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RETENTIVE TIME-DRIVEN SEQUENCING CASE OF ALLEN BRADLEY MICROLOGIX PLC 

Andrzej J. Gapinski 
Penn State University-Fayette 

ABSTRACT 
Retentive sequencers are an important tool in manufacturing processes and industrial control. Sequencers, in 
general, fall into two categories: time-driven and event-driven; Some manufactures with introduction of newer types 
of programmable logic controllers discontinued time-driven sequencers. The purpose of this article is to discuss 
retentive sequencing implemented via Allen Bradley1 family of PLCs and to show how time driven sequencing can 
be implemented using event.:.driveil devices. 

INTRODUCTION 
In industrial control systems retentive sequencing plays an important role by providing time-based and/or event 
driven sequencing. Automated manufacturing processes, which may include robotics, transport systems (power 
stations, mining industry, etc.), and industrial control all require "sine qua non" the use of retentive sequencing to 
satisfy the demand of industrial operations. The manufac~es of industrial programmable controllers such as Allen 
Bradley, Siemens2

, etc., developed programmable logic controllers (PLC), which offer programmatic devices called 
sequencers to run operations whenever repetitive actions are needed. A sequencer performs a series of programmed 
transitions or steps when activated. When the last step in a given sequence is reached the sequencer wraps around 
and comes back into step one and follows the sequence· again. Various manufactures produced different types of 
sequencers to meet the industrial needs: input sequencers (to match the status of input devices to the desired state, 
etc.), output sequencers (to control output devices), etc. There are, however in general, only two types of sequencers 
based on the way they operate. These types are: event driven and time driven (see figure 1). In an event driven case 
a sequencer changes its step ( or state) in the chronological sequence whenever input rung condition experiences the 
transition. So this type of sequencer acts essentially like a counter. In a second case the sequencer measures time 
during which an input rung is in true state and changes its states accordingly. What triggers the step transition of a 
sequencer is the matching of accumulated time with the preset time for a given step. 

In both cases, i.e., event and time driven sequencers, when a sequence is finished, a "done" bit is set to one, 1. 
There is an educational literature3

'
4

'
5 on the topic of PLCs with a rather limited number of practical solutions given. 

Input Signal 
Time or Event 
Based 

'sequencer Enable 

Done 
Sequence built in 

Figure L PLC Sequencer 

EVENT-DRIVEN SEQUENCER THAT ACTS LIKE TIME DRIVEN 
The choice of a sequencer, naturally, is dictated by the application requirements. That was a story with the older 
PLCs such ·as Alleri-aradley SLC 100/150 series6

• These PLCs had built in both types of sequencers: time and event 
driven. The newer types of Allen Bradley PLCs such as Micrologix, CompactLogic~ etc., which are programmed 
with RS500 or RS5000 software 7'

8
, offer only one type of sequencers, which are all event driven. The motivation 

was to elim1.nate, essentially, 'an automatic adva_ncement of a time driven sequencer irrespective of the status of 
individual step completion or status ofthe process. The idea was to allow for external timers which may include 
conditional-rungs to drive sequence transitions, which meets requirements of most industriaI·applications where step 
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completion is required before progression through a s~quence. In practical industrial solutions a mechanical position 
feedback, which monitors a step.completion before advancing, is incorporated to ensure proper operation

9
• 

Otherwise, the sequence will continue regardless of the completion of the previous step. In such a situation the 
continuation of execution of a sequence may cause extensive damage to the equipment. While the requirements of 
the industrial control solutions may necessitate "external" sequencer's timing, the technology practitioners have to 
redesign and reprogrammed solutions. · 

The problem actually lies in the redesign of a program that would result in a time dependent op~ration based on 
event-driven sequencer. The retentive component, as in the previous PLC models, came in naturally with time 
driven sequencers. So, with the redesigned problem, one has to take care of the retentive nature of operation by 
choosing retentive timers, which activate transitions of an event based sequencer. The combinations of retentive and 
non-retentive timers needed for control of the sequencer add numbers of rungs to the ladder program. Thus, what 
had been achieved in a few rungs previously, a new approach requires considerable more active rungs in a ladder 
programs to meet the same objective. 

The basic structure of the solution is presented in figure 2. The main timers, while performing the timing, set the 
next step latch, which would activate the transition of the event driven sequencer. In order to create an event 
detectable by input rung of the sequencer the delay timer is introduced which would separate falling and raising 
edge of the TT bits of the preceding and following timers. 

RETENTIVE TIME-DRIVEN SEQUENCER 
IMPLEMENTED.WITH TIMERS AND EVENT DRIVEN SEQUENCER 

What follows is an ex~mple of the program, which is retentive and performs number of steps sequentially in a 
rep~titive mode. The process is time driven, in which steps of the sequencer are act~ve for the time durations set up 
by the controlling timers. 

Process description: 
- Activate the three outputs one following the other for the duration of 6, 9, 11 seconds respectively 
- Incorporate main system switch (toggle) 
- The process must be retentive, i.e., can be stopped at any step and continued to finish the sequence 
- Incorporate system reset to reset-the sequencer to step 0. 

In order to build the sequence data vector, or tag, we will use "move" instruction to load the hexadecimal numerical 
values, based on design specifications, to an array, B3. Step zero, 0, will contain zero values as a starting state. The 
sequencer upon activation goes to step one, I . The three timers will clock time durations for each of the steps. Since 
there are three steps beyond step zero, there will be three timers, Time 1, 2, and 3, each responsible for timing one of 
the steps. Since, an event driven sequencer is used, input rung transition from false to true will cause step change. 
The timers' TT bit would indicate when to advance to next step. Since sequencer's input rung must go through 
transitions, false to true, in order to advance through the sequence additional timers, Delay Timers, are added to 
separate the timers and to reset the latch which activates the next step transition of the sequencer. During the 
activation of the Delay Timers the sequencer actually continues current step until next timer of the series is 
activated; The timers preset values are set as indicated in seconds, 5, 8, and 10 respectively~ Since the Delay Timers' 
preset values are set at one, 1, second, the actual activation durations of the sequencer's steps are set at 6, 9, and 11 
seconds as required by input specifications. The described program is retentive in nature that allows for random 
stoppage and re-activation of the sequence. The program (see Appendix fig. 3 and 4) was written using RS 500 
software and implemented with Allen Bradley MicroLogix 1000 PLC. 

2 



Proceedings of the 2006 IEMS Conference 

System On Timer l.DN 

------i I H 
Timer I 

Timer I .ON bit Delay Timer.ON 

------i I H L ..___...,D_e ... la-y~I un--'er 

Delay Timer.ON bit Timer2.DN 

~I H 
Timer2 

Timer I. TT bit Next Step Latch 

}-
Timer 2.TT bit 

Delay Timer.TT bit Next Step Un-Latch 

}-
Next Step Sequencer 

~I.........----,----~-~ 
Figure 2. Basic structure of the Time-Based Sequencer implemented with Timers and Event-Driven Sequencer. 

CONCLUSION 
The purpose of the article was to show how to implement retentive time-driven sequencer through the use of timers 
and event-driven sequencer. Rockwell Automation introduced, through the years, the newer types of programmable 
controllers and software, and unfortunately discontimied time-driven sequencers. The article shows how to 
incorporate external timers to event driven sequencer to accomplish overall time driven process. The topic is 
important ~ both areas: engineering technology education and manufacturing practice. 

3 
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APPENDIX 
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Figure 3. PLC Ladder Program 
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TWO ROBOTIC PLATFORMS: LEGO MINDSTORM VERSUS ACRONAME'S PPR 

Andrzej J. Gapinski 
,Penn State University-Fayette 

ABSTRACT 
The purpose of the article is to compare two robotic platforms manufactured by Lego and Acroname companies. 
The first one, Robotics Invention System (RIS) Lego Mindstorm, by Lego Company and second, PPR (Palm Pilot 
controlled Robot) by Acroname Inc., which is controlled by Palm Pilot, are compared with respect to construction, 
programmability, performance, and overall educational usefulness in engineering technology program. 

THE TWO ROBOTIC PLATFORMS: GENERAL CHARACTERISTICS 
In general, the two robotic platforms were designed for different audience or users, to begin. While, Lego platform 
was designed for a much less experienced user and therefore requires much shorter "learning" time, the robot by 
Acroname company requires at least moderate to advan.ced level of familiarity with programming languages. While 
RIS robot was produced jointly by the Massachusetts Institute of Technology (MIT) and the Lego Company, robot 
by Acroname is a child of Carnegie Melon University's robotics program. Both robots can be programmed using 
various programming platforms: RCX, ROBOLAB, NQC, LegoOS for Lego robot1

, and Palm OS, CodeWarior (C 
or C++) for PPR2

• Here, Lego robot was programmed using RCX.an4 Lego firmware and in the case of PPR, the 
robot was programmed using various programming languages such as BASIC, VB, C, C++ for various tasks and 
modes of operation. Next, we compare two robotic platforms with respect to programmability, mechanical design of 
the structure, capability, sensory input/outputs, and overall educational usefulness. 

PROGRAMMING: OVERVIEW 
Multiple of programming platforms can be used to program both robots. The user choice depends on the overall 
objective, needs, familiarity with various programming environments, programming experience/sophistication level, 
etc. In the case of Lego robot, the kit comes with RCX code 2.0; graphical interface and firmware, which constitute 
a quite powerful programming environment allowing for a multitasking and creation of event-driven programs. 
Version RCX 2.0 allows a program to have up to ten task (parallel processes), up to eight subroutines for each task, 
etc. 3 This is usually more than enough for even more elaborate programming tasks, considering the fact that the 
basic unit has only three inputs for sensors and three output:s to be controlled. The RCX software seems ideal for 
instructional purposes to introduce students to intricacies -of programming with multitasking, subroutines, which 
incorporate input/output devices. Downloading and activation of the program enables immediate verification of the 
design in an inspiring to students way. As an instructional tool the robot was used in a microprocessors course as a 
demo and for the competition-like assignments. The demo included the light~seeking program in which the robot 
searches for a movable light source. The programmed robot finds the source and progresses toward it in various 
steps, which length depend on light source movement, in a repeated process. The parallel processes with assigned 
different priorities include tasks to check front bumpers for collision with obstacles, which activates backward 
motion followed by a slight tum away from encountered .object. The program developed here is a "beefed-up" and 
modified RCX code p~ovided by the manufacturer. 

In laboratory activity, teams of students were assigned various tasks and competed in a friendly way. The robot 
seems to be an ideal learning tool for learning programming methodology prior to the assembly language-based final 
projects in the microprocessors course. 

The second robotic platform, PPR robot, was programmed for various operational modes, which included non
autonomous_and autonomous operations. For a semi-autonomous operation the robot was attached via serial cable to 
the PC-controller, which hosted a controlling program. The robot performed various task such as navigating through 
a maze-like terrain. · The programming platform included BASIC and Visual Basic. The activity was an excellent 
exercise in programming which included input/output communication between PC and microcontroller of a PPK 
platform. For an autonomous operation, the robot was programmed using CodeWarior IDE in C/ C++.4

•
5

•
6 
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DRIVE SYSTEM 
As far as mechanical drive system itself is concerned, in author opinion, the Lego robot is much sturdier - it can 

· withstand much harsher "abuse" from the terrain the robot travels on. The Palm Pilot controlled robot (PPR) has a 
pretty sturdy structure overall but a "weak" design of the wheel to axle connection made it much more susceptible to 
possible damage. Namely, the servo wheels mounted on servo axles are glued to roller wheels, which make these 
connections susceptible to damage. Occasionally, the author experienced situations where the roller wheels fall off 
from servo axles. It would be desirable if the manufacturer fixed.this obvious shortcoming in otherwise good 
structure (see figure 3 & 4.) 

In both cases, the consideration has to be paid to the surface the robot travels on. Robber wheels of Lego are much 
better than PPR's plastic roller-wheels, which may slide and thus loose. traction momentarily. The issue is 
particularly important considering the fact that in most navigation schemes, in which target tracking is not used, the 
robot position (coordinates) is established based on knowledge of duration of servo operation/activation. Thus in the 
case of a wheels slippage one looses information about an accurate robot position. In addition, any selected, specific 
surf~ce does require fine-tuning of the program to assure best performance of a robot. 

ROBOTS MICROCONTROLLERS 
Lego robot is equipped with Hitachi 8-bit HS/32902 microproce'ssor with 16K internal ROM and 32K external 
RAM. the size of an even sophisticated program amounts to few KB. 

The PPR robot has internal PIC1673 microcontroller mounted on board that communicates with Palm Pilot Vx via 
serial port. In a semi-autonomous mode of operation the PIC microcontroller was connected via serial cable to the 
PC directly. 

