 
2003). 

To support mass customization, manufacturing and/or assembly flexibility is achieved by postponing the final steps 
of transforming components into a final product. This allows the ~anufacturer to maintain the opportunity to 
customize final products without requiring extended lead-times. Form postponement reduces risk and unce$inty 
costs that are associated ~ith differentiated products (Alderson, 1950). Figure 1 demonstrates that at the micro 
supply chain level, form postponement moves the customer order decoupling point (CODP) from after final 
manufacturing to just before final manufacturing. The CODP is the point in the supply chain where a product is 
linked to a specific customer order. Before this point, products are forecast driven, after this point, products are 
customer-order driven (Skipworth, 2003). Instead of canying_finished goods inventories_for a variety of product 
options, inventories of generic product stock are maintained until a customer order requires a specific product 
configuration. This reduces overall inventory levels, as well as the risks mentioned earlier. · 

The form postponement depicted above shows the CODP generally associated with assemble-to-order {ATO) 
production. Final products are assembled from standard sub-assemblies and parts. The degree ~f customization that 
may take place is driven by the extent to which standard components can be used within a product line. Once a 
customer order is received, the appropriate sub-assembli~s are brought together, along with any purchased parts that 
may be required. Additional degrees of customization are available if a firm employs make-to-order {MTO) or 
engineer-to-order {ETO) approaches in their production processes. However, this typically increases lead-times and 
other supply chain elements come into play. This paper focuses on ATO production and its requirements. 
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Figure 1 (Skipworth, 2003) 

PRODUCT FAMILY ARCIDTECTURE (PFA) 
To effectively implement form postponement to support mass customization, the traditional view of individual 

finished products must be replaced by a family view of products. · Individual bills of material to support the 
increased product variety quickly become cumbersome and expensive to maintain. Product families are constructed 
by analyzing product lines and developing components based on their modularity and commonality. Tseng andJiao 
describe a process for developing a product architecture using their design for mass customization framework 
{Tseng and Jiao, 2001). The results of this process are standardized component modules (parts and assemblies), 
which can be combined in different ways to produce variations of a given J?roduct. Customer needs are fulfilled by 
configuring and modifying the components of the product family. In an id~al world, the components can be 
manufactured in mass production, while the final assembly steps are executed to a specific customer order, 
producing a customized product. 

PF A-based product development involves modeling the design process of a class of products to meet varying 
customer requirements. The steps required to analyze customer needs and develop the· functional varieties of a 
given product line are shown below. 

722 



Step 0: Preparation 
- Demand Data Collection 
- FFs Formulation 

Step 1: Product Line Rationalization 
- . Product Positioning 
- Analyzing Existing Products 

Step 2: Customer Grouping 
- Functional Modularity 
- Sets of FFs 
- Relative Importance of FFs 

li 
Step 3: Functional Classification 

- Functional Commonality 
- Functional Clusters 

.. , •. :-->-c-.-
u 
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Pareto Analysis 

Qualitative Classification 

Anafytic Hierarchical Process 
(AHP) -

Similarity Measure 

Fuzzy Clustering 

Step 4: Specification and Representation 
of Product Lines Center Vectors of Clustered Classes 

De:composition/Classification Tree 
(~nd/or Tree} 

- Base Values plus Variation Ranges 
- Modularity/Commonafity 

::z..-..-~-

Figure 2: Customer Requirement Functional View of a PFA (Tseng and Jiao, 1998) 

Product Family Architecture provides a common generic architecture and product structure for current and future 
products in the family. This design allows for the configuration of many product variants from a single product 
family structure. Choices are made from sets of options defined for specific functional features. Constraints are 
defined so that only feasible options can be selected. · 

PFA Bill of Material Construction 
There have been several approaches developed for the construction of~ill of material (BO,M) structures to support 
variable product configuration in the product family architecture. These include Variant BOM and Generic BOM 
(Jiao et al, 2000) , which are built upon ~ditional database_ management systems used throughout the 
manufacturing industry, as well as some lesser known object-oriented and programming notation models (Olsen, 
1998). This paper will briefly review two of these approaches. 

A generic BOM contains components for all of the variable configurations of a given product family. The 
appropriate components for a given final .product are selected from the instance nodes that are structured under · 
variety parameter nodes. The instance nodes ate structured as exclusive OR options so that only one of a p~cular 
set may be selected. In a traditional database, specifically a relational database management system (RDBMS), the 
generic BOM is modeled in tables representing the item master entity and the product structure entity. Product 
configuration is executed by selecting instance components representing the functional requirements of a specific 
product within the family. 
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Figure 3: A Generic Structure for Representing Variety (Jaio and Tseng, 1999) 

Another approach (or handling variant product structures is programming language notation (Olsen et al., 1995). 
This approach provides a high level o( flexibility in describing the parameters and constraints of the products. Since 
a product family architecture contains variable as well constant data to represent a particular product within the 
family~ a programming language has the constructs to model this quite easily, as shown in Figure 4 below. The 
primary drawback of.this approach is that it is somewhat foreign to the traditional way of representing bills of 
.material. 

body §400 is 
include §41 0; - cushion . 
include §420; - chipboard 
case seatColor is · · 

when red: include §451; - red ·seat cover 
when blue: include §452; -- blue seat cover 
when white: include §453; -- white seat cover 

end case; 
end body; 

Figure 4: A Programming Structure for Representing Variety (Olsen et al., 19~5) 

CASE STUDY 
The case study for this paper is a manufacturer of instrumentation and control products, competing in HV AC, 
chemical, food, oil and gas, energy generation, and pollution control markets. They have grown steadily at a rate 
exceeding 10% per year over the past 30 years, through acquisitions and new product offerings. A large percentage 
of the products they produce today are variants of basic product families. 

Approximately 15 years ago, prior to the proliferation of product lines and the variant volume level they handle 
today, there were just a handful of product families that offered variable final product options. At that time, modular 
bills of material were developed for these families. While the bill of material processor provided by the enterprise 
resource planning (ERP) system handled modular bills, it did not offer support for generic BOM processing. As a 
result, a computer program was created to assist with product configuration. This program contains the instruction 
logic and imbedded data to determine the modular components necessary to build a specific final product. As the 
number of product lines has grown, many more product families have been introduced into the system. There are 
now approximately 300 product families configured in this program. Each product family has its own set of 
imbedded data containing component information that is normally contained in a bill of material. The program has 
become quite unwieldy to modify as new product families are added, existing family components changed, and 
obsolete families dropped. The skill level required to make changes to the system is quite high as one must possess . 
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both programming skills and detailed product knowledge. One individual has maintained responsibility for this 
program since its inception, putting the company at a high level of risk should this person no longer be available. 

The existing system operates as follows. Sales agents and order processing personnel enter a product number in a 
BASIC program that determines to which family the product belongs. The programming module for that family is 
then called, which contains the imbedded component information and logic to determine selection criteria and 
constraint information (for example, variant x may not be used with variant y). This module constructs a BOM from 
the modular components based on selection codes entered by the user. There are two versions of the BASIC 
program modules. One version is a DOS-based PC program used by the company's sales agents. The other version 
runs on the IBM I-Series midrange computer where the ERP system also resides. This second version is used by 
order processing personnel who enter product orders into the ERP system. When a product variant is encountered, 
control is passed to the BASIC program which returns the modular components to the ERP system. 

There have been ongoing concerns about the long-term viability of the existing system, and within the past two 
years there was an attempt to develop a new system, with the imbedded data relocated to a database. This effort was 
not successful, primarily due to the complexity of the existing system and a lack of understanding about the required 
infrastructure upon which the system should be built. 

Prototype Generic DOM System 
A new redesign attempt is now underway using generic bills of material as the primary infrastructure, with elements 
of programming notation included in ancillary database tables. The generic BOM processor and product 
configurator engine for this system are programmed in VB.net. 
The generic BOM structure provides a logical extension to the modular bills currently in place in the ERP system. 
Product specialists can use their existing expertise to create and maintain family product structures for the generic 
BOM processor, as current skills in maintaining modular bills in the ERP system are easily adapted to the efforts 
required to develop and maintain the generic BOM structures. Unlike the current system, programming skills are 
not necessary to do this. 

Item as1er Product Structure 

Item Numoe-t Item Parent {fl() 
t---------1-Fis;..;a;;;.:s;;:..;se;;.;.m;.;.;;b~le.;;.d .;;..fro;;.;.m~io;l.-lte_m_C_o_m..:.p_on_e_nt...;:(_Fk)-=--a 
Item Description . 
Item type PS SequenceNumber 
Item Cott 1-+---o=es.,_1 __ n1 __ 0___,~ PS Qty Per 
Item Genen-c Mask PS Effective Date 
Item Un.ii of Measure PS S1op Oate 

is constraine-d b 

Parm Item Number (FK) 
Parm Priority 

Constr ltem Number (FK) 
Constr Priorit1 

Con$trType 
Constr Parm 1 
Constr Operator 
Constr Parm 2 

Parm Code 

Parm Oascriptron 

Figure 5: Data Model of the Prototype Generic DOM 
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THE GENERICBOM 
The recursive item .master and product structure relationships form the core tables of the database. Item master 
records are differentiated by item types as follows: 

Item-Type Code Record Description 

0 Model Series Family 

l EndPrpduct 

2 Sub-assembly or Component Part 

9 Variant Option Group 

Figure 6: Item Master Record Types 

Variant option groups, sub-assemblies and component parts all have the potential to be selectable through a 
matching process using a generic mask. The generic mask.is simply a field in the record that contains an option 
parameter. The record is selected if the matching parameter code is entered as. one of the -options on the product 
being configured. Compound codes constructed from multiple simple parameters are acceptable. 