SENSORS 
Lego robot has structural limitation, which limits number of inputs and output ports to three. It is possible to apply a 
multiplexing scheme to accommodate more input/output devices but here, the robot was used in a standard form 
with three input sensors. PPR robot, on the other hand, provid~s more flexibility by offering more 1/0 ports. These 
ports can accommodate additional sensors such as sonar-like on top of three basic ones, infra-red sensors, which 
come with the kit. Therefore, one can use PPR robot for much more complex tasks or programs. Currently, the PPR 
robot is being equipped with additional sensors such as ultrasonic sensors to improve accuracy of the movement and 
overall performance. 

As far as mechanical mounting is concerned the Lego robot equipped with front-side feelers (bumpers) was very 
susceptible to damage due to frequent bumping against obstacles. Thus, one has to take into account this fact in 
order to design the controlling program correctly. The PPR robot is much more robust since it is relying solely on 
infra-red sensors to avoid obstacles during any movement. In addition, as indicated in reference 5, the infra-red 
· sensors have a bell-shape characteristics, which make them ''tricky" to be used in the case of very short distances, 
measured in single inches, from the obstacles. 

INTERFACING ISSUES 
While the manufacturer of the Lego robot keeps interfacing issues basica11y "invisible" to the programmer by 
providing programming environment based on RCX, the PPR robotic platform does require programming 
experience in interfacing issues. Therefore, PPR robot based on the way it is designed, requires a rathet 
knowledgeable programmer to write a code. The PPR robot, thus, offers an excellent educational experience on 
programming intricacies especia11y in the area of interfacing. One can consider various programming languages such 
as VB, C, etc., and develop interfacing programs/modules that meet the requirements of the selected motion 
schemes for the robot. 
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Figure I. Lego Mindstorm, in one of many possibl~ metamorphoses. 

Figure 2. Palm Pilot controlled Robot (PPR) by Acroname. 
(Courtesy of Acroname Inc.) 

CONCLUSION 
The purpose of this article was to compare two robotic platforms, Lego Mindstorm with PPR by Acroname. The 
Lego robot is a very good educational tool for teaching programming techniques, which can be easily implemented 
through RCX graphical programming. The immediate possible implementation through RCX environment makes · 
the experimentation even more interesting to students. The PPR robotic platform, on the other· hand, does require 
programming at a more sophisticated level. It is a reliable tool for both procedural and object-oriented 
programming. Prognµnming the robot for semi- and/or full-autonomous operations offers variety of challenges and 
serves as an excellent educational tool. 

Author suggests incorporating Lego robot at th_e initial stage of the instructional activity and migrating later to PPR 
robot. The scope of possible material coverage, the robotic platforms are useful for, may include microprocessors, 
interfacing issues, programming, and robotics. ' 
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APPENDIX 

Figure 3. PPK ro~ler wheel. 

Figure 4. Roller wheel glued to servo wheel, which is mounted on servo axle. 
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Figure 5. Lego's RCX graphical programming platform. 
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DEVELOPMENT OF A SIDESCAN IMAGERY AUTOMATED 
ROUGHNESS ESTIMATION ALGORITHM 

Marlin L. Gendron, Maura C. Lohrenz and Geary Layne 
Naval Research Laboratory (NRL), Stennis Space Center 

ABSTRACT 
An accurate estimation of seafloor roughness derived from sidescan imagery (SSI) is one of the components needed 
to determine bottom type of a geographic area for mine warfare. Analysts at the 'Naval Oceanographic Office 
(NA VOCEANO) historically have estimated roughness manually. This paper describes the development and testing 
of a prototype algorithm capable of deriving roughness from SSL It also presents results from a feasibility study 
that showed that the algorithm correctly identified a smooth navigation lane and generated roughness polygons that 
are approximately 84% consistent with manual roughness polygons over the same area. 

INTRODUCTION 
The design and development of automated detection and classification algorithms is advancing rapidly in many 
fields, such as medicine. In 1967, Winsberg, et al. recognized the difficulty of viewing and analyzing large amounts 
of screening mammograms and suggested computer algorithms could help. There were also early attempts to 
identify lesions such as malignant tumors by using automated det~ction algorithms (Ackerman and Gose, 1972). 
Giger (2001) suggested automated algorithms should be considered for incorporation into all new medical digital 
imaging systems. · 

Estimations of bottom clutter and roughness are two of the components needed during Mine Warfare (MIW) 
operations to determine the seafloor type for a geographic area. Analysts at the Naval Oceanographic Office 
(NA VOCEANO) obtain bottom clutter and roughness estimations for . MIW directly from sidescan sonar imagery 
(SSI). Detecting clutter and determining roughness manually can be time consuming and could produce inconsistent 
results. Automated algorithms can potentially derive clutter and roughness from SSI in a consistent and timely 
manner. 

There are many different methods that aid in the extraction of features from SSI, including wavelet-denoising (Ioup 
et al., 2001) and neural networks (LeBlanc and Manol~os, 1991), but the software implementation of these 
methods often is not practical for real-time automated object detection in SSL One extraction method commonly 
used is a technique that utilizes the Markov Random Field (MRF) model to segment the entire gray-scale SSI into 
bright regions ("brights"), dark regions ("shadows"), and reverberation (Morino, 2001; Reed et al., 200 i; Reed et al., 
2003). A bright corresponds -to reflected acoustical energy, a shadow represents a lack of reflected energy, and what 
remains is so-called bottom reverberation (Mignotte et al., 2000). 

In FY02, the Naval Research Laboratory (NRL) developed and delivered a real-time automated clutter detection and 
clustering algorithm to NA VOCEANO that was shown to identify regions of clutter in SSI quickly and in a 
repeatable manner. T}_le automated clutter detection algorithm attempts to identify shadow and bright regions, as the 
SSI is being collected, and the clustering algorithm clusters the results at the end of a survey to derive clutter 
~~ ' 

To obtain seafloor roughness polygons, NA VOCEANO analysts currently estimate the heights of seafloor objects by 
man~ally measuring the length of an object's acoustic :shadow. This height information is manually clustered to 
determine the seafloor roughness polygons for an area. Because rocks, sand waves, and pock marks show up ~s 
shadows ·and bright spots in SSI, NRL's clutter detection algorithm could potentially be used to estimate seafloor 
roughness based on the heights of these objects via the length oftheir detected shadows. 

In 2005, NA VOCEANO asked. the authors to modify their clutter detection and clustering algorithm to utilize this 
height information to estimate seafloor roughness and automatically cluster the results. As part of a feasibility study 
to show whether or not a modified version ofNRL's automated clutter detection algorithm could accurately estimate 
roughness, NA VOCEANO provided NRL with two data sets where roughness polygons were derived manually. 
NRL ran their modified clutter detection algorithm and clustered the results, which were then compared with the 
manually generated roughness polygons. This paper presents the results of this study. 
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SIDESCAN SONAR IMAGERY (SSI) 
A Sidescan Sonar System (SSS), deployed · during underwater survey of an area of interest, use an acoustic 
transducer to send acoustical waves - or beams - through the water and receive them back to image the seafloor. 
The beams ate sent in a wide angular pattern down to the bottom in swaths 100-500 meters wide, and the echoes are 
received back creating a narrow strip below and to the side~ of the transducer track (Blondel and Murton, 1997). 
When the raw SSS data is processed into SSI, image analysts can extract details about the local morphology of the 
seafloor. · 

The SSS can be hull-mounted, towed from a platform such as a ship or helicopter, or carried on-board an 
autonomous underwater vehicle (AUV). The SSS is usually equipped with pressure or altimeter sensors that allow it 
to follow the bottom, maintaining a constant height above the sea floor, or "fly" at a constant depth below the 
surface (Figure 1). 

1· 

Figure 1. Illustration of a towed sidescan sonars system 

with resulting sidescan sonar imagery . 

To produce SSI, each scan line is sampled between 0 and 255 to produce intensity (grayscale) values. The imagery 
is built up one scan line of data at a time (Figure 2). 
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Figure 2. Sidescan sonar imagery 

The SSS data used in this paper was processed into imagery by the NAVOCEANO and stored in the Unified Sonar 
Image Processing System (UNISIPS) format. Each scan line is stored in the UNISIPS file as a separate record. For 
any given line, the latitude and longitude coordinates at nadir; the position directly below the sonar, are known, as 
well as the heading of the sonar and its depth above the seafloor. 

Features such as pockmarks, sand ripples, and rocks close to or on the seafloor are visible in the SSL These objects 
are discemable as brights with adjacent shadows perpendicular to nadir. The dimensions of objects can be estimated 
as a function of the shadows' dimensions, but only the reflective structures of that portion of the object exposed 
above the seafloor can be estimated. These estimates are calculated along the object's two ·axes that are parallel and 
perpendicular to nadir. For example, the height of an object (above seafloor) can be estimated from the 
perpendicular dimension of the shadow (relative to nadir), which varies as a function of beam angle -(Fish and Carr, 
1990). Likewise, the length of the surface of the object facing the SSS can be estimated from the parallel dimension 
of the shadow. Figure 3 shows an example of a bottom object, or clutter, in SSL · 

· . Figure 3. Bottom obj~ct detected in sidescan imagery 
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REAL-TIME AUTOMATED CLUTTER DETECTION. ALGORITHM 
The real-time automated detection algorithm developed by the authors ingests one UNISIPS scan line at a time. 
Across-track bright and shadow positions, lengths, and intensity information are immediately gathered from the scan 
line and stored in two one-dimensional geospatial bitmaps (GBs): one for shadows and one for brights. 

Due to real-time processing considerations, the authors' algprithm re.lies on a GB technique (Gendron et al., 2001) 
patented by the author et al. Simple bitmaps - with a depth of one bit per pixel - are binary structures in which bits 
are turned on (set= I) or off (cleared= 0). The index of each bit is unique and deno!~s its position relative to the 
other bits in the bitmap. The authors extended this concept to construct GBs in which every bit represents an object 
at some unique geospatial location. A set bit indicates that some object of interest exists (in this case a bright or 
shadow pixel) at that location, accurate to within the resolution of the bitmap. A cleared bit indicates the absence of 
any object at that location. · 

First, a modification to the common image processing technique c~lled thresholding is used in the algorithm to 
extract shadows and brights from the scan line. Traditionally, thresholding is performed on an entire image, a 
process often called posterization, where select pixels, representing the foreground, are set to black and all other 
pixels (the background) are set to white to produce a binary im~ge (Russ, 2002). The threshold is typically chosen 
in one of two ways: I) ad hoc based on a histogram, or 2) interactively by a human after the entire image has been 
equalized (Russ, 2002). Because the authors' algorithm is automatic and operates in real-time, neither of these 
options is practical. Furthermore, two distinct thresholds is desired to capture both brights and shadows and all 
remaining pixels can be ignored. 

Shadows and brights in a scan line are located by first adaptively obtaining a lower intensity bound, imin , in which 

all samples of intensity lower than imin are considered shadows. Likewise; an upper intensity bound, imax , is found 

in which all samples of intensity that fall above imax are considered brights. These intensity bounds are determined 

for each scan line, minus the center 10% of pixels, which.are located close to nadir where the SSS is blind. 

An appropriate gamma shift is used to convert the intensities of the image to fit a norma·J distribution, such that imin 

and imax could be set to the quartiles of the shifted (normal) distribution. Since the distribution of intensity values is 

different for each scan line, the gamma correction would also be different for each scan line. However, performing 
a gamma correction on every scan line to calculate intensity thresholds would be too computationally intensive to 

support a real time application. Therefore, the authors simply map the ideal imin and imax values from the standard 

normal distribution to the actual distribution via an approximation of the inverse gamma function, based on 
statistical measurements of each scan line's intensities 

All pixels with intensity values above Imax(x) are considered brights, while all with intensities below Inun(x) are 
considered shadows, and the corresponding bits in the bright and shadow GBs are set (Figure 4). 
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Figure 4. GBs are used to facilitate clutter detection of obje,cts in SSl Each row of bits in both GBs corresponds to 
a single scan line in the image. All pixels in the image with an intensity value greater than an upper threshold are 

considered "brights" and the appropriate bit in the bright GiJ is set. Likewise, all pixels in the image with an 
intensity value less than a lower threshold are considered "shadows;, and the appropriate bit in the shadow GB is 

set. 

The bright and shadow GBs are then examined from the out~r edges of scan lines toward nadir to detect runs of 
shadows followed by runs of brights. (A valid object will have a shadow that falls away from nadir, with an 
adjacent bright closer to nadir). A circular lookup table is created to "window" the imagery several scan lines at a 
time. This lookup table is the same width as the GBs and is populated with the positions and run-lengths of shadows 
and brights stored in the GBs. The window information is then used to determine if there is an object present. 

After the clutter detection algorithm is run on SSI from a survey area, the resulting latitude and longitude locations 
of objects are clustered by the authors' clustering algorithm to produce clutter polygons that show·the bottom clutter 
density of the area. 

TESTING THE MODIFIED CLUTTER DETECTION ALGORITHM FOR ROUGHNESS 
In 2005, NA VOCEANO delivered two ssi imagery sets to the authors to test the ability of a modified clutter 
detection algorithm to estimate bottom roughness. Analysts at NAVOCEANO had already manually estimated the 
roughness of the two different geographic areas. 

NRL modified their clutter detection algorithm such that height information from each detected bottom object was 
maintained. The height of a bottom object is estimated by measuring the length of its detected shadow. In the new 
roughness algorithm, tl:ie authors used the altitude of the SSS above the seafloor, the distance the shadow is from 
nadir, and the sonar resolution to compute, store, and cluste~ seafloor objects into polygons representing smooth and 
rough areas based on the heights of the objects. 

Figure 5 shows smooth and rough polygons estimated manually by NA VOCEANO analysts for a large geographic 
area. NA VOCEANO provided SSI from "Test Box I" and "Test Box 2", and the authors ran each data set through 
their new automated roughness algorithm. 
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Figure 5. Test Box .1 and Test Box 2 provided to NRL to test their new roughness algorithm. 

The algorithm was run on both test areas separately. The locations of objects detected by the algorithm for Test Box 
I were clustered and categorized into smooth and rough polygon. The left image in Figure 6 shows a mosaic of the 
SSI from Test Box I with the manual roughness polygons overlaid. The image on the right presents the results from 
the roughness and clustering algorithm. The "cluster radius", or the distance that two spatially close objects will be 
clustered, was adjusted in an attempt to cr~ate polygons of roughly the same size that the analyst drew. 

Figure 6. Manual (left) and Automated (right) roughness polygons for Test Box l '. 

Figure 7 shows the manual polygons overlaid on top of the results from the automated roughness algorithm. The 
percentage of agreement between the manual and automated polygons is approximately 53% and the percent correct, 
assuming the inanual polygons to be ground truth, is 60%. Interestingly, both the manual and automated methods _ 
clearly indicate a smooth "lane" running through the center of the SSL During MIW operations, bottom roughness 
is important because it is one of the components that is considered when choosing which navigation lanes to clear of 
mines. Typically, it is easier to clear a smooth seatloor than a rough one. 
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-
Figure 7. Shows that both the manual and automated roughness calculations indicate a smooth lane. 

Figure 8 shows the manual and automated results from Test Box 2. Note that the manual roughness polygons (left, 
Figure 8) are larger than in Test Box I because the analyst chose to draw them larger, and the automated roughness 
polygons (right, Figure 8) are larger because a larger cluster radius was chosen during automated clustering. 

Figur_e 8. Manual (left) and Automated (right) roughness polygons for Test Box 2. 

When overlaid, as shown in Figure 9, the percentage of agreement between the manual and automated polygons is 
approximately 64% and the percent correct is 84%. Note that the automated algorithm correctly preserved the 
smooth areas around the edges of the test area. 
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EIII 
Figure 9. Manual roughness polygons overlaying automated roughness polygons for Test Box 2. 

CONCLUSION 
Estimating bottom roughness from SSI for a large survey area can take analysts months. This paper described a new 
roughness estimation algorithm that is capable of operating in real-time as imagery is being processed. The new 
algorithm presented was tested on two separate geographic areas where NAVOCEANO analysts have manually 
estimated bottom roughness. The automated roughness algorithm correctly identified a smooth lane in the first test 
area, and the generated automated . roughness polygons were approximately 60% correct assuming the manual 
polygons to be ground truth. The algorithm correctly identified smooth areas around the edges of the second test 
area, and the generated automated roughness polygons were approximately 84% correct. 

This feasibility study and modifications to the clutter detection algorithm for roughness estimation was 
accomplished over a few months in 2005. The results are promising, but do not yet reach the authors' target goal of 
90% or greater correlation between automated and manual roughness polygons. The authors are currently studying 
the results of the feasibility study. and have begun to make further modification to improve the new roughness 
algorithm. 
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FLEXIBLE APPROACH TO POSITION AND MOTION SENSING IN MATERIAL HANDLING 

Ronald P. Krahe 
Penn State University 

ABSTRACT 
This paper presents results of the investigation for developing a low cost, flexible and programmable position 
sensing system used with the industrial and food services material handling equipment. A CMOS sensor video 
capture camera, Universal Serial Bus USB interface, and PC computer make the system easy to implement and use. 
The proposed system detects position and motion of products passing through a dual coil metal detector. It improves 
the sensitivity of detecting tramp metal, and reduces the occurrence of false detection. The system is configurable 
for a variety of product sizes, shapes and motion. Classical and simplified signal processing algorithms are 
discussed. · 

INTRODUCTION 
Balanced coil metal detectors are used to detect very small pieces of 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. Products are often carried through the. me~l detector head on a conveyor belt. Pieces of 
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. · 

Detection signals from the head are on the order of nanovolts, ~o electrical noise is always a concern. To reduce the 
occurrence of false detection, the processing algorithm can be synchronized with the location of a product passing 
through the metal detector head. Photo sensors are sometimes used across the conveyor belt and coupled with the 
input circuit. In that way, sensitivity is increased when product is present, and decreased when no product is present. 

Also, on the outlet side of the head, photo sensors are used to align the position of the contaminated product with a 
reject mechanism. This way, only the package with the contaminated item is pushed off the conveyor, and the 
packages ahead of it and behind it are allowed to pass. · · 

Because of the different sizes and shapes of products, it can be difficult to align the photo sensors with each different 
product. It can take extra time to correctly align the photo sensors every time a line is changed to a different product. 
And sometimes it is not known if the photo sensors are misaligned, either indicating a product when it's not there, or 
missing a product that is there. This can cause improper sensitivity settings of the detection head. It can also cause 
too many items to be rejected, or even the wrong item to ·be rejected. It can also result injamming of the reject 
mechanism. · · 

The purpose of this investigation is to determine the feasibility ofusing a low cost camera to replace the photo 
sensors. This could allow "alignment" of new products by manually making software adjustments. It could even 
allow the software to setup the alignment automatically, or suggest proper product alignment. A proposed computer 
vision system would acquire video images of the conveyor belt, and determine the position and motion of the 
products entering and leaving the metal detector detection head. It would provide synchronization signals to the 
detection algorithm for improved sensitivity. And it would send indexing signals to the reject mechanism to assist in 
proper disposal of contaminated product. · · 

Apparatus -
This research concerns the use.of a low cost web camera such as fhe Logitech Model V-UAM27 QuickCam IM 
which connects to a P~ or other computer by means of a high speed USB serial interface. The camera can be set to 
acquire images of various resolutions from 160 by 120, to 640 by 480. Speed of acquisition can be set at various 
rates up to 30 frames per second. The acquire angle ofapproximately forty-two degrees allows a twenty-five inch 
long field of view at a camera ·height of thirty-two inches. For maximum conveyor speeds ofup to five feet per 
second typical of the packaged food processing mdustry, a nominal twelve frames per second translates to 
approximately five inch movement between frames. At an acquire resolution of 320 by 240 pixels, the maximum 
movement covers approximately sixty four pixels. 
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Image acquisition and processing software for the PC was written in the Microsoft Visual Studio 2003 development 
platform using the Visual Basic.NET language [3] [4]. Camera video and image capture were implemented using 
DirectX, DirectShow, and DirectCapture classes [5]. The image processing methods selected for investigation were 
suggested by Shapiro [I] and by Freeman [2]. All images were processed in gray scale, where each pixel was 
represented by a single value from Oto I. The value·represents the pixel intensity, 0 for black, 1 for white, and 
values in between for gray. Image pixels were converted.to unsigned integers for display on the PC monitor, and 
were dithered and converted to black and white for printing in this paper. Predominantly black images were inverted 
for printing. 

METHODS 
According to Shapiro and others, motion can be detected and analyzed from a sequence of 2D images. Several 
methods are suggested. The following methods were investigated for this project. · 

Image Subtraction 
Two images (frames) are taken in _sequence, a given time period apart. ft(r,c) is the most recent image, and 

ft-l (r,c) is the previous image. See figures IA and IB. The magnitude of the difference image 9t(r,c) is calculated 

from Equation I on a pixel by pixel basis, for all 240 rows and 320 columns. · 

gt(r,c) = abs [ft(r,c) - ft-l (r,c)] (1) 

Image subtraction tends to remove stationary background features of the image, and highlights any pixels that have 
changed between the two sequential images. · 

Unwanted pixels in the difference images can be caused by movement of the background or camera. They are also 
caused by intensity quantization errors and spatial quantization errors. These undesirable differences were removed 
using three different techniques: thresholding, opening, and a combination of the two. 

For thresholding, each pixel was processed independently. The intensity values in the difference image were first 
scaled between O and I, then converted to binary, where any pixels less than threshold value t (threshold of interest) 
became O and all others become I. This method tended to remove most digitization and quantization noise, but it 
still left some unwanted pixels around the edges of dark and light regions of the original image. The resultant 
difference image successfully identified high-contrast edges of moving objects, but it did not identify movement of 
uniform areas of moving objects. See figure IC. 

Opening compares each pixel with it neighboring pixels. It eliminates isolated bright areas. It was achieved by first 
eroding the image to remove the edges of bright regions, then that image was dilated to add back the edges of the 
bright areas. To erode the gr&y image, the pixel intensity was set to the lowest value of the nine neihbors. To dilate, 
the pixel intensity was set to the highest value. The resultant image was converted to binary and used as a mask of 
the original difference image. This method successfully eliminated the isolated unwanted pixels around the edges of 
light and dark regions. When opening was combined with thresholding, the processed difference image clearly 
identified high contrast regions of moving objects. See figure ID. However it was unsuccessful at identifying the 
boundaries of the objects, and it could not be used to determine the speed or_ direction of movement. 

Image Intensity Moments 
Motion can be detected by differences between two sequential images. Where the images consist primarily of a large 
bright area on a uniform darker background, the motion can also be described using the intensity moments. See 
figures 2A through 2D. Moments are calculated using the equations 2A !hrough 2F. , 

Moo = I ft(r;c) 

M11 = I r*c*ft(r,c) 

M10 = I r*ft(r,c) 

M20 = I r
2
*ft(r,c) 
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M01 = I c*ft(r,c) 

M02 = I c2*ft(r,c) 

(2E) 

(2F) 

From these moments, then the position, size, and orientation of equivalent rectangles are calculated. And the motion 
is described as the change in position, change in size, and change in orientation from one image to the next. 
Unfortunately, since our images consist of scattered areas of light and dark, the moments of the two sequential 
images are nearly identical and no motion is detected. 

Point Correspondences 
A motion field can be created from a sequence of two images. The motion field is described by a set of vectors 
where each vector in the field has its head at a pixel in the present image and its tail at the corresponding pixel in the 
previous image. The number of pixels in the image is far too numerous to calculate vectors for every pixel. 
Interesting pixels we~e chosen in sections of the image with -large contrast. Three methods were used to find 
interesting pixels. Comers of regions were found using Kirsch compass masks. Textures of regions were found 
using Frei-Chen texture masks. And finally, high variation poinp, of interest were found, where the minimum 
variation in all spatial directions exceeded a minimum threshold. 

The following Kirsch masks are applied to each pixel in the image as illustrated in the one equation 3, and the 
interesting points are identified if the highest value is greater than a threshold. 

~ = I wN(i,j) * f(i,j) 

5 5 5 -3 5 5 -3 -3 5 -3 -3 -3 
-3 0 -3 -3 0 5 -3 0 5 -3 0 5 

-3 -3 -3 -3 -3 -3 -3 -3 5 -3 5 5 

WsE 

(3) 

The following Frei-Chen masks are applied to each pixel in a similar manner, and the interesting points are identified if 
the lowest value is greater than a specified threshold. · 

0 -1 ✓2 ✓2 -1 0 

1 0 -1 -1 0 1 

-✓2 1 0 0 1 -✓2 

WNw 
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A third set of masks, t~e following high variation masks, were applied to eac~ pixel, and the interesting points are 
identified as those pixels where the minimum variation is all directions exceeds a minimum threshold. This set of 
masks produced the outputs shown in figures 3A and 3B for the previous and latest frames. 

0 1 0 0 0 1 
0 0 0 0 0 0 

0 -1 0 -1 0 0 

Fig IA. Previous image. 
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Fig IC. Difference image (negative) 

0 O· 0 -1 0 0 

-1 0 1 0 0 0 

0 0 0 0 0 1 

WsE 

FIGURES 

Fig IB. Most recent image. 
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Fig ID. Difference image after opening and thresholding 
· (negative) 
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Fig 2A. Original image. Fig 2B. New position. 
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Fig 3A. Pervious interesting points with high variation 
(negative) 
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Fig 2C. New size. Fig 2D. New orientation . 