Generic mask selection may be done at any level in the exploded bill of material, providing a ~eat deal of flexibility 
in how the generic product families are structured. Despite this flexibility, there were two issues that required 
additional capabilities within the system. First of all, parameter codes are not standard across ptodu~t families, so a 
means to determine what parameters are valid for a particular family had to be incorporated into the database. 
Secondly, business rules constraining the selection process also were required. These rules are very similar to what 
you might find in the programming notation approach to product family architecture, for instance if parameter one•is · 
selected, also include parameter two, or, do not allow two specific parameters to be selected together. These . 
business rules also vary by product family. To acc~mmodate these requirements (which also minimized changes to 
the business process), two additional tables were developed in the database. · 

Parameters and Constraints . . 
The parameter table specifies what generic mask parameters are applicable to a given product family and/or the 
individual products within the family. When this table is linked to the model series family, the parameter codes are 
valid for all products within the family. When this table is linked to an individual product, the parameter codes are . 
cumulative, that is the product may be configured by all of the family codes plus the individual codes. This allows 
for configuration exceptions within the family. 

The constraint table is where business rules are specified for a model series family and/or the individual products 
within the family. This table allows for program notation-like capabilities within the generic BOM database 
structure. Constraints provide additional selection criteria without imbedding logic specific to a product in the 
generic BOM proc~ssor or product configurator. Examples of constraints: 

Constraint Type Parameter 1 Operator Parameter2 
WHEN SPCL INCLUDE VIT 
WHEN BR EXCLUDE SST 
RANGE 0 TO 30 

Figure 7: Business Rule Constraints 

Constraints may be linked to all item master record types. If constraints are specified for model series families or 
end products, they are processed in a manner similar to valid selection parameters for the product, applied after 
parameters codes. If constraints are specified for variant option groups, sub-assemblies or components, they are 
processed in a manner similar to the selection mask, requiring a match for this item to be included in the BOM. 
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Prototype Test Results 
As of this ~ting, the prototype has been tested on one of the company's major product lines, and results have been 
very prom1smg. The generic BOM for this product family is used to configure over 80 different end products, with 
almost 20 parameter options, and over a half dozen business rule constraints, resulting in approximately i 0,000 
distinct end product configurations. All of these are configured using a single family generic bill of material, along 
with associated parameter and constraint table entries. There is no programming logic in the generic BOM 
processor or product configurator that is specific to the product family. 

The company plans to prototype at least one more product line containing more complex business rules and option 
variables to ensure the integrity of the system approach before moving ahead full scale with the program. 

CONCLUSIONS 
There has been a fair amount of theoretical research regarding the benefits of mass customization, approaches for 
handling product family architectures to support it, and alternate methods of implementation. The literature 
however, is more conceptual than practical. There are not many case studies to show the application of the research 
to real products that are dynamic and heterogeneous. Most of the research assumes that a company is at liberty, and 
willing, to completely redesign th.e product and/or the process. In reality, most companies are encumbered with 
legacy products and systems that to some extent must be maintained. 

In this case study, multiple approaches were required to handle legacy product lines that have evolved or were 
acquired over time. The solution had to be familiar, in terms of what company personnel were used to doing, and 
yet also flexible enough to handle the new requirements introduced by the generic BOM process. This case study 
demonstrates that applying the technology sometimes requires looking at all of the proposed approaches, sorting out 
what will work for a given set of products, and developing a hybrid solution. 
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ACCESS GRID (AG) AND ITS IMPACT ON COLLABORATIVE ENVIRONMENTS
WHERE DO WE GO FROM HERE? 

Nickolas Christopher, Lyndon Dallas, Mark Harris and Tiki L. Suarez 
Florida A&M University · 

ABSTRACT 
Access Grid is a collection of utilities used to create virtual collaborative environments. Over 20,000 users in 56 

. countries utilize the technology, and now in its 3rd major release of the software we wonder wliere the technology is 
headed. Is Access Grid the foundation for future or baby technologies in the works? What else is new and 
forthcoming for the marketing of Access Grid and furthermore virtual collaborative environments as a whole? .What 
do current users and developers of Access Grid think of its future itself.and its impact on virtual collaboration? This 
paper will explore Access Grid's status amongst users and discover what new emergences to which we should look 
forward. · 

INTRODUCTION 
Access Grid is a collection of technologies that have allowed people to communicate over a virtual medium in ways 
not easily done before. It is clear this product is established for businesses and academia, but is this where it stays? 
Even after years of usefulness, we wonder if there have been any major breakthroughs in the technology? Is the 
technology going to b~ marketed to the masses? Is it time to do this? How long will Access Grid be useful, and, if 
it's neither in a state of growth J!Or dec~ine, what is the next step? 

OVERVIEW OF ACCESS GRID TECHNOLOGY 
Access Grid (AG) allows global group-to-group communication via high-speeding networking through the Internet. 
Persons are able to interact from multiple sites using high quality video and·audio resources. This technology · 
developed by the Futures Laboratory at Argonne National Laboratory is deployed by the NCSA PACI Alliance 
(Suarez, 2006). As AG is considered much more than a the super form of videoconferencing, groups are able to 
conduct meetings conveniently from the desktop of their homes, laptops at work and, for large venues, the use of a 
school auditorium's computer projection screen (Access Grid, 2007). 

Traditional Access Grid Nodes (AGNs) are utilized within a room large enough for all of the necessary equipment.· 
The room contains furniture and three-projection screens to display the meetings parti_cipants. It is also here where 
participants can give presentations, and show any information they've held on their personal computers (i.e., 
PowerPoint presentations, movies, spreadsheets). The AG technology simply turns into a virtual chat room, 

. providing simultaneous camera views, and an echo-cancelled audio environment (McKnight, Washington, 
Christopher, Suarez, 2006). , 

The Personal Interface to the Grid (P.I.G~) is used to allow persons to connect to virtual venues via laptop or 
· desktops systems. Although the node can vary through several sources of h~dware design, the current personal 
node platform is a Windows or Linux computer (Gaddis, Dallas, Clay, Mercer, Suarez, 2006). The personal node 
carries a built in sound card, uses a microphone, a USB or Firewire video camera, and headset. No matter what type 
of node is being used each user has the ability to access every user and is capable of storing or sharing data within 
the collaborative environment. 

The hardware equipment used for a full AGN is classified into three components. C~mputing equipment uses four 
computers to run the nodes, along with the associated adapter cards, network hardware, monitors, keyboards, etc. 
Media equipment includes the audio processing hardware, microphones, speakers, video cameras, etc. Projection 
equipment includes projectors for the display, mounting hardware, screen materials, etc. (Gaddis, Dallas, Clay, 
Mercer, Suarez, 2006). 

When using AG, groups meet using a Virtual Venue (VV), which is similar to an online chat room. When 
individuals or groups utilize the virtual venue software they select one of several group conferences to attend via the 
Web. The venue creates rooms where participants gather via the Internet for Access Grid sessions. Each session has 
an event server, event controller, video listener, and an audio listener. The event server acts as the project m~ager, 

728 



Proceedings of the 2007 IEMS Conference 

interacting with the resource managers on the audio computer, display computer, video capture computer, and the 
Virtual Venue server. (Suarez, 2007). 

The users and developers of AG are comprised of research institutions, universities, and business organizations from 
around the world. These groups form the Access Grid community and their continuous work is the crux that drives 
the Access Grid project. The community forms smaller global communities of users and developers to maintain an 
open field of communication and to actively promote the growth of the project. Communities issue newsletters, use 
mailing list, schedulers, host retreats, tutorials, and also provide listings of shared applications, virtual venues and 
servers to be used by the global population. The Access Grid is dependent on their attempts to create new 
improvements and also introduce new applications that will develop the current technology. 

CURRENT .STATE OF ACCESS GRID TECHNOLOGY 
Access Grid as the community knows it is an evolving technology with the purpose of creating, innovating and 
enhancing collaborative learning environments. This technology is utilized to share information by using streaming 
video and audio over high-speed Internet connectivity. This is an examination of the current state of Access Grid, its 
purposes, uses and the technology that maximizes the sharing of information in a rich media format. 

Access Grid was created with the intention of bringing together different users onto one medium by creating 
collaborative learning environments (Benjamin, Suarez, and Archibold, 2004). Currently, Access Grid is used 
primarily by universities and research institutions. Researchers and instructors use AG to share information in a 
faster and more focused environment where everyone in the room can participate at will or choose to just watch. It 
provides an experience similar to being in the same room with people from across the globe. This makes Access 
Grid a very attractive technology, because very few mediums provide the wide range of services that Access Grid 
offers. With that said there are drawbacks to this technology that inhibit its growth into a mainstream media outlet. 

One of the drawbacks to this technology is that it is currently limited only to these institutions, for various reasons. 
First, in order to operate an actual node, it requires very specific training and knowledge of the hardware (Suarez, 
Benjamin, McFadden, 2005). Furthermore, as with all software, there are times when issues concerning . 
compatibility and user friendliness arise. For example, in an interview with one of the project's respondents, the 
interviewee commented on how sometimes her screen saver will pop up, ~d this can cause problems for the user 
and the viewer. This type of incident interrupts the person giving information and the recipient. These issues among 
others are common in the Access Grid community. . 