• . 
i.,. . r\ . . ,., ':-":.. 

Iii .. )-·. . -, .... . 
Ill 

Fig 3B. Most recent interesting points with high variation 
(negative) 

SUMMARY 
A low cost vision system can be used in conjunction with an industrial metal detector to in1prove sensitivity and 
reduce false detections. The system is more flexible than conventional optical and proximity sensors for position and 
motion sensing. The simplified algorithms make the system easy to configure for various products. As processing 
algorithms are improved, object edges can be identified and located relative to the metal detector head. 
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A FUZZY MCDM APPROACH TO ENERGY RESOURCE PLANNING 
FOR _ELECTRICITY GENERATION IN TURKEY* 

E. ErtuWUl Karsak and Mehtap Dursun 
Galatasaray University 

ABSTRACT 
A robust approach to energy planning requires the consideration of social and environmental concerns as well as 
economic aspects. Thus, a sound decision framework for prioritization and selection of resources for electricity 
production requires a multi-criteria evaluation. The potentially viable resources for electricity generation in Turkey 
are coal, oil, natural gas, nuclear power, hydropower, wind, solar energy, and biomass. Although conventional 
energy resources are widely used for electricity generation in Turkey, the renewable energy resources will be 
increasingly needed in the coming years to meet the energy demands in a sustainable way that does not deteriorate 
environmental quality and economic efficiency. On the other hand, limitations on land availability and high initial 
investment costs impede the development of renewable energy resources. Nonetheless, Turkey should strive to be 
among the leading countries in developing and using renewable energy resources, owing to its abundant potential for 
renewable energy. This paper presents a fuzzy multi-criteria decision making (MCDM) framework for electricity 
production in Turkey. Cost, atmospheric emissions, sustainability,_safety and reliability, and suitability are 
employed as the criteria to evaluate the energy alternatives, which are r~newable energy sources, fossil fuels, and 
nuclear power. The proposed approach enables both crisp and linguistic data to be taken into account in energy 
planning. . 

INTRODUCTION 
The worldwide energy consumption has been increasing rapidly due to the rise in population, industrialization, and 
the technological development. The consumption of electricity and the economic development maintain a direct 
relationship. Indeed, considering the rise of the income per capita and the demographic growth, the demand for 
electricity will reach very high levels in developing countries. 

Satisfying the world's electric power requirements, we strongly depend on the systems based on the fossil fuels, 
which represent nearly 74% of total world consumption (and, in the industrialized countries, more than 85%). The 
systems using renewable energies, i.e. resources constantly replenished, like the sun, the wind and the hydraulic 
power, constitute approximately 20% in total. 

The production and the consumption of electricity in Turkey increased rapidly during the past 20 years. Tiie needs 
for the energy sources used for the electricity production, where the production cannot satisfy the demands, are 
provided via imports. Turkey is a country where the local resources of energy are limited. The Ministry of the 
Energy and the Natural Resources (MENR) es~imates that the ratio of imported energy will be 73% in 2010 and 78% 
in 2020 [1]. Thus, we have to re-examine our energy policy carefully to prevent the energy crisis which can occur in 
the future. 

For this reason, this paper focuses on the detailed multi-attribute evaluation· of different resources for electricity to 
find the most suitable planningfor Turkey. In the Iiterature;ttiere are a· few papers that examine the different energy 
alternatives for Turkey. Topcu and Ulengin [1] used the PROMETHEE method, and Gungor and Arikan [2] 
employed a fuzzy preference model. These algorithms only provide a ranking of alternatives using an outranking 
procedure. In our study, we not only rank the energy alternatives but also assign weights to each alternative. In 
section 2, the energy resource alternatives considered in this study are analyzed. The third section delineates the 
attributes that are used to evaluate the alternative energy resources. Section 4 presents a framework for the selection 
of the most suitable energy alternatives and their allocations for electricity generation. Section 5 presents the 
application ofthe propo~ed model. Finally, conclusions are provided. 

• This research has been financially supported by Galatasaray University Research Fund. 
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ENERGY SOURCES USED FOR THE PRODUCTION OF ELECTRICITY 
In Turkey, the rapid growth of electricity deinand is likely to continue ip the future. It would be necessary to 
establish an electricity capacity, which is not less than 65.000 MWe in 2010. MENR believes that this project 
requires an investment of about $3-5 billion per annum. The net electricity production in Turkey has more than 
doubled within the last decade, but it is not sufficient to meet the foreseen demand [3]. 

In this research, the potentially viable electricity resources considered for Turkey are fQssil fuels ( coal, oil), natural 
gas, nuclear, hydropower, wind, solar power, and biomass. These energy resources can be classified into two major 
categories as renewaple and non-renewable. Renewable energy resources are constantly replenished, unlike coal, oil 
or gas, which have finite reserves. Renewable energy can therefore be consumed in a sustainable way. Solid fossil 
fuels (coal), oil, natural gas and nuclear power are non-renewable. These are all conventional energy resources [4]. 

Coal is a highly efficient and cheap energy resource for Turkey, and.as of today there are 1126 milliards tons of coal 
reserves, but only 428,4 million tons can be used [5]. Although fossil fuels are highly efficient and cheap, fossil fuel 
extraction and conversion has several environmental impacts. Fossil fuels can be seen as one of the major 
contributors to global wanning, greenhouse gases and a cause of acid rain; thus, expensive air pollution controls are 
required [ 4]. 

Oil provides nearly half of Turkey's total energy requirement [4]. The main oil company is Turkish State Society of 
Oil, which roughly accounts for 80% of Turkey's oil production. Since the beginning of the last century, the 
petroleum has become the most important energy source. Nevertheless, as a result of the several energy crises, the 
other sources of energy have gained importance [6]. 

The natural gas is the fossil source of energy, which has been in a strong progress since the seventies. Because of its 
economic and ecological advantages, the natural gas becomes more attractive for a number of countries, and also it 
is one of the most important energy sources that is used after oil [5]. Although natural gas is generally accepted as a 
fossil fuel, here, it is examined separately from coal, lignite and oil since its related CO2 emissions and contribution 
to global wanning figures are much lower than fossil resources [4]. Turkey has extensive plans to increase natural 
gas use for electricity production. · 

The nuclear energy does not generate greenhouse gases such as CO2, SO2, NOx. On the other hand, it generates 
radioactive waste. The nuclear fuel is inexpensive and easy to transport. Although there is no emission of gas~ it 
carries health risks both for the human kind and the environment. The storage of nuclear waste is a major problem. 
First-aid organizations and systems of storage are necessary but their costs are very high [7]. In July 2000, Turkey 
cancelled its plans to build a nuclear power station in Akkuyu. The cancellation was directly provoked by the 
economic situation. However, there had been much opposition to the project for some of reasons. Indeed, most 
European countries are planning to be non-nuclear [4]. 

The wind causes no emission, and it is free and available. A windy site with no or a low level of turbulence, with 
wind predominantly blowing from one direction, or directions at 180° to one another, is a perfect site for a wind 
turbine. It works well in coastal areas and on high ridges. The site must be far away from the dwellings and the 
bird's migration routes. It is noisy to generate the power by the wind and the equipment is expensive to maintain. It 
also requires expensive means for the storage of energy like large batteries [4]. Turkey has a considerable potential 
for the electricity production from wind. The most suitable area in Turkey is the Marmara Sea region. Today, 
Turkey encourages the construction of wind power stations by the private entrepreneurs. The Turkish government 
has offered to get 390 MWe of the electricity by the wind. Approximately 25 potential sites projects had been 
identified but the offer was cancelled because of the changes in IMF's economic policy [8]. 

Hydroelectricity is a ~echnology widely used for the electricity generation. It is capable.of delivering strong power: 
It is entirely renewable and does not cause any CO2 emission. Once-that a hydroelectric plant or a hydroelectric dam 
is built, the operation cost is very little. The plant can affect the landscape and it can damage the fish [4]. The 
geographic position of Turkey is favorable for the hydroelectric energy generation. Turkey has approximately 1 % of 
the total world's hydroelectric potential. Currently, the hydroelectric energy plants in Turkey represent 
approximately 40% of Turkey's electricity demand [9]. 
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In fact, it is also possible to use photovoltaic (PV) modules as a resource of electricity production. PV modules 
produc~ electricity directly from light without emissions, noise, or vibi:ation. The sunlight is free but the cost of 
power generation is exceptionally high. Solar energy has a low energy density, which requires a large surface for the 
generation of small amount of energy [4]. In l_"urkey, the output of electricity from photovoltaic energy is 
approximately I,400,000 MW. Ifwe use the total PV energy capacity, the annual electricity production will increase 
into 6,I05 billion kWh [9]. On the other hand, there are several disadvantages of PV modules, high cost being the 
primary disadvantage. However, in the near future, it will be cheaper especially in the Mediterranean region due to 
more direct sunlight [ 4]. 

Biomass is a principal energy source in Turkey. It is used to meet different energy needs, mcluding electricity and 
heating system for the industrial plants. The biomass energy includes fuel wood, agricultural residues, livestock 
wastes, charcoal and other fuels drawn from biological sources [IO]. · 

CRITERIA EMPLOYED FOR THE EVALUATION OF ENERGY SOURCES 
Considering the rapid progress in Turkey, the energy policy of the country needs the continuous and inexpensive 
energy sources. The implementation of a successful energy policy requires political and economic institutions to be 
responsible and adapt easily to the changes. 

As can be seen, there is a conflict between the economic and environmental value of the alternatives. The 
conventional fuels like coal and oil are the energy resources, which are ~ess attractive when they are evaluated from 
an environmental point of view. Although renewable and conventional resources have different power generation 
capacity, sustainability and stability, renewable energy sources are generally considered as suitable substitutes for 
the conventional resources. Furthermore, renewable technologies come together with high capital cost and low 
operating and maintenance costs. Although these characteristics make them more attractive in the long term, they 
may be less attractive in a competitive setting. Therefore, the appropriate selection of an electricity generation 
resource demands a multi-attribute evaluation of the electricity generation systems [4]. 

Generally the energy policy consists of an institutional structure, in which the decisions are based on the reduced 
cost, CO2, SO2 and NOx emissions, safety and reliability, sustainability and suitability of energy resources. Thus, we 
will use these attributes to evaluate possible energy resources in this study. 

Reduced Costs 
Reduced cost considers both the capital and the operating and maintenance expenditures. The capital expenditure is 
the initial cost of factory construction. Renewable technologies have high capital expenditure, and low operating and 
maintenance expenditures. These characteristics make them more attractive in the long-term, but less attractive in a 
competitive arrangement when eost minimization is aimed [4]. 

CO2, S02 and NO_x Emissions , 
The new legislation has not resulted in any substantial changes in the environmental policy strategy; nevertheless, it 
has caused a significant progress. The total internalization of the environmental cost is conditioned by an exhaustive 
evaluation of the social c~st of the damage and the natural resources exploitation. The external cost is imposed on 
the company and the environment, but not represented by the ~I'lergy producers and the consumers, thus it is not 
included in the market price. The criteria regarding that cost are presented to measure the eqtlivalent CO2, SO2 and 
NOxemissions [I I]. 
The pollutants are identified in the following categories: 

• Emissions mainly caused by the combustion ·process, 
• Liquid waste, which is mainly associated with secondary products, 
• Solid waste, which is produced during the cycle of life of actions. 

Sustainability . 
The needs of the developing countries must be translated in terms of energy sustainability as well as considering its 
economic, social and environmental dimensions. The environmental dimension implies that the sustainability 
conditions are ·not only respected at the country level, but in a global scale. First of all, for the sustainability of 
energy resources, it is necessary for us to evaluate ·sustainable development paradigm by taking the laws of nature 
into account. Indeed, it is possible· to estimate the relative sustainability of the energy technologies on the basis of 
their resource consumption. 
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Safety and Reliability . 
The safety of the energy resources can be defined as the possibility to have energy in sufficient amounts, in various 
forms and for reasonable prices for the consuiner. The reduction of the supply breaks in imported energy is 
considered only as .an aspect of the energy safety. It is also important to have local and imported resources for the 
requirement of the growing demands in long-term. The regional integration of the energy supply systems can 
increase safety. Regional collaboration must be reinforced to harmonize the development of energy regulations and 
to create the necessary infrastructures. The reliability of the electricity provisioning has a significant priority. In the 
industrialized countries, the consumers demand 100% reliability, whereas those of the geveloping countries often 
suffer frequent breaks. 

Suitability 
It is necessary to consider environmental suitability in energy cooperation. The use of energy strictly depends on the 
government policy. The use of the energy resources must be compatible with political, legislative and administrative 

_structure. For Turkey, some energy resources like natural gas and oil are uncertain because of the political instability 
of the country from which they are i~ported [I I]. 

THE FUZZY DECISION M~KING METHOD 
The appropriate selection of an electricity generation resource necessitates a multi-attribute evaluation of the 
electricity generation systems. In this study, we aim to both rank the energy alternatives and assign weights to them 
considering their theoretical upper bounds. Chen [12] proposed a fuzzy multi-criteria decision making (MCDM) 
method for ranking alternatives. In this paper, we employ an extended version of the previously proposed fuzzy 
MCDM algorithm by enabling to assign weights to the ranked alternatives. The assigned weights indicate the 
potential use of the energy alternative with respect to the total energy demand. 

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 Table 
I . The decision maker uses the linguistic variables to evaluate the importance of the criteria and the ratings of 
alternatives .with respect to various subjective criteria. 

Table 1: Linguistic variables 
Very Low (VL) (0, 0, 0.25) 
Low (L) (0, 0.25, 0.50) 
Medium (M) (0.25, 0.50, 0.75) 
High {H) (0.50, 0.75, 1.0) 
Very High (VH) (0.75, 1.0, 1.0) 

When we assume that there are K decision-makers, the rating of alternatives with respect to each criterion and the 
importance of the criteria can ~e calculated as 

Xy = ~ ~b(+)xJ(+)···(+)xf], 

'"1 = ~ ~ J(+)w](+)···(+)wf ], 

where xf and wf are the rating and the importance weight of the Kth decision maker. 

(1) 

(2) 

In order to ensure compatibility between evaluation of objective criteria and linguistic ratings of subjective criteria, 
the following linear scale transformation is used to transform the data into a comparable scale. 

30 



Proceedings of the 2006 IEMS Conference 

X··-X-:-
~ ~ , j E set of benefit criteria 

X1-XJ 
riJ = 

X~-X-· 
1 lJ , j E set of cost criteria 
* -

X1-XJ 

(3) 

where X ij = ( a ij, by, c ij) , X j * = m~ c ij and X j - = m~ a ij . Then we obtain the normalized fuzzy decision 
. l l , 

matrix denoted by R as R = f;y· · ] . Considering the importance weights of each criterion, we calculate the final 
mxn 

fuzzy evaluation value of each alternative as 

~ n 
P; = r ,:iJ ®w1 , 

. j=I 
i= 1, 2, . . . , m (4) 

where P; is the final fuzzy evaluation value of alternative A;, and ® denotes the· fuzzy multiplication operator. 

We use the membership function .of P;(-)P1to indic~te the preferen~e ~falternative A; over alternative A1, and then 

compare P; (-)P1 with zero. Here, the final fuzzy evaluation .values P; and pj are triangular fuzzy numbers. The 

difference between P; and P1 is also a triangular fuzzy number and can be calculated as 

where Pt =~~,P:!], PX =[PJ/,P}u]. zij1 = P~-, P}u, ziju = pf:, -p'fl' 

(5) 

(6) 

If zifl > 0 for ae [0,1], then alternative A; is absolutely preferred to A1. If z~u < 0 for ae [0,1], then alternative A; 

is not absolutely preferred to A1. If z~1 < 0 and z~ > 0 with some a values, we define eij as a fuzzy preference 
lJ . l]U 

relation between alternatives A; and A1 to represent the degree of preference of alternative A; over alternative A1. 

The eij is defined as · 

S>O, (7) 

where S 1 = f x>O µz!i (x )dx , S 2 = f x<O µzij (x )dx , and S = S1 +S2 . 

The value of eij is the degree of preference of alternative A; _over alternative A1 and z:J (x) is the membership 

function of P; (-)P1. Therefore, eij > 0.5 indicates the alternative A; is preferred to alternative A1. If eij = 0.5, then 

there is no difference between alternatives A; and A1. If eij < 0.5, then alternative A1 is preferred to alternative A;. 
Using the fuzzy. preference relation, we can construct a fuzzy preference relation matrix as 

E = leij Jmxm · . . (S) 

The fuzzy preference relation matrix represents the degree of preference of each pair alternatives. According to the 
fuzzy preference relation matrix E, the fuzzy strict -preference relation matrix can be defined as 
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Es...:. I s j - teij mxm 
(9) 

where 

(10) 

The value of e~. is a degree of strict dominance of alternative A; over alternativeA1. Thert~ the nondominated degree 
y 

of each alternative A; (i = I, 2, ... , m) can be determined by using the fuzzy strict preference relation matrix as 

µND(A; )= min(l-e.S:.) = I-max e.S:. (11) 
jeO. Jl jeO. Jl 
f¢i f¢i 

~here µ ND (A;) is the nondominated degree of each alternative A; and Q is a set of alternatives. A large value of 

µ ND (A;) indicates that the alternative A; has a higher nondominated degree than others. Therefore, we can use the 

µND(A; }values to rank a set ofalternatives. The procedure is described as follows: 

Step 1. Set K = 0, l = 1 and Q = (A 1, A2, ... , Am). 

Step 2. Select the alternative, which has the highest nondominated degree, say Ah, µND (Ah)= max µND (A;). 
. i 

Set the -ranking for Ah as r(Ah) = K + 1 . Calculate the weighting of alternative Ah as 

[ 

maxµND(A;) l 
q(Ah)=min l* i ND ,uh , _ 

"f,µ (A;) 
(12) 

where uh is the upper bound for alternative h, and then set 

[ 

maxµND (A;) l 
l = l - min A* i ND , uh 

"f.µ (A;) 
(13) 

Step 3. Delete the alternativ~ Ah from !J, i.e. Q = Q/Ah. The corresponding row and column of Ah are deleted from 
the fuzzy strict preference relation matrix. 

Step 4. If Q = 0, then stop. Otherwise, recalculate the nondominated degree for each alternative A;, A; En. 
Set K =· K + 1 and retuni to step 2. 

ELECTRICITY GENERATION PLANNING FOR TU~KEY 
We have eight alternatives (A1: Coal, A2: Oil, A3: Natural Gas, At: Nuclear, As: Wind, Ar,: Photovoltaic, A7: 

Biomass, A8: Hydropower) and seven criteria (C1: Reduced Cost, C2: CO2 emission, C3: SO2 emission, C4: NOx 
emission, Cs: Sustainability, C6: Safety and reliability, C7: Suitability). The evaluation is done by a committee of 
three experts. Upper bounds for potential use of alternatives in year 2012 are determined as 0.30, 0.20, 0.40, 0.03, 
0.10, 0.03, 0.03, 0.30, respectively, using expert opinion. The benefit and cost criteria set are B={Cs, C6, C7} and 
C={C1, C2, C3, C4}respectively. The algorithm proposed in section 4 is applied to-solve this problem. The data 
related to the energy planning problem is given in Table 2. The-compu~tional procedure is_ summarized as follows: 
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Table 2: Rating of alternatives with respect to each criterion 
Criteria Alternatives Decision Makers 

DM1 DM2 DM3 

Coal 40 40 40 
Oil 40 40 40 
Natural Gas 30 30 30 
Nuclear 75 75 75 

C1 (mills/kWh) Wind 45 45 45 
Photovoltaic 250 250 250 
Biomass 82 82 82 
Hydropower 5 5 5 , 

Coal 2.12 2.12 2.12 
Oil 1.96 1.96 1.96 
Natural Gas 1.34 1.34 1.34 
Nuclear 0 0 0 

C2 (pound/kWh) Wind 0 0 0 
Photovoltaic 0 0 0 
Biomass 0.723 0.723 0.723 
Hydropower 0 0 0 

Coal 0.0136 0.0136 0.0136 
Oil 0.0123 0.0123 0.0123 
Natural Gas 0.000007 0.000007 0.000007 
Nuclear 0 ·o 0 

CJ (pound/kWh) Wind 0 0 0 
Photovoltaic 0 0 0 
Biomass 0 0 0 
Hydropower 0 0 0 

Coal 0.0079 0.0079 0.0079 
Oil 0.0036 0.0036 0.0036 
Natural Gas 0.0046 0.0046 0.0046 
Nuclear 0 0 0 

c. (pound/kWh) Wind 0 0 0 
Photovoltaic 0 0 0 
Biomass 0 0 0 
Hydropower 0 0 0 

Coal VL VL VL 
Oil VL VL L 
Natural Gas L L L 
Nuclear L L H 

Cs Wind H VH VH 
Photovoltaic VH VH VH 
Biom~s , H VH H 
Hydropower H H M 

Coal L M L 
Oil L M L 
Natural Gas L M· M 
Nuclear VL. VL VL 

c, Wind M VH VH 
Photovoltaic H VH VH 
Biomass VH H M 
Hydropower M H H 

Coal L H L 
Oil VL M L 
Natural Gas M H M 

Ci 
Nuclear VL M VL 
Wind VH M VH 
Photovoltaic VH M VH 
Biomass M H M 
Hydroeower H . VH H 
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i. The decision-makers use the linguistic variables denoted m Table 1 for ~etermining the importance of the 
criteria as repres·ented in Table 3. 

Table3: Importance weights of the criteria 
DMr DM2 DM3 . 

C1 L L· M 
C2 H VH VH 
C3 M VH H 
C4 M VH M 
Cs H L M 
C6 M L H 
C1 M M H 

ii. The average fuzzy weight for each criterion is calculated using equation (2). The results are presented in 
Table 4. 

Table 4: Fuzzy weights of the criteria 

Weights (0.08,0.33,0.58) (0.67,0.92,1) (0.5,0.75,0.92) (0.42,0.67,0.83) (0.25,0.5,0.75) (0.25,0.5,0.75) (0.33,0.58,0.83) 

iii. According to Table 2, the fuzzy decision matrix is constructed as in Table 5. 

Table 5: Fuzzy decision matrix 

C1 C2 C3 C4 Cs c6 
40 2.12 0.0136 0.0079 (0,0,0.25) (0.08,0.33,0.58) 
40 1.96 0.0123 0.0036 (0,0.08,0.33) (0.08,0.33,0.58) 
30 1.34 0.000007 0.0046 (0,0.25,0.50) (0.17,0.42,0.67) 
75 0 0 o. (0.17,0.42,0.67) (0,0,0.25) 
45 0 0 0 (0.67,0.92, 1) (0.58,0.83,0.92) 
250 0 0 0 (0.75,1,1) (0.67,0.92,1) 
82 0.723 0 0 (0.58,0.83, 1) (0.50,0.75,0.92) 
5 0 0 0 (0.42,0.67,0.92) (.0.42,0.67,0.92) 

iv. The fuzzy normalized decision matrix is constructed as shown in Table 6. 

0.86 
0.86 
0.90 
0.71 
0.84 
0 
0.69 
1 

0 
0.08 
0.37 
1 
1 
1 
0.66 
1 

Table 6: Fuzzy normalized decision matrix 

0 0 (0,0,0.25) (0.08,0.33,0.58) 
0.1 0.54 (0,0.08,0.33) (0.08,0.33,0.58) 
1 0.42 (0,0.25,0.50) (0.17,0.42,0.67) 
1 1 (0.17,0.42,0.67) (0,0,0.25) 
1 1 (0.67,0.92,1) (0..58,0.83,0.92) 
1 1 (0.75,1,1) (0.67,0.92,1) 
1 1 (0.58,0.83,1) (0.50,0.75,0.92) 
1 1 (0.42,0.67,0.92) (0.42,0.67,0.92) 

v. The final . fuzzy evaluation values of alternatives are calculated as _ 

P
1 

= (0.12, 0.66, 1.65) 

p2 = (0.42, 1.10, 2.17) 

p3 = (1.13, 2.31, 3.71) 
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C1 

(0.17,0.42,0.67) 
(0.08,0.25,0.50) 
(0.33,0.58,0.83) 
(0.08,0.17,0.42) 
(0.58,0.83,0.92) 
(0.58,0.83,0.92) 
(0.33,0.58,0.83) 
(0.58,0.83, 1) 

(0.10,0.37,0.64) 
(0,0.18,0.46) 
(0.27,0.54,0.82) 
(0,0.10,0.37) 
(0.54,0.82,0.91) 
(0.54,0.82,0.91) 
(0.27,0.54,0.82) 
(0.54,0.82, 1) 
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p4 = (1.69, 2.84, 4.16) 

"p5 = (2.15, 3.96, 5.43) 

p6 = (2.12, 3.77, 5.01) 

p? = (l .78, 3.36, 4.92) 

p8 = (2.06, 3.81, 5.54) 

vi. The difference between two final fuzzy evaluation values is calculated by using equation ( 5). 
vii. The fuzzy preference relation matrix is constructed as -

0.50 0.28 0.03 0.00 0.00 0.00 0.00 0.00 

0.72 0.50 0.11 0.02 0.00 0.00 0.01 0.00 

0.97 0.89 0.50 0.32 0.13 0.15 0.22 0.14 

1.00 0.98 0.68 0.50 0.22 0.26 0.35 0.24 
E= 

1.00 1.00 0.87 0.78 0.50 0.57 0.65 0.52 

1.00 1.00 0.85 0.74 0.43 0,50 0.60 0.46 

1.00 0.99 0.78 0.65 0.35 0.40 0.50 0.37 

1.00 1.00 0.86 0.76 0.48 0.54 0.63 0.50 

viii. The fuzzy strict preference relation matrix is denoted as 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.94 0.78 0.00 0.00 0.00 0.00 0.00 0.00 

Es= 
1.00 0.95 0.37 0.00 0.00 0.00 0.00 0.00 

1.00 1.00 0.74 0.55 0.00 0.13 0.29 0.04 

1.00 1.00 0.70 0.48 0.00 0.00 0.19 0.00 

1.00 0.98 0.56 0.30 0.00 0.00 0.00 0.00 
, , 

1.00 1.00 0.71 0.52 0.00 0.09 0.25 0.00 

ix. The nondominated degree of , the energy alternatives are computed respectively 
ND ND ND -ND - ND ND µ (A1)=0,µ (A2)=0,µ (A3)=0.26,µ (A4)=0.45,µ (A5)=l,µ (A6)=0.87, 

ND - ND 
µ (A7) = 0.71 andµ (Ag)= 0.96. 

x. As has the highest nondominated degree, thus set r<.As) = 1 and calculate the weight for As as q(As) = 0.10. 
After deleting As, the new fuzzy strict preference relation matrix is constructed and the rank and weight 
(q(Ab)) for the other alternatives are computed in a similar way. The obtained results are summarized in 
Table 7. 