With that being said, one would question its marketability. It is the; general consensus that Access Grid is not a 
technology that is readily marketable to the masses. It is very software and hardware intensive. It takes a well".' 
trained, tech-savvy operator (sometimes expensive) to successfully run a node on a continual basis. At this point, 
Access Grid is not ready to compete with the limited number of current competing technologies, not for its lack of 
features, but for its problems with hardware, software and the number of users who actually use the technology as a 
medium for communication and collaborative learning. · 

METHODOLOGY 
The principal task in answering 'What is the future of Access Grid' was to determine the state of Access Grid and its 
future with a plan to gather information from people who are active in the Access Grid community. The choice to 
use interviews as the method to generate data proved to be the most effective in answering such a seemingly 
common question amongst users in the Access Grid community. By asking the current users wh!1t they foresee 
Access Grid to be is arguably a true indicator of the real future of Access Grid. The primary method was to seek out 
regular users of the technology with the purpose of obta~ing a wealth of answers to the question of 'What is the · 
future of Access Grid?' · 

The first task was to draft a series of questions aimed to ascertain three main areas of knowledge in regards to 
Access Grid~ It was settled to have three different question sets during each of the interviews. The first question set 
was designed to gather background information on the user, such as their level of experience, time using Access 
Grid, and their main uses for Access Grid. This was done to get an understanding of the level of expertise and 
insight they could offer. The second set of questions was intended to be used as a quantitative assessment of Access 
Grid. This series of questions was asked using a five point Likert scale to determine the interviewee's opinion on 
main parts of Access Grid that needed to be further analyzed. Questions asked dealt with the reliability, user 
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friendliness~ and marketability of Access Grid for two purposes: one, to try to understand the attitude of the users 
towards the technology and two, to gather qwµititative data to see if we could determine the future based on the 
trends and opinions of the users. The last set of questions was more subjective and allowed each interviewee to 
expound upon their perceptions and feelings toward AG's current state. As part of this section, each interviewee was 
requested to view Access Grid as a product created by a business in a competitive market and to describe where they 
would view Access Grid on the business product life cycle model and how they and/or their institutions viewed AG 
in a SWOT (Strengths, Weaknesses, Opportunities and Threats) Analysis. This setup particularly allowed 
classification each respondent's opinions. , · .. 

Figure 1: Questionnaire Organization 

RESULTS ANALYSIS 
First, exploring background information, all four interviewees have been using Access Grid for at least 5 years ( one 
of whom has been using Access Grid almost since its inception). Three of the four use Access Grid daily for 
meetings and collaborative work. One of these three daily users uses it more than once a day for meetings. Two of · 
tbe four interviewees described themselves as technically savvy AG users. All were asked if they used Access Grid 
for one or more of the following purposes: teaching, research meetings, seminars and conferences. All respon4ed 
positively for using Access Grid regularly for researching meetings and collaboration; however, one specifically 
noted experience with AG usage ·in all of thos~ areas at some point. 

The second section was subdivided into' two parts: the first to query user perceptions regarding the necessity for 
improvement in Access Grid software and the second to query user and institutional perceptions regarding Acces~ . 
Grid status. Each interviewee was given a statement with which they could disagree or agree on a scale of 1 to 5 (l 
being strongly dis~gree, 5 being strongly agree and 3 being neither agree nor disagree). The first five statements in 
this section queried each interviewee's perception that Access Grid either requires or. does not require improvement 
in the following areas: coding, compatibility, user.:friendliness, documentation and accessibility. The two 

· interviewees who described themselves as more technically oriented AG users responded positively that Access 
Grid needed coding improvements to decrease bugs and other software faults while the other two refrained from 
responding. For compatibility issues (in the ability for Access Grid to interoperate amongst different operating 

. systems and other means of virtual collaboration), all agreed Access Grid required improvement (two of whom 
strongly agreed). In·regards to user-friendliness, one neither agreed nor disagreed that AG needed improvement in 
that area, while two strongly agreed and one agreed that AG needed work in that area. For documentation, three of 
the four strongly agreed AG needed documentation improvements for version 3.x (two respondents specifically 
stated documentation for version 2.x was quite adequate), while one neither agreed nor disagreed. The last 
improvement statement, accessibility, was split evenly across the four interviewees. Specifically, accessibility refers 
to the ease of obtaining, installing and running AG software on demand. One interviewee agreed, another. disagreed 
and two neither agreed nor disagreed. 

Statements 6 through 12, the second part of section two, queried each interviewee's perception regarding Access 
Grid's current status and future work. Statement six queried the respondents of who they perceived uses AG 
technology. Three of the participants agreed that AG technology is a tool utilized and contained within an inner 
circle of people, one neither agreed nor disagreed. Statement seven questioned whether Access Grid has been 
attracting new users at an acceptable rate. Two respondents strongly agreed that AG is attracting new users at an 
acceptable rate, while one strongly disagreed and the other formed no opinion either way. When asked if AG is in a 
stagnant state, respondents' replies were split evenly, two agreed and two disagreed. Statements ten and eleven 
queried respondents' perceptions regarding the potential for initial start up and perpetual costs to setup and operate 

730 



Proceedings of the 2007 IEMS Conference 

an Access Grid node to _be expensive. Two agreed that AG is expensive, one disagreed and the last participant was 
not able to respond. Ultnnately, when considering their experiences with AG, participants feel that AG will be 
around for sometime and is a worthy investment for their organization. 

The final section is composed of open-ended questions, which provide more subjective responses. Regardless of 
how any individual, organization, or institution classifies the Access Grid, it is a product. It is a product that is used 
to bring the global population closer than technology ever been capable of. Therefore, with the intention to analyze 
AG as a product, participants were asked to answer questions that addressed AG in a business contextual setting. 
First, respondents were briefly refreshed with an understanding of the life cycle and asked to place AG into a period 
that reflects its current status. Then participants analyzed the Access Grid using what is known as a SWOT analysis. 

The product life cycle consist of five interval periods: development, introduction, growth, maturity, and decline. 
During the product development stage costs are very expensive, there are no revenues, and losses occur. The 
introduction stage requires an organization to create demand for the product and customers have to be prompted to 
try the product. While' introducing the product, costs are high, sales tend to be at a low, and little or no competition 
exists. When the growth period occurs sales volume increase significantly. As the public becomes more aware, 
competition increases as new organizations enter the market. When the maturity stage follows, organizations 
become more established and there is a decrease in cost. Companies reach peak sales volume and begin to attempt 
brand differentiation and search for other methods of diversification. When the final stage arrives, product decline 
( also referred to as product stability), sales decline or stabilize and prices/profit diminish. In the decline stage profit 
becomes more a challenge of production/distribution efficiency than increased sales. 

Two surveyors responded that Access Grid is in the introductory period. Customer demand is still a necessary factor 
for the success of AG, and usage among a larger client populace is strongly desired. The goal is to have the 
technology extend throughout every market, becoming a ubiquitous technology used all over the world. The other 
two members agreed that the technology is currently in the growth stage. One member in particular described that 
for many AG is evolving into the maturity stage. As a user since the inception of Access Grid he feels that there are 
many users that conduct business with the technology on a regular basis. Many users' daily operations are 
accomplished using the Grid. Ultimately, after a dependency for its tools has taken hold users seem to eventually 
take the resources for granted. From this perspective AG is perceived as a mature product. However because of the 
enlargement of the consumer population and the desire for further customer expansion, Access Grid is in a growth 
state nonetheless. 

The SWOT analysis helps to answer questions about the longevity of the access grid by viewing it in terms of a 
business. SWOT Analysis is a strategic planning tool used to evaluate the strengths, weaknesses, opportunities, and 
threats that are involvect' in a project or in a business venture or in any other situation of an organization or individual 
requiring a decision in pursuit of an objective. It involves observing the marketing environment internal and external 
to the organization or individual. 

Strength: attributes of the organization that are helpful to achieving the objective 
Weaknesses: attributes of the organization that are harmful to achieving the objective 
Opportunities: external conditions that are helpful to achieving the objective 
Threats: external conditions that are harmful to achieving the objective· 
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The following.table is a compilation of the responses given by participants of the survey. 

Tablet: SWOT Analysis of Access Grid Technology 

• Dedicated user base 
• Only limited by bandwidth 
• Ability to communicate at the spur of the 

moment 
• Runs over IP Network 
• Open-source 
• Free software 
• Ability to create shared applications to 

enhance collaborative meetings 

• Ability to take the software and customize 
• In case of emergency, opportunity to turn 

_ on and work with multiple groups 
• Can re-:-sell according to license 

• Not everyone can use it or has access to it 
• Shared applications don't work reliably 

and predictably 
• Same people who are promoting it have 

been doing it forever .,. 
• Lack of new users with new ideas 
• Doesn't work well at hotels or at home 
• Shared applications don't work reliably 

and predictably 
· • Reliant upon multicast (will hopefully 

chan e) 

• AG has a smaller user base than H.232. 
H.232 may take over. 

• Encryption not available 
• High-definition video conferencing~ if AG 

doesn't rapidly develop in that area, it 
could lose clientele in that area . 