Table 7: Rank and weighting of the alternatives 

Energy alternatives r(_Ah) q(Ah) 
Wind l 0.1000 
Hydropower 2 0.2625 
Photovoltaic 3 0.0300 
Biomass 4 0.0300 
Nuclear 5 0,0300 
Natural Gas - 6 0.4000 
Oil 7 0.0949 
Coal 8 0.0526 
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CONCLUSION 
The energy consumption of the world increases rapidly depending on the increase in population, industrialization 
and the technical development. Therefore, in the future, energy is likely to increase its importance in world policy. 
Today, energy is one of the most important need of the developing countries as well as the developed ones. 
Although, it may not appear as a perfect criterion, the countries' development rate is measured by their energy 
production and consumption. · 

This research is an attempt to evaluate the electricity generation alternatives for Turkey fr:.gm a multi-dimensional 
perspective. The results show that the renewable energy resources are more suitable than the conventional resources 
for electricity production. Turkey has a potential of meeting approximately 42% of its electricity demand from the 
renewable resources. This ratio cannot be considered as insignificant Thus, we have to analyze our energy policy in 
order to increase the use of renewable energy resources. Wind power appears as the most suitable alternative to 
resolve Turkey's electricity generation problem in the future. It can meet 10% of Turkey's total electricity demand. 
Wind, a renewable resource, causes no emission and is free if available. Coastal areas and high ridges are perfect 
windy sites for wind turbines. It will be to Turkey's great benefit to utilize its significant windy sites. It is a major 
resource for making energy systems more sustainable due to its relatively low cost and the prior use of the 
corresponding technology. Hydropower is the second appropriate energy resource for electricity generation. Turkey 
can cover approximately 26% of its electricity demand from hydropower. Hydropower generates large amounts of 
power with no harmful gas emissions and it is renewable. However, hydropower is likely to be constrained as many 
dams available in Turkey are already in use. Due to Turkey's sunny climate, photovoltaic power may have a 
considerable potential but the problem of high cost remains as an issue to be resolved. Most of the practitioners and 
experts would agree that Turkey has to admit that fossil fuels and natural gas are on the way out and we should 
move into a new_era based on wind, water, and sun. 
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RESEARCH OPPORTUNITIES FOR MULTIPLE RESPONSE SURFACE OPTIMIZATION 

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

ABSTRACT 
A review of recent journal articles and seminal methods from the multiple response surface optimization literature 
will be summarized. Research opportunities are identified for both constrained and combined response surface 
problems. The .authors' current research plan to address specific issues with constrained_proplems will be discussed. 

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 of new 
products and processes. Response surface methodology utilizes. experimental design, search methods, model 
fitting, and optimization 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" approach, optimizes a primary response 
while treating the other responses as constraints. 

The formulation of a typical combined model is as follows: 

min f W;)'; (x
1 

, ••• , xn), where W; ~ 0 for all i = 1,K , m responses and f w; = I· 
~ ~ 

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

The formulation of a typical constrained model is as follows: 
miny1 (x1, ••• ,xn) 

Subject to/, s s,, s u,, for all i = 1,K ,m,i :t= j 

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

i -:I:- j and R is the experimental region. 

The next section will focus on multiple response surface methodology optimization activities since 1996 as well as 
include relevant seminal work conducted previous to this time period. 

MULTIPLE RESPONSE SURFACE OPTIMIZATION METHODOLOGIES 
Myers (1999) provided a perspective on the current status and future directions ofresponse surface methodologies. 
Myers identified the need to move to robust designs rather than optimal solutions including the possible use of 
sequential and Bayesian designs. Additionally, identified future areas of research included generalized linear 
models, multiple response models, nonparametric and semiparametric models, and models than can respond to 
problems when there are restrictions in randomization. The articles referenced reflect the recent progress seen in 
these areas. -

In 2004, a literature survey was published of response swface methodology work conducted since 1989, when the 
last comprehensive review was conducted (Myers, Montgomery, Vining, Borror and Kowalski 2004). The article 

. provided an extensive bibliography which is more comprehensive than the articles included in this review. Primary 
areas included in the review are Robust Parameter Design (RPD), experimental designs including methods of 
evaluation, multiple responses, and .Generalized Linear Models (GLM). 
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· Many overviews of optimization methodologie.s have been written in recent ye~ with focuses on multiple response 
surface optimization_ (Carlyle, Montgomery and Runger 2000; Murphy, Tsui and Allen 2005), alternatives for robust 
parameter design (Myers, Khuri and Vining 1992), nonlinear multi-objective optimization (Miettinen 2001), and a 
graphical overview of multiple objective programming (Steuer 200 I). The subsections below focus on a variety of 
methods that have been proposed to solve multiple response surface problems. 

Contour Plots 
Hoerl (1959) introduced a graphical method, called Ridge Analysis, whereby a single response is plotted and the 
peaks are examined to determine the optimum levels of the variables. Furthermore, this methodology can be used 
for both types of multiple response problems. The combined method is analyzed like a single response problem. 
The constrained _method requires the additional step of superimposing the contour plots of each of the responses to 
find the optimal values of the variables. The number of variables that can be accommodated by the method in the 
combined methodology is limitless; however, no more than three variables can easily be analyzed in the constrained 
case. One advantage to this methodology is that it allows the decision ·maker to view multiple peaks and determine 
the trade-offs that reflect their needs. 

Robust Parameter Design 

Robust Parameter Design (RPD) is a method introduced by Taguchi in the 1980s to design a process by selecting the 
proper levels of controllable factors such that the system is robust or insensitive to changes in levels of the noise 
factors. Taguchi's methodology to the RPD problem involved two orthogonal arrays: an inner array for the control 
variables and an outer array for the noise variables. Taguchi developed a performance criterion called signal-to
noise ratio that provides information about the mean and variance dependent on the goal. For response surface, 
Taguchi had three goals: the smaller the better, the larger the better, and target is best (Myers, Vining, Giovannitti
Jensen and Myers 1992) 

Myers, Khuri, and Vining (1992) indicated in a review of response surface alternatives to robust parameter design 
that, "Taguchi's most significant contribution is that he formalized a notion ... that product variability must be a 
performance response." They also provided five criticisms .of robust parameter design: "(I) inefficiency of the 
signal-to-noise ratio, (2) lack of flexibility in modeling design variables, (3) lack of economy in experimental design 
plan, (4) preoccupation with optimization, and (5) no formal allowance for sequential experimentation." 

Dual Response 

Myers and Carter first introduced the theory of dual response systems in 1973. Dual response is a method by which 
a set of optimal parameter settings are found by optimizing a primary response subject to the constraint of a 
secondary response. A secondary constraint may be applied to keep the solution within a region of interest. There 
is no limit to the number of independent variables; however, the method is limited to only quadratic response 
functions. Lagrangian multipliers are used to find the optimum values of the parameters (Myers and Carter 1973). 

Vining and Myers (1990) utilized the dual response methodology developed by Myers and Carter 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 secondary response. For the 
other two goals, the mean is the primary response while the variance is the secondary response. In this case, several 
possible targets for the variance may be considered and then a compromise solution is selected. This technique 
addresses four of the five criticisms discussed above under Robust Parameter Design. 

Box -and Jones ( 1992) addressed the dual response problem by minimizing the weighted sum of the mean response, 
as a function of the target mean, and variance response. 

Nonlinear Programming - Dual Response 

Del Castillo and Montgom'ery (1993) developed a nonlinear programming approach to solve the same Taguchi goals 
that Vining and Myers addressed using dual response methods as well as having the flexibility to solve other typ·es 
of problems including mixture experiments. Given that the fitted responses are usually quadratic functions, the 
response surface problems are nonlinear. Del Castillo and Montgomery suggested using the generalized reduced 
gradient (GRG) algorithm to solve the problems. GRG was recommended because it fs "one-oftbe most robust" 

· nonlinear methods, is known to work well in practice, and the termination· point is feasible. 
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As an extension of this work and to address the problem of sampling error, Del Castillo (1996) presented the idea of 
finding confidence regions for quadratic responses or confidence cone~ 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 responses, Box and Draper's methodology of finding confidence cones is 
utilized. Then a primary response is optimized subject to the confidence regions and confidence cones found in the 
previous step. The primary function can be optimized at various alpha levels to develop a sensitivity table. In cases 
where there are conflicting linear responses, a combined weighted function is developed for the primary responses 
that take into account the best directions for each response. 

Further, Miro Quesada and Del Castillo (2004a; 2004b) 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 estimates. 

Target Variance Methods <Process-Bias Methods) 

Lin and Tu (1995) expanded on the dual response work of Vining and Myers by minimizing a mean square error 
(MSE) criterion. Although this criterion allows for some bias, it provides a trade-off of some disparity from the 
target with a smaller variance. Unlike the previous method, the MSE method does not restrict models to be 
polynomials nor the constraints to be equality constraints. Copeland and Nelson (1996) proposed a variation to the 
MSE criterion, a direct function minimization, that places a restriction as to how far the mean can deviate from the 
target and recommended using the inore familiar simplex procedure. Myers, Brenneman, and Myers (2005) 
minimized a MSE criterion for a generalized linear model ·where a quality measure is a nonnormal response. Shin 
and Cho (2005) addressed the "target-is-best" goal by developing a bias.;specified robust design (BSPD) model that, 

. similar to Lin and Tu, allows for some process bias. Specifically, the model uses a nonlinear programming, £

constrained method that allows the decision maker to specify an upper bound on the amount that the mean can vary 
from the target and provides for trade-off analysis by generating a nondominated partial tradeoff rate. 

Desirability Functions 

The desirability function was first introduced by Harrington in 1965. The decision maker or user specifies the 
minimum, maximum, and/or preferred values acceptable for each of the original fitted response functions as well as 
the weights that determine the rate at which the desirability of a function increases or decreases over the range of 
acceptable values. This method transforms each of the fitte·d functions into a desirability value and. then the 
desirability values for each response are combined using the geometric mean into a single objective to be optimized. 
Derringer and Suich (1980) utilized a more generalized method to achieve the individual desirability values than 
Harrington to allow greater flexibility in the creation of the desirability values. 

However, this method creates non:differentiable points that do not allow the problem to be optimized using more 
efficient nonlinear programming techniques. Del Castillo, Montgomery and Mccarville ( 1996) overcame this by 
using a local polynomial approximation at each of the non-differentiable points and modified the desirability value 
functions accordingly. They suggested optimizing the revised desirability function using the generalized reduced 
gradient algorithm as they did with the dual response problem above. Although the formulation of the desirability 
values differ in the two approaches, both allow the decision maker to provide.input into the relative importance of 
the different responses. · 

Similarly to the desirability index, Plante (200 I) proposed using the geometric mean of the individual process 
capability measures (Cpk or Cpm) as a criterion. 