CONCLUSION 
Access Grid has come a long way since its inception and has repeatedly proven to be an excellent technology_with 
the potential to make a great effect on virtual collaborative technologies and even change the way business and 
research is done around the world. One can easily see the opportunities here, but looking at the weaknesses and 
threats to the software, it is_ clear that Access Grid requires some immediate work and attention if it is to reach that 
goal. Access Grid can be buggy, problematic, difficult to use and not easily accessible to some, but it is agreed by 
· respondents that it is still very much a product in development. Some might believe we should take what we ha~~ 
now and push it to the masses, but it is clear that plan may lead to loss of potential users due to technical problems -
arising in current software versions. Access Grid has a way to go to become a well-marketed, reliable and robust 
product beyond the research and academia markets. Furthermore, Access Grid nee~ to progress immediately to 
compete with emerging technologies such as HD ·video conferencing to gain a foothold in new markets and avoid 
losing current devotees and meet other important user needs such as privacy. The purpose of any product is to meet 
the needs of the customer, and if Access Grid does not do just that, it will not survive in the face of the customer. 
Lastly, new and renewed funding is being sought by Access Grid developers to continue the project, and new 
projects are starting that intend to organize Access Grid software in a simple, easy-to-install package for the end
user and further more market to high schools. So, Access Grid isn't going anywhere anytime soon, and following 
AG through the next several years should lead us into new phases and great improvements. 
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STUDENT ASSESSMENT AND INITIAL PERCEPTIONS OF INFORMATION LITERACY AT 
FLORIDA A&M UNIVERSITY (FAMU) 

W.-Devin Cobb; James Washington, Brandi Twiggs and Tiki L. Suarez 
· · Florida A & M University 

ABSTRACT 
The 21 st Century classroom relies heavily on technology to (acilitate active learning. As technology advances, 
students and professors become increasingly reliant upon the presence of this.technology. oiie of the goals of 
Enterprise Information Technology (EIT) on the campus ·of Florida A&M University (F AMU) is to provide the 
environment necessary to allow Florida A&M University students and faculty to move forward with the techno
logical needs of the 21st Century. Thi's paper will seek to assess students' perceptions and utilization of information 
literacy. We plan to introduce and utilize an assessment model that will evaluate students' information literacy 
perceptions through a survey. This survey will be administered to a sample of undergraduate students ranging from 
the freshman and sophomore levels. 

INTRODUCTION 
Florida A&M University is currently going through the SACS accreditation process. In order to prepare for 
accreditation, the Southern Association of Colleges and Schools (SACS), Quality Enhancement Planning (QEP), 
and Institutional Effectiveness initiatives must create a project plan that comes together as one complimentary plan. 
This plan includes administering a survey to a sample of undergraduate students to obtain an assessment of their 
perceptions and utilization of information literacy. Through the use of an assessment model, a survey will be 
created and administered to students in order to gauge their perceptions and utilization of information literacy. 
Students will be asked to define information literacy in terms of being aIJ effective student, utilization in their 

_ discipline of study, and being successful in the workforce. The results/feedback will be analyzed in order to 
determine how confident our students are in information literacy. 

OVERVIEW OF INFORMATION LITERACY 

Information Literacy Defined · 
Information literacy is defined as the ability to proficiently utilize relevant IT solutions (Instructional 
Technology/f echnology Information Literacy, 2007); this ability allows students to accelerate their retention and 
graduation through programs like Microsoft Word, and career success through the use of accounting software, like 
the PeopleSoft finance module. Information literacy further all9ws individuals to recognize when information is 
needed and how to locate, evaluate, and use the needed information effectively (Association of College & Research 
Libraries, 2007). These abilities are increasingly important in today's environment of rapid technological change 
and growing information resources. Because of the complexity of this environment, individuals ate faced with 
diverse, abundant information choices, ·particularly in academics. Information literacy is related to information 
technology skills; information technology skills enable an individual to use computers, software applications, 
databases, and other technologies to achieve a wide variety of goals. Information literate individuals necessarily 
develop some technology skills. Our research extends to assess students' perceptions of technology information 
literacy in their academic lives and career goals. As the technology in information literacy moves forward, so must 

· the knowledge educators in order to implement them. 

Objective and Purpose 
One of the goals of Enterprise Information Technology on the campus of Florida A&M University (FAMU) is to 
provide the environment necessary to allow F AMU students and faculty to move forward with the technological 
needs of the 21 st Century. F AMU is currently going through the SACS accreditation process. In order to prepare 
for accreditation, the SACS, QEP, and Institutional Effectiveness initiatives must create a project plan that comes 
together as one complimentary plan. This paper seeks to assess students' perceptions and utilization of information 
literacy. We plan to introduce and utilize an assessment model that will evaluate students' information literacy 
perceptions through a survey. This survey will be administered to a sample of undergraduate students ranging from 
the freshman and sophomore levels. Through the use of our assessment model, the results of the survey will be 
measured and analyzed to assess their perceptions and utilization of information literacy. 
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. ATL-ACADEMIC TECHNOLOGY LABS 
A~L IS short for Academic Technology Labs, a new initiative implemented by FAMU's EIT department in order to 
build a ~~nter where stude~ts _can go to fulfill all of their computing needs. This project calls for the renovation of 
underuttbzed s~ace and buddmg of a technological c~nter where students can come, not only use technology, but to 
learn to ~aster It and ~e that mastery to secure job placement. The lab is not just for students; faculty can also 
a~ess thi~ _techn~logy m order_to cr~ate a better teaching environment for the students. Some of the technology that 
WI!l be utih~d wdl be podcastmg, video conferencing, PeopleSoft finance and accounting and Microsoft Office 
Smte (See Figure I). ' 

Figure 1: F AMU and ATL Strategy . 
Source: F AMU: Strategic Direction for Learning Communities/Networking (& Retention) 

FAMU and ATL Strategy 
• Specialty 

Labs 
Apple 
Scholars 
Math labs 

ATL was designed with some basic questions in mind. First, what skils will a student.need to be effective? Second, 
what skills do students need to transform from an underclassman into an. upperclassman? Finally, what skills does 
an employee need to be a better employee (Larry Henderson, personal communication,February 23, 2007)? There 
is this digital divide between some of the bigger universities and HBCU's like FAMU, and ATL was built to not 
only cross it, but to leapfrog over it. 

The lab will consist of different levels each created .with a specific goal in mind that wili utilize technology to reach 
out to each, student and help them leapfrog the digital divide to make them more information literate. The first level 
is the E-foyer; this level is for short-term access to tlie internet and other resources. Students will be able to check 
their e-mail, and perform short searches for information, ultimately utilizing all resources l O minutes or less. The 
second level of A TL which resides immediately after the E-foyer is the Digital Cafe. The Digital Cafe is created for 
people who are a little more comfortable with a "digital lifestyle." The amount of time spent in this area may range 
from twenty minutes to several hours. The Digital' s Cafe' s goal is, not only to satisfy the needs of those students 
who know how to use technology, but to increase the pr~ficiency in use of technology of those students who don 't 
know how to use it. Open labs will be the third level of A TL. This section will allow students to congregate . · 
together in groups or to use on an individual basis to complete homework assignments. Students who may not have 
access to the internet or a computer in their dorms or apartments will be able to use this facility to complete their 
work. All of the computers will contain the necessary software needed to complete most advanced assignments, and 
time will not be a factor because the open labs are designed for students to be in them for hours. 

Special Academics labs will also be incorporated into the A TL project. These are labs that are set aside for student 
tutoring, and assistance with any and all academic work. Peer and expert tutors will be on call to help those students 
who need assistance. In addition, one of the most important areas of A TL project is the External Certification labs. 
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These labs provide testing' areas, as well as centers for certification in many of the technologies that will help 
students get ahead. The following subset of software installed on the lab's computers will include PeopleSoft tools, 
Microsoft tools, SPSF, and Cisco·software. The labs will not only be open to students but to people in the 
community as well. These labs will assist individuals who may see some of the software in the future when they go 

. for employment. Each of the labs will have an open set up that is designed for efficiency of space and ease of use 
for the students. · Finally, a research and an electronic store similar to Radio Shack, will occupy the remaining space 
(personal communication, February 23, 2007). Facilities will be provided for individuals who desire to work on 
their research. Lastly, the technology store will assist students who have· problems with their computer hardware, 
need troubleshooting, or allow them to order and purchase computers and computer equipm~gt on the spot. All 
departments and schools on campus will have access to this facility as it is designed to increase the information 
literacy of all students. Since the project is in its initial stages, there are plans for A TL sub-labs for each school and 
college on F AMU's campus with ev~n more specialized software and certifications. 

MEIBODOLOGY: OVERVIEW OF INFORMATION LITERACY AND ATL (PERCEPTIONS AND 
UTILIZATiON) SURVEY 

In order to assess FAMU students' perteptions and utiliz.ation of inforniati~n literacy, a survey was modeled after a 
previous questionnaire utilizing the Technology Assessment Model (TAM) (Suarez, Friday-Stroud, and Hill, 2006). 
The survey was developed with three major points in mind: · · 

1. How much previous knowledge and utiliz.ation of IT does it take to be a successful student? 

2. . What is the current ritiliz.ation ofIT in the student's particular disciple? 