Generalized•Dis!ance Measure , 

Khuri and Conlon ( 1981) develope.d a method to simultaneously optimize multiple responses. The method calls for 
the elimination of dependencies among the responses and then uses least squares to fit the models. Each response is 
individually optimized and if all responses produce the same set of solutions then the problem is solved. Otherwise, 
a distance measure is developed that takes into account the optimal values of each ofthe·responses found in the 
previous step as well as their variability and optimized to minimize the di.stance. 
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Loss Functions 
The purpose behind loss functions is to capture the economic loss due to deviations of one or more quality 
characteristics from target where minimizing the loss function will simultaneously optimize the mean and variances. 
Pignatiello, Ames et al., and Vining all proposed approaches that utilize quadratic loss functions where Pignatiello 
and Vining incorporated the correlation structure while Ames et al. did not (Pignatiello 1993; Ames, Mattucci, 
MacDonald, Szonyi and Hawkins 1997; Vining 1998). Vining's (1998) work expanded on that of Pignatiello and 
included not only the correlation structure but also the quality of the predictions. Khuri and Conlon's approach was 
found to be a special case of this mean squared error loss function approach. Romano, Varetto, and Vicario (2004) 
expanded on Vining's work by adding an additional term that takes into consideration producer loss which is the 
cost to fix the standard deviation of the noise factor. Kuhnt and Erdbrugge (2004) proposed the use of a sequence of 
possible weights a_ssigned to each response rather than defip.ing a cost matrix. Joint optimization plots are then used 
to visualize the optimal design settings for a sequence of weights. 

Minimal Satisfaction 
Kiin and Lin (2004) proposed an altemati_ve to the generalized distance measure for simultaneously optimizing a set 
of responses including both the location and dispersion for all responses. The degree of satisfaction with any 
response decreases the further away the solution is from the target or the larger the standard deviation becomes. 
This approach is a maximin approach where the objective is to maximize the overall minimal degree of satisfaction 
with respect to all of the responses. Four variations of the approach were also discussed: 1) the responses are 
alternatives and the maximum satisfied response is selected, 2) consideration of predictive capability where the 
responses are weighted by the goodness of fit of the models, 3) assigning different weights to the responses, and 4) 
maximize the sum of the degrees of satisfaction. 

·Goal Programming 
Rees, Clayton, and Taylor (1985) expanded on the framework established by Biles and Swain in the late 70s of 

. combining 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. 

Tang and Xu (2002) utilized a goal programming approach to simultaneously optimize the mean and standard 
deviation of a response, similar to the approach by Khuri and Conlon ( 1981 ); however the approach by Tang and Xu 
is more flexible including decision maker preferences. This method requires the decision maker to provide a target 
for the mean and standard deviation as well as weights to indicate the importance of each response. A combined 
objective is developed that minimizes the weighted under or over-achievement of the targets subject to the 
constraints. Weights and targets can be defined that enable earlier methods to be special cases of this goal 
programming approach (Vining and Myers 1990; Del Castillo and Montgomery 1993; Lin and Tu 1995; Copeland 
and Nelson 1996; Ames et al. 1997). Xu, Lin, Tang, and Xie (2004) discussed the use of this methodology in a 
more .general sense for multiple responses using a minimax objective where the approach is to minimize the 
maximum weighted deviation from target. 

Pareto Front Methods 

Pareto Front methods are those which aim to find multiple alternatives rather than one optimal solution. Koksoy and 
Dogartaksoy (2003) utilized a standard nonlinear multiobjective program (NIMBUS) to solve the "smaller-the
better" and the "larger-the-better'' Taguchi goals by simultaneously optimizing the mean and variance. This method 
provides many Pareto optimal solutions rather than the one solution that would be garnered using a combined 
weighted approach. Tang ~d Xu (2002) also provided for altem~tive Pareto solutio~s if the user varies the weights. 

Tsui, Goh, Xie, and Loy (2001) introduced the idea of finding non-dominated fronts for each response individually 
and then looking at the intersection of those fronts to find optimal solutions or to find a compromise solution by 
looking at the solutions identified in the non-dominated fronts. · 
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Liao (2004) used neural networks to find the signal to noise ratios of for all combinations of factors and levels, also 
called decision making units (DMUs), including estimating incomplet~ data. Data envelopment analysis (DEA) is 
then used t~ find the optimal combination of factors/levels by ranking the DMUs by their relative efficiencies. DEA 
uses the ratio of inputs to outputs to create an efficient frontier that identifies the efficient and inefficient 
alternatives. Thus, a non-dominated solution is guaranteed (Mollaghasemi and Pet-Edwards 1997). 

Weighted Multi-Response Optimization Methodology 

Osborne, Armacost, and Malone ( 1996) described a partial set of necessary conditions for combined multiple 
response methods. Osborne (1997) identified an expanded set of necessary conditions for optimizing a combined 
methodology which include: generation of non-dominated solutions, convexity requirement, mutual preferential 
independence, identification of a preference structure, satisfaction of monotonicity of preference, use of value 
functions, requirement of similar magnitudes of the response objectives, and elicitation of decision-maker specified 
weights. Using those conditions, she developed a new approach defined as a linear additive value function that can 
be maximized using nonlinear programming techniques and ensures a non-dominated solution under appropriate 
conditions. Gheware (2003) modified the value function limit calculation requiring the value function to be 
nonnegative. 

Randomly Valued-Independent Variable Method 

Dvorak (2000) proposed a methodology that considers the probability distribution of an independent noise variable. 
The method replaces the independent variable in the response surface model with the expected value of the 
probability distribution of that independent variable. Thus, the objective is to optimize the response to the mean of 
the randomly valued independent variable. 

Genetic Algorithms 
Khoo and Chen (200 I) developed a model that combines response surface methodology with a genetic algorithm to 
optimize the responses. Genetic algorithms have been around since the 1960s and are based on the idea of survival 
of the fittest. Each chromosome has a set of possible parameter values and the algorithm begins with a randomly 
generated set of chromosomes that are then evaluated against the objective function. The user provides the 
minimum and maximum values for each of the variables along with the genetic algorithm inputs of population size, 
probabilities of crossovers and mutations, and the number of iterations. The user can also specify weights to 
indicate the relative importance of the responses as well as to normalize the variables. Penalties are used to keep the 
response as close to the targets as possible. Thus the objective function simultaneously optimizes all responses by 
minimizing the sum of the weighted minimums minus the sum of the .weighted maximums plus the sum of the 
weighted penalties. 

An application of the combined RSM and genetic algorithm approach was used to find the optimal parameter values 
for the minimum and maximum values generated by the algorithm for a single objective function (Suresh, 
Venkateswara Rao and Deshmukh 2002). ' 

Special Cases 

Optimization methods for two special cases are discussed below; stochastic problems and multidisciplinary design 
optimization problems. Six methods were described for solving the multiple response stochastic problem under the 
basic premise that the stochastic problem is transformed into a deterministic problem that can be solved by familiar 
optimization techniques. Many of these methods align with response surface methods already in use for 
deterministic problems (Diaz-Garcia, Ramos-Quiroga and Cabrera-Vicencio 2005). 

Multidisciplinary-design optimization (MDO) "is a systematic methodology that synergistically exploits the 
interaction among disparate disciplines ( also known as subsystems) to ·improve performance, low cost, and shorten 
product design cycle" (Jianjiang, Renbin and Yifang 2004). Some of the issues concerning current MOO methods 
include the accumulation of uncertainties, the inability to use discrete design variables at the system level, 
difficulties with convergence, and being computationally expensive (Jianjiang, Renbin and Yifang 2004). In order 
to address these issues, researchers· were integrating response surface methods into their MDO methods. 
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Summary of Optimization Methodologies 

.Figure I provides a diagram that illustrates the evolutfon of the multiple response surface methods discussed in this 
section. 

AREASOFFUTURERESEAR~H 
Several areas of future research have been identified in the course. of reviewing the literature. One area of future 
research identified is the impact of uncertainty on results including a) how sensitive are the results to small changes 
in the input parameters (Kim and Lin 2004), b) impact of errors in the estimation of the covariance matrix (Miro
Quesada and Del Castillo 2004b ), c) problems with multiple correlated properties and incorporating estimation 
uncertamty (Koksoy and Doganaksoy 2003), d) multiple performance measure problems with correlated errors 
(Plante 2001), and e) additional work on robustness (Myers et al. 2004): 

A second area is the determination of cost coefficients including a) how to select cost coefficients (Romano, Varetto 
and Vicario 2004) and b) to investigate other ways to account for cost tradeoffs (Plante 2001). 

A third area identified is extensions of current methods including a) extension of fuzziness to the neural network and 
data envelopment analysis approach (Liao 2004), b) extend Aggi:egation Based Method to more than two objectives 
(Jin, Okabe and Sendhoff2001), c) extend Peterson's approach to include noise variables and residual error 
distributions with heavier tails (Peterson 2004), d) computational improvements in algorithms used for parameter 
estimation and minimizing loss function and the replacement of loss function with other criteria (Kuhnt and 
Erdbrugge 2004), and e) new mutation schemes for multiple response problems (Khoo and Chen 2001). 

A fourth area involyes research in weighting and trade-offs including a) consider how error and biases impact value 
function analyses (Anderson and Hobbs 2002), b) more investigation of weighting methods (Anderson and Hobbs 
2002), and c) optimization of multiple means and standard deviations, interpretability of results, and assessing 
weights (Osborne 1997). 

The need for new methodologies was also identified including a) development of user-friendly nonlinear 
multiobjective programming methods and visual illustrations (Miettinen 2001 ), b) cases where responses are 
categorical (Kuhnt and Erdbrugge 2004), c) methods that can handle non-continuous variables (Yang, Kuo and 
Chou 2005), d) methods for nonnormal and GLM models, semiparametric and nonparametric RSM (Myers 1999), e) 
efficient designs for larger problems (Myers et al. 2004), t) methods for complex response objectives (Osborne 
1997), and g) methodologies when monotonicity of preference and mutual preferential independence do not hold 
(Osborne 1997). 
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A final area of future research identified is the neeq for further theoretical developme1:1t in the following areas: a) 
constrained methods conditions and assumptions including whether nondominated solutions are obtained (Osborne 
i 997), b) what types of problems should be solved with what methods (Osborne 1997), and c) identifying region of 
interest and what happens when regions for different responses are remote (Osborne 1997). 

CONCLUSION 
This paper has reviewed the recent and seminal optimization strate,gies that exist for multiple response surface 
problems. The literature review identified a wide range of areas of future research in MRSM . .,The majority of 
current multiple response surface methods utilize combined methodologies. The current constrained methods 
include the dual response method developed by Myers and Carter in 1973 and the evolution of additional dual 
response algorithms and target variance methods, and the goal programming satisficing algorithm developed by 
Rees, Carter, and Taylor in 1985. Opportunities exist to review constrained methods found in the larger area of 
multi-criteria decision-making and determine applicability to response surface problems. 

Only recently in the response surface literature have there been methods discussed for generating alternative optima 
for constrained methods from which a decision maker then looks at the trade-offs, for example between the mean 
and standard deviation of a response, and chooses an alternative. Some methods generate the alternatives by 
changing the values of the constraints (Koksoy and Doganaksoy 2003; Shin and Cho 2005) while others change the 
allowable over or under achievement to target (Jin~ Okabe and Sendhoff2001; Tang and Xu 2002; Kuhnt and 
Erdbrugge 2004; Xu et al. 2004). However, the discussion has not addressed methods to determine an appropriate 
subset of alternative optima for the decision maker to choose from to minimize the demand on the decision maker. 
Furthermore, the impact of changing out the primary response in multiple response methods has not been addressed. 

Opportunities exist to contribute to the body of knowledge of constrained methods for multiple response surface 
optimization and improving the method and understanding of decision-maker trade-offs. The authors are pursuing 
further development of constrained multiple response surface optimization methodologies and the impact of trade
offs on the results. Osborne ( 1997) investigated the conditions and assumptions associated with combined MRSM 
methods and identified the need for parallel investigation into constrained methodologies. The authors are involved 
in exploration of conditions and assumptions associated with constrained multiple response surface optimization 
methodologies, development of a new constrained multiple response surface methodology including determination 
of relevant performance measures, and 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's preferences. 
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AN INTELLIGENT EXPERT SYSTEM FOR THOSE ENTERING THE COMPUTER INDUSTRY 

Robert L. Mullen 
Southern <;:onnecticut State University 

INTRODUCTION 
Since the early 1980s expert systems have been developed for the purpose of passing expertise from those with the 
knowledge to th_ose 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 nonnally 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 entering the highly competitive 
computer industry either in the hardware arena or in the software arena. It provides an opportunity for linking several 
independently developed expert systems from the computer industry 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 BACKG.ROUND 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 form 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 I outlines the components of an expert system. 

In support of this course, which was my most challenging to teach, I develope_d 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 ijbout 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 applic~tion of intelligence to expert system technology. 
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Figure 3 denotes the changes required from the tradition single expert system development components to a 
development that would adci front-end intelligence and.the ability to combine a group of experts into a single system. 
This would extend the value of this technology from providing information from a single expert to a knowledge
based system providing appropriate advice from an ever-grow~g number of experts. 