3. What IT knowledge will the student need to transfer to the workforce as a new employee? 

The survey begins by collecting background data on the participant; such as age, gender, classification, and parents' 
educational background. This data is necessary and will help us to properly analyze and classify our results. The 
next questions on the survey attempt to ascertain the participant's previous knowledge and utilization of IT and IT 
learning tools, by asking questions -such as: 

• What is your skill level when using the Microsoft Excel or Word programs? 

•· Have you ever utilized digital classrooms or distance learning tools? 

The survey then goes on to ask the participant about their current perceptions and utiliz.ation of digital classrooms, 
distance learning tools, and ATL. Some of the questions asked were: 

• Do you agree or disagree that using digital classrooms/specialty labs would increase your interaction 
and collaboration productivity? 

• Do you agree or disagree that the A TL implementation will result in improvements in the quality of 
education? 

The last section addresses the knowledge the participant will transfer ~o the workforce, by asking the participant 
what IT skills he/she believes they will need in their career and whether they feel F AMU will provide them. Some of 
the specific questions asked are shown below: 

• Do you feel your Department/School adequately exposes you to technology that you might use in the 
workplace? 

• Do you feel your Department/School adequately prepares you to command technology in the 
workplace? 
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ANALYSIS 
The survey was distributed to approximately 110 freshmen and sophomores on F AMU's campus over a two-week 
period. The participants received hard copies of the surveys and were asked to complete the survey on the spot. 
They were also told that the survey would take approximately 15 minutes, and needed to be filled out completely. 
This was not a particularly easy task as it took a lot of coordination between the surveyors and the teachers. The 
te3:chers also showed a lot of patience as they allowed their classes to be interrupted for the purpose of this survey. 
The survey results are discussed below. 

1. Background information (demographics, parent/guardian education and occupation and past use· of 
technology in high schools) 

2. Current discussion of ~echnology on campus ( email, specialty lijbs, digital classrooms, preferred 
method of communication), 

3. Initial perceptions of the impact of ATL, and 
4. A perception of future use of technology as it pertains to the workforce. 

Survey question utilized either a five-point Likert scale (identified as Ql-Q3 for each Section) or three-point rank
order questions (RMI-3). A subset of survey questions within the three sections are listed below: 

Sectionl.Ql: Have you utilized or participated in a group meeting using video conference technology? 
Sectionl.Q2: Have you taken an online or distance education course in High School? 
Sectionl.Q3: What is your Parent/Guardian Education 

Section2.Ql: Have you taken an online or distance education course currently on campus? 
Section2.Q2: When using technology for online or distance education, what is your preferred distribution method? 
Section2.Q3: I have utilized digital classrooms or specialty labs currently on campus 

Section3.Ql: I believe that the ATL implementation will result in improvements in the quality of education 
Section3.Q2: I believe that the ATL implementation will result in improvements in the communication across 
functions, departments and schools 
Section3.Q3: I believe that the A TL implementation will result in improvements in the overall focus on the goals of 
FAMU 

Section4.Ql: Do you feel that FAMU offers enough technological classes? 
Section4.Q2: Do you believe technology can help you prepare f9r certification exams like the CPA and CF A? 
Section4.Q3: Do you feel your Department/School adequately exposes you to technology you will use in the 
workplace? , · · 

RMl-3: Rank from 1-3 the methods of learning you found most helpful in learning technological concepts in the 
class: ( audio/visual, guest speakers, and class activities) · 

Section 1 Analysis: . 
The overall survey population consisted of sophomore (67%) and freshmen (33%) students, 57% of the students 
were female and 43% were male. Over 46% of the students' parent/guardians received at least at bachelor degree. 
Over 74% of the students had taken an online or distance education course in high school. From this data we can 
surmise that the majority ofFAMU students ·are at least nominally information literate, since online and distance 
education courses require students to be able to perform simple computer functions such ·as email retrieval and 
program operations. However, only 37% had taken an online or distance education course on F AMU's campus. 
When asked what the student's preferred distribution method is for online and distance education, over 27% of the 
students reported they preferred self-taught technology and 37% preferred instructor-led technology (see Figure ·-I). 
These survey responses demonstrate that there is much room for growth in online and distance education courses at 
F AMU and that the majority of students would prefer these courses to be instructor-led, ATL has the ability to fill 
both of these needs. 

737 



Proceedings of the 2007 IEMS Conference 

Figur~.2: Preferred Online or Distance Education Distribution Method 
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Sections 2 & 3 -included an analysis of students' perception of the current technology on campus and the initial 
perceptions of the impact of A TL. Section 2 asked students about their previous experiences with technology such 
as video conferencing and distance learning. Students were asked about their ideas of how their education at F AMU 
would be affected by the new technology. The results· of the survey show that freshman and sophomore students 
feel that the presence of advanced media centers would provide a great asset to our University. As globalization 
becomes a greater factor of business success, the need to network synchronously and asynchronously is growing in 
importance in the academic and professional arenas. Over 85% of the students stated they believed media centers · 
that include digital classrooms and specialty labs such as A TL would be easy to use to interact with others around 
the world. Furthermore, over 56% of these students stated they believed the technology found in digital classrooms 
/specialty lab:, would improve their class performance. Examples of some of this technology include a podcasting 
center, math and language labs, teleconference rooms, and testing centers. Furthermore 68% of the students stated · 

. that they believed that the A TL implementation would result m improvements in the quality of education. 

Figure 3: ATL Implementations Effect on the Quality of Education 
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Section 4 Analysis: 

Results of the survey with Section 4 further indicate that 49% of the students either disagreed or strongly disagreed 
with the question that F AMU offers enough technology classes. However, the survey was limited to freshmen and 
sophomores, who may not have been exposed to the technologies that they may need to be effective in the work
place, so this percentage may not be representative of the entire F AMU population. The capability for business 
students to prepare for certification exams in the media centers will be extremely beneficial. Survey results stated 
that 71 % of the students believe that technology can help them prepare for professional certification exams like the 
CPA and CF A. A TL is being built with these students in mind as this type of technology will be offered and utilized 
there. Video conferencing is a very prevalent technology now, and as the world becomes more technologically 
advanced, and globally connected it will be more essential and beneficial. Collaborative environment technologies 
such as Access Grid will allow students to interact with individuals from all over the word in realtime (Suarez, 
2007). Over 83% of the students believed that technology similar to Access Grid and other video conferencing 
technologies will help them with future networking opportunities. Lastly although over 29% of the surveyed 
students stated they were undecided about the way they felt concerning if their department/school adequately 
prepared them to command technology in the workforce, over 37% stated they either agreed or strongly agreed to 
this question (See Table I). This statistic was somewhat surprising because our expectation was to see a greater 
percentage of the students to not feel adequately prepared by the school for commanding technology in the 
workforce. However, this bodes well for A TL because if students believe they are prepared for workplace 
technology now, they wilJ be able to take better advantage of it when they get more. 

Tabl 1: Department/School Technology Preparation for the Workplace 

F uenc Percent 

Stron A ee 6 5.26 

A 25 21.93 

31 27.19 

Dis 36 31.58 

16 14.04 

- CONCLUSIONS AND FUTURE WORK 
The technological needs O students, professors, and professionals are always changinf thus:: l:~:~:~:n:~;:e 

be "d d · advanced learning environments in order for professors to proper Y prep 
1
. 

must prov1 e m . . f h dents surve ed stated that they had taken an on me 
productive professionals in the workforce. A maJon\ o dt e :i f online ~ourses on FAMU's campus. This can 
course in high school, yet a very small ~:rcenta;t t; F~ d~:; not offer enough teclmology courses. Florida 
be explained by 49% of the_ students fe~ mg as ou IT de artment seeks to provide the environment 
A&M University's _Enterpnse Iofonnatton Technol~!;!d ~thp the latest technological needs. This environm"°:t is 
necessary to allow its students and faculty to m_ove hn 

1 
Labs (A TL) on campus. The perceived need for this 

to be provided through the creation of Academic Tee ~ o~ however faculty members will also be instrumental in 
facility has only been analyzed through s~d_ent pe::~ iv:s~ oint sh~uld also be investigated. The sample of 
the implementation and use of the new facihty, an err vdi:wp t d believed that their academic performance 

• t · upgraded me 1a cen ers an 
students surveyed expressed great mt~res m . w ·th the execution of Academic Technology Labs on 
would be positively affected by A TL nnplemen~tton. . ·1 

. t m· the quality of education will result. campus, an nnprovemen 

739 



Proceedings of the 2007 IEMS Conference 

REFERENCES 

Association of College & Research Libraries, Retrieved 12 Dec 2007 ~ 
<http://www.ala.org/ala/acrl/acrlstandards/informatio.Qliteracycompetency .htm#iltech> 

Instructional Technology/Technology Information Literacy, Retrieved 10 Jan 2007; 
<http://en.wikibooks.org/wiki/Instructional_ Technology/Technology_ Information_ Literacy#Technology _ I 

nformation _ Literacy> 

Suarez, T.; Friday-Stroud, S. and Hill, A. (2006). Students' Perceptions of Access Grid Technology 
as a Synchronous Distance Learning Tool. 3rd Annual Management Faculty of Color Association Conference 
(MFCA). 

SuareZ; T. (2006). "Access Grid Technology in Classroom and Research Environments." Special Issue on High 
Performance 1/0 Architectures and Systems. Journal of Supercomputing. 

740 



Proceedings of the 2007 IEMS Conference 

UTILIZATION OF ACCESS GRID TECHNOLOGY FOR STUDENT ORGANIZATIONS AT 
FLORIDA A&M UNIVERSITY 

Kia Alford, Allison Groomes, Raquel Hill, LaJoy Mercer and Tiki L. Suarez 
Florida A&M University 

ABSTRACT 
Access Grid Technology has infinite applications that allow individuals from remote locations around the nation ~d 
the world to interface with one another. The presence of access grid nodes on college campuses is steadily 
increasing. Student organizations can·utilize this technology to collaborate with organizations at other universities 
and colleges. The purpose of this paper is to explore the utility of Access Grid Technology for student organiza
tions at Florida A&M University. Our preliminary research is based on interviews with student organizations and 
surveys. · 

INTRODUCTION 
Colleges and universities are full of student organizations that operate on a national/international level or operate on 
a local level with a goal/objective that may have a broad scope. Access Grid technology can allow such 
organizations from various ~ampuses to "meet" and collaborate (Access Grid, 2007). · The synergy infused by such 
meetings could lead to ideas and initiatives that could revolutionize the country or simply improve campuses and 
local communities. Florida A&M University (F AMU) has hundreds of student organizations. University 
administration and faculty have shown interest in providing these organizations with greater access to its current 
information technology resources, as well as potentially expanding those resources; one such resource is the 
university's Access Grid technology. In an effort to assist administration in pursuing these efforts~ as well as 
increase utilization of the university's node, the FAMU Access Grid Task Force gathered data for identifying the 
anticipated usefulness and benefits. This paper addresses the benefits that Access Grid collaboration can offer to on
campus organizations such as Student Government Association and the National Association for the Advancement 
of Colored People (NAACP) and initial perceptions of its use. Results o(each ofthese efforts are outlined in this 
paper. 

ACCESS GRID TECHNOLOGY 
Developed by the Futures Laboratory at Argonne National Laboratory, Access Grid technology (AG Technology) is 
a dynamic program that supports group-to-group communication by using high-speed networking over the Web. 
(Gaddis, Dallas, Clay Mercer, Suarez, 2006) Users of the program are able to meet with people around the world via 
audio and real-time video. AG Technology will allow users to share information and administer presentations 
amongst participants. (Suarez, 2007) This ability to interact with numerous groups in various locations can 
potentially benefit national clubs and organizations, allowing them to exchange information with other chapters 
across the nation. If used correctly, organizations on the campus of Florida A&M University can increase their 
productivity, efficiency, and share ideas by using AG Technology. · 

Access Grid Technology is housed and utilized on F~orida A&M University's campus within the Instructional 
Technology Department located in Coleman Library. The room is arranged to accommodate approximately 40 
participants. Multiple cameras and sensitive microphones are located around the facility iii order for other AG 
technology users to view activities occurring in the room, presentations (Suarez, Benjamin, McFadden, 2005). All 
participants of the conference are projected onto a large screen, typically the size of an entire wall. Node operators 
are in charge of what video and additional session materials are projected onto the screeri. Ultimately, this system . 
allows for simultaneous interaction betwee~ groups, and becomes a virtual meeting room. (Gaddis, Dallas, Clay, 
Mercer, Suarez, 2006). 

As stated previously Access Grid Technology has a. lot of potential to benefit the clubs and organizations on the 
campus of Florida A&M University. It allows them the opportunity to share information with other chapters of their 
organization worldwide. The money it takes to compensate a node operator is also considerably less than the large 
sums of money it costs to transport and lodge members of organizations to and from conferences. Furthermore, this 
technology allows those members who were not able to afford to attend to participate as well. However, some of the 
negative disadvantages to the technology include time zone differences between users, extensive training that is 
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needed in order to opera~e the technology, and the complex interface ~hich can cause problems for both novices and 
· experienced users of AG technology. (McKnight,_ Washington, Christopher, Suarez, 2006). The issue of time 

difference can be overcome by detailed confirming a specific meeting time with all participants. Efficiently training 
users of AG technology can help overcome the latter of the two disaqvantages. Overall, the benefits that the 
program can provide, far outweighs the cons. 

STUDENT ORGANIZATIONS 
Student Organizations are the foundation and core of the college social life. Whether a student joins a campus 
organization in.their freshman year and or at the very last month of their senior year, the relationships that are built 
will last a lifetime. Most importantly, students can develop themselves personally by participating in events where 

· they can build leadership and interpersonal skills. For example, in student government, students can have an 
increase in political liberalism, hedonism,. artistic interest, and have greater satisfaction with student friendships. 
Many students come to college to earn a specific degree, however what they fail to realize is that the learning does 
not stop in the classroom, it only just begins. Life long friendships are develope~ students interact with others in 
their field with the same interests, and they also get a relief from classes. Student organizations exist to enhance 
school spirit, provide services to the College and the community, and promote academic excellence, citizenship and 
leadership. · 

At Florida A&M University, there are. many categories of student organizations; religious, state and Greek clubs, 
performing arts, professional, recreational, departmental, city/county, cultural, campus wide, volunteer service, 
academic, military, and others. As can be seen, there are many ways that students can get involve on this campus. 
Most student organizations-are avaiiable for hshmen to join, while with other organizations enrollment maybe 
limited to only upperclassmen. Many students are using their membership in these organizations as way to volunteer 
within the community and fulfill community service requirements for the university. Volunteering with these 
organizations has a big impact on the community because when these organizations volunteer, they usually get 
together with other chapters of that same organization within the city tci create a bigger impact. As a result, students 
are now interacting with others at different campuses through organizational events and are building friendships 
with students at different scho9ls. 

ACCESS GRID TECHNOLOGY AND STUDENT ORGANIZATIONS 
In 2004, collegiate chapters of the National Association for the Advancement of Colored People (NAACP) in 
collaboratjon with CAU-TV hosted a Y-N.O.T. Vote (Why Neglect the Opportunity to Vote) Video Forum utilizing 
Access Grid Technology. The participating universities were Florida A&M University, Bethune-Cookman College, 
Clark Atlanta.University, Howard University, and Jackson State University. The purpose of this event was to · 
provide an opportunity for students at several -institutions across the country to present their feelings about the 
electoral process and their roles in it (Suarez, 2007). There were four panelists who provided insights to students 
about how to make informed decisions and have more strategic voter empowerment efforts. They also encouraged 
students to take on more leadership roles in their communities. This forum is a perfect example of how Access Grid 
Technology can be utilized by student .organizations with a national affiliation to accomplish goals that are in 
alignment with· their overall purpose. It allows a high level of coordination and collaboration however the 
opportunity for individual chapters to interface with one another helps the overall organization become more 
effective through providing a forum for them to "meet" and discuss the issues that are pertinent to their 
organizational agenda. 

Many student organizations, like the NAACP, have a national affiliation with representative chapters throughout 
different universities who share the same purpose, goals, and vision. Examples of other such organizations are 
the National Association of Black Accountants, Alpha Kappa Psi, Professional Business Fraternity, and the Student · 
National Medical Association. Possible Access Grid Technology applications for these professional student 
organizations consist of conferences hosted over the access grid about the various career opportunities in their fields. 
Access Grid can also be used as an excellent source for the individual chapters to network. Student organizations 
can host monthly or bi-monthly meetings that allow them to interact and share what programs or initiatives each 
chapter has established or is working on throughput the course of the semester/school year. 

There are also organizations such as the Student Government Association (SGA) who are unique to their specific 
university, but have shared a shared purpose. If Student Government Associations from various universities utilized 
Access Grid Technology to collaborate with one another they could greatly impact the political, sociai, and 
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economic issues of our nation and their local communities through synergy of ideas and initiatives. For example, 
Florida A&M University's SGA could meet with the SGA of Bethune-Cookman College to coordinate a service 
project they can complete when they go to Orlando, Florida for the Florida Classic Weekend every November. 
These two rival schools can compete on the gridiron, but unite to serve the community during this annual event that 
brings millions of dollars into the economy for the city. They can utilize the Access Grid Technology for meetings 
about each university's service project. This same concept could be applied to other schools when they travel to 
cities for huge sports events or to the local communities where many colleges and universities are based during 
annual events such as Homecoming, an annual event celebrated at many colleges and universities where alumni are 
encouraged to return to the school for the weekend and participate in festivities that encourage school spirit. The· 
opposing school could help the home team with a community service project and they can coordinate the project 
using their Access Grid Nodes. These are just examples of how Access Grid Technology could be used by student 
organiz.ations, but the possible applications for this technology are infinite. 

. METHODOLOGY: INSTRUMENT(SURVEY) 
In order to best identify the desire for and intended use(s) of Access Grid technology by student organiz.ations, the 
research team determined that the most effective and objective method of gathering data would be via surveys. · It 
was determined that the data gathering process of our preliminary research would be conducted in the following 
manner: 

1. Identify a sample of student organizations on campus for surveying. 
As of January 2007, Florida A & M University had more than 120 registered student organiz.ations with various 
purposes and concentrations of interest. Although it would have been desirable to survey representatives from each 
of these organizations, our preliminary research identified a subset of student organiz.ations most likely to utilize and 
benefit from AG technology. Many of the organizations registered with the Office of Student Activities (the 
primary source for identifying potential survey organiz.ations) were established solely on the campus of Florida 
A&M with a purpo_se specific to schools, majors, or hosting events and performances solely on the University's 
campus. These organiz.ations were removed from the listing ofpossible.organiz.ations for surveying given the 
unlikelihood that they would find a use for Access Grid technol9gy. Finally, campus chapters of state, national, and 
international bodies were reduced to those that were not expected to be opposed to conference meetings via 
electronic means due to privacy concerns. From this final list, a group of fifteen organizations was randomly 
selected. 

2. Develop and modify a perception and utilization survey. 
After identifying a select number of organizations, research team members developed a survey for assessing the 
representatives' perceptions of Access Grid technology as well as uses that representatives may identify as desirable 
and practical for their organizations. A five-point Likert scale was used to assess factors related to perceptions and 
possible applications regarding the technology. It was determined that other information, such as organiz.ational 
type and the level of technological use by the organization should also be collected using a combination of questions 
that required a selection of answers from presente4 options or allowed the representative to individually express 
their opinions. Such question included: 

Please circle the response number ( on a ·five point scale) that most accurately describes your 
current skill level in using the following computer applications and software~ .(1 =Novice, 
5=Advanced) · 
~ Basic computing, • Excel 
• Email, • Outlook 
• Internet • Access 
• Word • -PowerPoint 

Please circle the one response number that best indicates the extent to which you 
agree or disagree with each of the statements (1 =Strongly Disagree, 5=Strongly 
Agree): 

• Using AGTwould make it easier to interact and collaborate with other chapters in 
my organization. 
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· • I believe that as a result of the use of AGT Others-will be more aware of what we 
are doing •· 

3. Schedule Access Grid technology demonstrations for student organization representatives to 
observe the technology in use. 

As the Access Grid technology at Florida A&M is used in accordance with the variable meeting schedule 
· of jndividuals, groups and organiz.ations on campus, research members wprked with Florida A&M' s 
Access Grid operators to identify opportunities for organiz.ation repres~ntatives to observe the technology 
in use. Given the typical scheduling of classes on the University's campus (predominately Monday
Wednesday-Friday or Tuesday-Thursday classes), care was taken to schedule demonstratitjhs on several 
different days of the week, so as to accommodate potential class scheduling conflicts. With knowledge of 
when demonstrations would be conducted, the research team distributed an e-mail to all organization 
leaders, based upon information from the Office of Student Activities contact list. The organizations were 
also divided among the members of the research team, and each individual was made responsible for 
contacting representatives (via telephone, internet, and_ face-to-face contact) from their assigned 
organizations regarding the technology demonstrations, survey process and their availability for 
participation in research. 

4. Administer Perception and Utilization surveys. 
As discussed in Step 3 of the research methodology, on days of scheduled demonstrations, research team 
members attended the Access Grid "meetings." Meetings were prefaced with a brief expl~ation of the 
technology, .as well as the purpose-of the research and the process for data collection. Following the 
demonstration, the Access Grid technology survey· was administered to the representatives. Surveys were 
also administered to organization representatives that had previously observed Access Grid technology in 
another setting (ex. class, University-sponsored conferences). In total, the Access Grid Technology survey 

, · was administered to representatives from approximately fifteen organiz.ations. · 

S. Compile and analyze data from completed surveys to draw conclusions about interest in, and 
intended use of, Access Grid technology by Florida A & M student organizations. 

Upon completion of the survey administration, data from the surveys were compiled in a spreadsheet 
program to allow for statistical analysis of ratings r~sponses and demographic data. The results ai:id 
conclusions drawn from these processes are presented in the subsequent "Findings" and "Conclusions" .. 
portions of this paper. 

ANALYSIS 
This analysis involved taking a closer look at the results that were garnered from the surveying of 
individuals that represented the different organizations at Florida A&M University. Thirteen individuals 
completed surveys representing eleven student organizations on FAMU's campus. Our initial feelings on 
how we felt the organizations were going to respond to AGT were highly positive. We believed that these 
individuals would react positively to AGT once they were given the opportunity view the technology 
through our presentation. W ~ also initially believed that the individuals may have also had some type of 
exposure to AGT before the presentation through their systems and other technology courses. We gathered 
all the survey results and divided the responses into four major sections which are listed below. From there, 
we look more closely at some of the most important questions of each section and focused our analysis on 
· those specific questions without excluded the other questions. Each section of our analysis is explained 
below along data and graphs to accompany this information. · · 

Survey questions included the following: 

1. Background information ( demographics, type of organiz.ation, previous use of collaborative 
environment technology and communication tools) 

2. Feelings and intentions regarding the use of Access Grid Technology {AGT) in your 
organization, 

3. Overall evaluation of the impact of Access Grid Technology (AG1), and 
4. Perceptions of organization's attitude towards the Access Grid Technology (AGT) initiat~e. 
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Survey questi<~n util~~ either a five-point Likert scale (identified as Q l-Q3 for each Section). A subset 
of survey questions within the three sections are listed below: 

Sectionl.Ql:. Have you u~lized or participated in a group meeting using collaborative environment 
technology (video conferencmg technology, Access Grid Technology, or Teleconferencing)? 
Sectionl.Q2 How much information did you know about AGT before this presentation? 
Section! .. Q3: What type of organization are you a part of (Honors Society, Professional Society, 
Competition Team or Department/School Organization)? 

· Section2.Ql My organization can use AGT to host forums/workshops/seminars/tutorials/demonstrations 
Section2.Q2: Overall, I believe AGT will be useful in my organization. 
Section2.Q3: Using AGT would increase my interaction and collaboration productivity. 

Section3.Ql: I .believe that the AGT will result in improvements in overall focus on the goals of the 
organization members. 
Section3.Q2: I believe that the AGT will result in improvements organization's ability to collaborate with 
other institutions. 
Section3.Q3: I believe that the AGT will result in improvements in my chapter's performance. 

Section4.Ql: My organization is aware of the benefits that can be achieved with the use of AGT. 
Section4.Q2: My organization will always support and encourage the use of AGT for organizational 
activities. 
Section4.Q3: I believe that as a result of the use of AG, others will be more aware of what we are doing. 

Section 1 Analysis: 
The primary purpose of Section 1 of the Perception and Utilization survey was to identify the type of 
organizations interested in utilizing the Access Grid technology and their experience using technology. As 
a result of this line of questioning, it was found that 85 per~ent of the F AMU student organization 
popu,lation surveyed consisted of chapters of national organizations. · This information is considered to be 
indicative that, if utilized by student organizations, they will likely be .used to communicate witli other 
chapters of the same organization, having a similar purpose, practices and initiatives. With regard to 
organization ''type," it was found that 54 percent of the student organizations were professional societies, 
23 percent were honor societies and 15 percent were categorized as competition teams, which could 
indicate additional Access Grid usage for hosting forums, conferences, and even competitions. Of the 
participants surveyed, 62 percent have utilized or participated in a group meeting using collaborative 
environment technology (video conferencing technology or Teleconferencing) and 67 percent stated they 
have interacted with others using Access Grid Technology at least once. This is a positive indication that 
students are becoming more aware of the expanding uses of information technology for communication 

. purposes and a frame of reference to draw realistic expectations from. Although 96 percent of the 11 
student organization represented stated they had either known no or little information about AGT before 
this presentation, 92 percent of the population surveyed stated they felt the demonstration/presentation 
provided an adequate overview of AGT, its benefits and importance. It is our hopes that this is a positive 
suggestion of the reception Access Grid technology will receive from similar organizations that were not 
surveyed. 

Section 2 Analysis: 
This section took a deeper look at how individuals felt about AGT and how useful they felt this technology 
would be to their organization. Overall, the results in this section were highly positive. 77% of the 
population surveyed stated they felt their organization would use AGT to host 
forums/workshops/seminars/tutorials/demonstrations (Figure 1 ). These high numbers imply that the student 
organizations do have a need to use technology for these different types of events and that they are very 
willing to begin to try to use AGT as the technology that will make things easier for them. The exact same 
percentage also stated their organization would use AGT to communicate with other chapters of their 
organization at other schools. Also, 54% stated they either agreed or strongly agreed that using AGT would 
improve their organization's performance. This shows that AGT will allow organizations to improve their 
performance through the interaction with other chapters. These organizations will be in a better position to 
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share ideas and give suggestions to others without the hassle and added expenses of traveling to meet with 
. each other face to face. These results would also imply that individuals definitely had very positive f~eling 
about this technology before completing this survey: We can also say that they may have interacted with 
others that are using AGT effectively and that may have contributed to their positive feelings. Over 7% 
stated they disagreed that others within their organization will use AGT, over 53% stated they neither 

· ·agreed or disagreed, 15% stated they agreed and 23% stated they strongly agreed. From these results, it 
seems as if many students had very neutral feelings on whether they felt others iii their organization will 
use AGT. This may be contributed to the location and access to the technology. Currently, the technology 
is available for use in the school library. Many students are probably not sure exactly hoyv: to access the 
technology and if it would available_so that all stude~ts would be involve. Many students also may feel that 
it would be difficult to get all members of their organization to the library. Lastly, 17% stated they 
disagreed that AGT allowed them to interact with individuals their organization would not have been able 
to without using the technology, 25% stated they agree and 50% stated they strongly agreed. This means 
that more than half of the individuals we survey either agreed or strongly agreed on AGT being useful 
when it comes to interacting with people that they would not have normally interacted with on a regular 
basis. Overall, students seem to feel very positively about the technology and their intentions· of their 
orgamz.ation' s use of AGT. · 

Figure 1: Organization use AGT to host forums/workshops/seminars/tutorials/demos 

use AGT to host 
forums/workshops/ seminars/tutorials/ demo 

Strongly Agree 

Agree 

Neither Agree or 
Disagree 

Disagree 

Strongly Disagree 

Section 3 Analysis: 

Percent 

Prior to obtaining the opinions of numerous student organization members about the possible impacts AGT 
could have on their organization, it was predicted that majority of the presentation viewers would see AGT 
as an asset to their organizations. After conducting the survey, organization members indeed agreed with 
this hypothesis on many different levels. While 78% ofthe individuals who completed the survey on 
behalf of their organization stated they believed that AGT would result in improvements in innovation 
within their chapter/organization, an even more impressive 84% reported that AGT would result in 
improvements in organization's ability to collaborate with other institutions. Based on these results, the 
students are very receptive to the technology, and believe that their organizations can function more 
efficiently by using AGT. However, results also indicated that 54% believed that AGT would result in 
improvements in overall focus on the goals of the organization members. Although only a little over half 
of the individuals surveyed believed that AGT would help organization members in attaining their goals, it 
can be justified due to the reason most organizations goals do not revolve around communication with 
outside organizations. AGT should be thought of as a value added or supplemental source to the 
organiz.ation rather than a core means to help organizations achieve their main goal. 
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Section 4 Analysis: 

This portion of the survey examined the perceptions of organization's attitudes towards the Access Grid 
Technology (AGT) initiative. Our initial hypothesis was that student organizations would perceive the 
value of AGT once they were able to observe its applications. The survey revealed that that only 39% of 
the student organization representatives stated their organization was aware of the benefits that can be 
achieved with the use of AGT (Table 1 ). This is because the process of creating awareness about AGT is an 
ongoing effort, and many students and student organizations are neither currently aware of what AGT is 
nor its benefits. We recognize that demonstrations and presentations are the most effective way to educate 
student organizations about AGT. Additionally survey results show that 62% either agreed or strongly 
agreed that as a result of the use of AGT others will better see the results of their efforts. This result is 
consistent with our initial predictions about their perceptions. The student organizations surveyed felt they 
could be more effective through utilizing AGT for collaborative initiatives. Survey results also stated that 
77% either agreed or strongly agreed that others will be more aware of what they are doing. When more 
student organizations begin to utilize the technology for conferences, forums, meetings, etc. then it will 
draw more attention to them because they are taking advantage of AGT and having an impact that reaches 
beyond the campus. Lastly, although 15% stated they disagreed that their organization will always support. 
and encourage the use of AGT for organizational activities, over 61 % stated they agreed and 23% stated 
they strongly agreed. This demonstrates the fact that some organizations feel uncertainty about receiving 
support from their administration and membership in utilizing AGT, but most feel that they will receive 
support. This uncertainty inay arise from the required resource of time to collaborate and meet on the 
AGT and educate individuals about AGT. Another source of uncertainty may be overcoming the 
skepticism they may receive in trying to introduce a new form of communication to their organization and 
managing the perceptions that may exist from those who are not as knowledgeable about the value of the 
technology. 

Table 1: Aware of benefits that can be achieved with AGT 

0 0 

8 38.46 

8 38.46 

2 15.38 

7.69 

CONCLUSIONS AND.FUTURE WORK . 
At the outset of this research, our expectations were that student organizations would be energized about 

Access Grid Technology (AGT) and its utilization for a nuance of collaborative initiatives. After surveying 
representatives from various student organizations we found that our original hypothesis is true. The 
majority believe that they will use AGT to host forums/workshops/seminars/tutorials/demonstrations, AGT 
will result in improvements in innovation within their chapter/organization and their ability to collaborate 
with other institutions, and AGT will help others become more aware of their organization's purpose and 
activities and increase their overall effectiveness .. 

Discussion of Challenges 
Although the structure of the project and analysis was straightforwar~ and well outlined, we still faced. 
several problems with conducting our research· for th~ paper. Our m~m challe~ge was actual!y contactmg 
members of organizations and getting them to commit to scheduled trmes to view a presentation of the 
technology. Scheduled demonstrations either did not fit into representative's schedules or those who 
initially volunteered for a particular time did not attend the intended session. · 
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Another issue. we faced was finding a variety of students from a variety of organizations and majors. 
_ Because filling out the ·survey and viewing the demonstration was completely voluntary, it was hard to · 

persuade peopie of other majors to participate becaus_e they either did not understand the importance of the 
research that was being conducted or were simply not interested. It was also hard to locate the correct 
contact information in order to inform representatives about the research project. Several e-mail addresses 
we were given to contact org~zation members were inactive and came back undelivered. These 
· challenges may have affected the overall outcome of our results. 

Future Work 
_ The F AMU Access Grid Task Force believe that Access Grid technology and student organizations 

research -can be expanded through examining case studies of various student organizations who host events 
(seminar, forum, conference, meeting, et~.) via this technology at Florida A&M University or another 
institution. The student organizati9ns can be surveyed about their. experience and each event can be 
examined individually. The issues and succ~sses that each student organization encounters with their event 
should also be discussed. This next step will help take-our current re~earch which explores the possibility 
of student organizations using AGT and couple it with more tangible applications of how the technology is 
used by student organizations. From this research we can compare whether or not student organizations' 
perceptions of the utility of AGT matches their collaborative experiences. · 
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ECOTOURISM: AN ENTREPRENEURIAL OPPORTUNITY FOR 
WOMEN IN THE SHKODRA REGION 

B. Andrew Cudmore, Florida Institute of Technology 
Arjeta Troshani, Shkodra University, Albania 

Despite high female unemployment within the Shkodra Region of Albania, there is a significant opportunity for the 
training and empowerment ofthese women within the developing local ecotourism industry. This paper explores 
the complex role of women in this society and the hurdles they face before even considering such entrepreneurial 
activity. · 

FOSSIL FUEL AND ENVIRONMENTAL CONCERNS: A TUG OF WAR 

B. Andrew Cudmore, David Palmisano and Robert Wiles 
Florida Institute of Technology 

New generations are faced with a dilemma of balancing potential cost savings with environmental concerns. This 
study examines the relationship of fuel price and fuel type (fossil fuel vs. alternative energy) with fuel purchase. 
decisions of young Americans. Interestingly, price and type of fuel both had an independent effect on fuel purchase 
decisions. 

IN-FLIGHT ENTERTAINMENT: IS IT NECESSARY? 

B. Andrew Cudmore and Marc Harrington 
Florida Institute of Technology 

With the collapse of the traditional airline system that allowed monopolistic legacy carriers to charge ticket prices at 
their discretion, the expectations of the traveling public have changed. This study explores the effect of ticket prices 
and in-flight entertainment on ticket-purchase decisions of travelers between low-cost carriers for a specific route 
and time. 
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COMPETITION IN BUSINESS CLASSROOMS: A NEW MODEL FOR USE OF 
COMPETITION IN ADULT BUSINESS EDUCATION CLASSES 

Edward H. Hernandez and Alfred R. Petrosky, California State University, Stanislaus 
Robert Page, Southern Connecticut State University 

William Ruud, Shippensburg University 

The purpose of this paper is to propose a model for the use of competition and competitive learning tools in business 
classrooms. There is some interesting debate on the use of competition in classrooms for elementary and high 
school students (e.g. Black, 2005; Hawkes, 1992), providing arguments that competition discourages learning and 
reduces motivation of studen~s. The argume~ts appear to hold well for non-adult students. 

Coelho ( 1994) attempts to debunk the ·,;myth of h_ealthy competition," showing how cooperative, not competitive, 
skills are most needed in today's economy. Coehlho (1994) also shows how competition in classrooms supports a 
system in which few students can succeed. · 

This paper explores the possible positive effects of competition in college-level business classes. There are several 
reasons to believe that competition has different effects with adult learners compared to non-adult learners: 

1. Adult learners·_are more capable of understanding the concept of competition. Application for jobs and 
promotions, for exampl~., are inherently competitive. Learning how to achieve r~lative to others is simply a 
reality of life for adults. This is not the case for elementary students, for example. According to adult 
learning theory if you tell an adult student that competition prepares them for the 'real world' this might 
encourage a higher level of self-motivated learning, especially if it is so. 

2. Coehlo (1994) argues that only few individuals can succeed with competition in classrooms. This would be 
the case if all competitions are fixed, and effort didn't matter. With properly designed competitions effort and 
learning can be built in materials to allow those to receive feedback, and improve on future efforts. The 
traditional literature holds ·that there can only be one winner. This is not the case. Winning can be designed · 
as 'success' and not just 'first-plaee'. 

3. The current literature overen,phasizes that you must have cooperation, and not competition, to encourage 
learning ( e.g. Black, 2005). This fails to realize that much competition in adult life is based on cooperation~ 
Thus, competition in a classroom can be based on lessons of cooperation. The two are not mutually exclusive. 

· A new model of business learning using competition in the classroom is proposed. The model emphasizes that 
optimal competition in adult classrooms has several characteristics: 

1. Immediate feedback and numerous opportunities to improve · 
2. Cooperation included as part of the success for competition 
3. Equality to access of materials needed to succeed in competitions. 
4. Direct connection between the competition and the learning goals of the class. 
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