FIGURE 1 
COMPONENTS OF AN EXPERT SYSTEM 
Dialog Screen - Determine Nature of Problem 

Knowledge Base-A collection of"lf ... 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 Resou.rce Management Association 

FIGURE3 
COMPONENTS OF AN INTELLIGENT-BASED EXPERT SYSTEM 

Dialog 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 

CONCLUSION 
This paper describes the conceptual development of an intelligent-based expert system applied to capture 

the knowledge of a several well-known experts in the computer industry. 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. 

FIGURE4 
LIST OF INDIVIDUAL EXPERT SYSTEMS INCORPORATED IN THIS SYSTEM 

Jeff Bezos, CEO Amazon.com 
Michael Dell< CEO Dell Computers 

Lawrence Ellison, CEO Oracle 
Carly Fiorina, CEO Hewlett Packard 

Bill Gates, CEP Microsoft 
Lou Gerstner, CEO IBM 

Steven Jobs, CEO Apple Compters 
Scott McNeally, CEO SUN Microsystems 

John Rockart, Director Center for Information Systems Research - MIT 
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AN INTELLIGENT EXPERT SYSTEM FOR MBA STUDENTS ON MANAGEMENT PRINCIPLES 

Robert L. Mullen 
Southern Connecticut State University 

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 w_ith the focus· on downsizing and need to cut costs iri 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 MBA students who need to learn basic management principles 
from many managerial experts. It provides an opportunity 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 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 form 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 I 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 moq~l 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 
organizations wh~re 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. Thjs 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. 
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Figure J denotes the changes required ·from the tradition s~gle· 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 the 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 
COMPONENTS OF AN 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 AN INTELLIGENT-BASED EXPERT SYSTEM 

Dialog 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 

CONCLUSION 
This paper describes the conceptual development of an intelligent-based expert system applied to capture the 
knowledge of a several well-known experts in the field of management. A list of experts included is provided 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. If fully developed, this system could be used in my graduate 
course in information Technology for Managers as to how MBA students in the future could learn basic management 
principles from a knowledge-based system with an ever-growing number of experts in the management field. 

FIGURE4 
LIST OF INDIVIDUAL EXPERT SYSTEMS IN CORPORA TED IN THIS 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 
Alan Greenspan, former Chairman 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 
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VIEWTIME CUSTOMIZATION FOR PROTECTED HYPERDISTRIBUTED CONTENT 

Matthew Bennett and Dia Ali 
University of Southern Mississippi 

ABSTRACT 
Recent trends in the availability of digital media management technologies show that consumers are becoming more 
resistant to advertising. Personal Video Recorder devices like TiVO and P2P hyper-distribution environments like 
bit-Torrent allow one to completely bypass commercials. Unfortunately, traditional television programs are funded 
primarily by advertising dollars. As new models such as On-demand viewing and hyper-distribution of content 
become more prevalent, it is important to have a way for traditional entertainment to merge with new technologies. 
We investigate one possible method of embedding advertising on the fly dynamically in Hyperdistributed video 
content. 

INTRODUCTION 
Popular video content has become free. In 2000, the peer-to-peer client Bit Torrent was released by Bram Cohen, 
unleashing a new model of how content is distributed over peer-to-peer networks. Before Bit Torrent, peer-to-peer 
distribution relied on a centralized means of distribution. Many of these first-generation p2p file sharing clients were 
not truly peer-to-peer in terms of distributing resources, only in terms of locating resources. They rely upon some 
mechanism, generally centralized, to locate a resource over a group of servers. These pre-torrent P2P file-sharing 
systems used traditional client-server data transfer once the desired resource was located. Contention was still a 
problem with these systems, because many users were directed to a single source for · a popular file, cutting 
bandwidth. 

Bit torrent works differently [2]. For a file to be distributed over the bit torrent protocol, it is first broken up into a 
series of small chunks, generally a few kilobytes in size. A small file called the torrent contains the file system 
information for the file or group of files to be shared (such as filenames and folder structure). It also contains a list 
of ''trackers" for the same files. This is enough information for the files to be disseminated to anyone who has the 
.torrent file and the bit torrent client. 

At intervals based upon need, the bit torrent client checks with the trackers listed in the torrent . file. The tracker 
returns a list of peer clients who are currently downloading the same file, and which pieces of that file that each peer 
has finished downloading. The client then does some simple analysis on the list of available chunks to· determine 
which are the most desirable, and requests those pieces from peers. At any given instant, a bit torrent client is both 
downloading and uploading parts, 9f the shared content among peers. The distribution mechanism is well suited for 
popular applications involving large files, and Cohen postulates an increase in transfer ability which is three orders 
of magnitude greater than traditional client-server file transfer in this domain [2]. 

SYNDICATED NEWS CONTENT MEETS P2P DISTRIBUTION 
Bit Torrent clients have become very robust. Azureus [3], one of the most popular clients, supports among its 
features the ability to retrieve torrent information from Really Simple Syndication (RSS) feeds. Originally designed 
for disseminating and aggregating news short news articles into one convenient location,. RSS makes it very 
convenient to automatically receive updates on the availability of any television series. Azureus even allows you to 
start downloading the torrents associated with a feed as soon as they become available [3]. This marriage of 
distribution technologies, known as "broadcatching," .[7] . has striking similarities to the traditional broadcasting 
paradigm. Broadcatching involves "subscribing".the bit Torrent client to a news syndication feed for a particular line 
of content (such as a TV series), or a line of meta-content (such as a list of feeds for science documentaries produced 
by the BBC). Whenever someone provides a new piece of content, tp~ RSS feeds related to that content get updated 
with the location of a torrent file for the content as well as meta-information, such as the resolution, the episode 
number, and the name. The torrent client can then sort through all this . information to determine which torrent files 
to pull, where to get them, and when. The .content then remains on the user's hard drive until it is viewed by the user. 
The similarities between this approach and recording broadcast television through a VCR or PVR are striking. 
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CHANGING DISTRIBUTION MODELS FOR VIDEO 
In a lecture given May 611\ 2005 at the Australian Film Television and Radio School, Mark Pesce [I] coined the tenn 
"hyper-distribution" to describe · bit torrent like protocols for information distribution, which we adopt for 
convenience. His theory is that traditional television broadcasting 4s -facing serious opposition from the threat of 
hyperdistribution, because of the nature and growing popularity of the un~erlying mechanism. He proposes a new 
business model in which advertisers pay production studios directly or through an advertising agency in exchange 
for allowing small non-obtrusive advertisements called "video bugs" or digital on-Screen graphic (DOG) [8] into 
their Hyperdistributed content. These items are very similar to the semi-transparent logos which identify television 
channels. For a full understanding of Pesce's revolutionary idea, a video copy of the lecture is available via bit 
torrent at [I]. 

The idea behind small, non-obtrusive advertising in the form that Pesce calls a "video bug" and we ·shall henceforth 
call an overlay customization is the motivation behind this article. The key contribution we bring to the discussion is 
one possible method of adding customized content dynamically, updating each tiine a file is viewed. For a given 
Hyperdistributed video, custom modification of the video at view time should be possible without any modification 
to the video file itself. The custom content should be available separately from the base video. 

There are many reasons that this is a desirable model. First of all, video files tend to be very big, and hence suitable 
for hyperdistribution. On the other hand, the customization information will often be very small in comparison, and 
suitable for (properly scaled) traditional distribution methods. Pesce [I] suggests that in the context of advertising, 
the videos themselves should have universal appeal, but advertising content should be audience targeted (implying 
customization). Finally, customization adds flexibility to the proposed business model [I], as sponsors change over 
time but the syndicated video content itself does not. Dynamic customization at view time assures that the 
customization shown is the latest available metadata for any given video content. 

It should be noted that overlay advertisements are the motivational factor, they not the only application of such 
customization. Since customization assumes an internet connection, any customization may include meta
information which allows for user interaction through internet protocols such as the web. Other uses can be· drawn 
from trade papers in Interactive Television such as Jensen [4], including interactive program information, click
through purchase options, peer reviews and commentary, consumer data collection, background plot information, 
game-show feedback, incentive programs ("click the flashing doodad for a chance to win"), and even possibly 
interruption of the video for very short traditional commercials. 

1 

CUSTOMIZATION USING PUBLIC KEY ENCRYPTION AND LAYERING 
In order for video content to be distributed freely across peer-to-peer networks without the desired customizations, 
some mechanism must be in place for protecting the un-customized video content. We propose a fairly 
straightforward mechanism that requires encryption of the pre-customized video, which is peer distributed freely 
over bit torrent or a similar distribution channel. Our proposed solution requires a custom player or codec with the 
ability to decrypt the pre-customization base video as well as insure that all necessary customization content is 
properly combined with the base content. 

Defintions: 
User is tbe machine on which the video file will be customized and viewed. 
Agency is the provider of the custom content and the initial seeder for the base content. 
Vidkey-secret key used to protect and encrypt the base content prior to customization, after distribution. 
Raw _video -base content prior to encryption with vidkey. 
Base_ content-base content after encryption with vidkey. 
Custom_ content - the content which should be added to the video 
Encrypt, Sign, Decrypt, and Verify are the familiar public key cryptography operations. 

A preliminary and naive implementation of the video playback might looks like: Overlay(Decrypt(base _ vid, via 
vidkey), custom_content). This method exposes a number of vulnerabilities. If the encryption scheme is known and 
the vidkey is known, then there is no way to prevent any third-party viewer from decrypting the base video. The 
custom content may also be manipulated, as well under this scheme. Furthermore, this scheme is vulnerable to a 
masquerading third malicious party pretending to be the agency, and providing fake custom ·con'tent, so some 
protection against that attack must be incorporated. · 
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A VOIDING MAN-IN-THE-MIDDLE ATTACKS AND PREVENTING OPEN REDISTRIBUTION 
A well known security pattern known as the two-way challenge with public key encryption, proposed by Diffie [6] 
is used to assure that the custom content provided is safe, as well as protect the base video secret key from would be 
eavesdroppers both inspecting memory on the local computer as well as intercepting network datagrams. In this 
scenario, the agency providing the custom content owns a PKI key pair, and each client (codec or player) owns a 
PKI key pair as well. The public key for the agency can be provided with the software, but more likely should be 
kept in a signed-key public verification repository. 

The final algorithm for encoding with two-way challenge authentication is as follows: 

Build and distribute the encrypted base: 
Vidkey = generateSecretKey(raw _ video, time) 
For each frame in raw_ video 

Base_ content[ frame] = Encrypt( raw_ video[ frame], via vidkey ) 

Upon receiving a request for updated custom content: 
Get user _public_ key 
Pre-key= Sign (Encrypt (vidkey, via user_public_key), via agency_private_key) 
Sign ( custom_ content, via agency _private_ key ) 
Send custom_ content, pre-key 

The final algorithm for playback with two-way challenge authentication is 

Upon playing the base content: 
Find Agency (based upon the base content) 
Get agency _public _key from a third party 
If it custom content is out of date then 

Send user _public_ key 
Get custom_ content, pre-key 
Vidkey = Verify ( Decrypt (pre-key, via User_public_key), via Agency_public_Key) 
If verification fails, reload cached custom_ content and vid-key 

For each frame in base_content · · 
Display Overlay( custom_content[frame], Decrypt (base_content[frame], via vidkey)) 

The algorithm can easily be extended to change the vidkey on a frame-by-frame or time-region basis via a shared 
secret key-ring between the agency and user, preferably one which can be generated from the User's public key and 
a timestamp. This process may be too lengthy (in seconds) for waiting before eacb viewing of the video, but that is 
not a problem in some cases. If each video is distributed along with an initial "default"custom content and keyset, it 
may be used until the next custom content and key pair are retrieved. If the custom content is not time-sensitive then 
this scheme works well. In this scenario, new custom content for the next viewing is saved at the start of each 
viewing, and may also be applied whenever the video is interrupted by pausing, fast-forwarding, or rewinding. 

CONCLUSION 
Hyperdistribution methods are here to stay. This distribution model _ puts views in control of distribution, and so 
threatens the traditional broadcast model of video content. The method we have proposed provides one rudimentary 
way in which producers may choose to adopt the new technology while maintaining creative control of their content 
and legal control of advertising revenue, as well as provide added-value content over time. 

FUTURE WORK , 
If the only type of customiz.ation desired is overlay customiz.ation, it ' may be possible to combine unlocking of the 
base content with watermarking; perhaps using some image processing transformation. Watermarking on the fly is 
one choice, but what prevents replacing the customiz.ation watermark with a blank one? The pre-customized video 
must still be protected. In this case., the video should be "scrambled" (but not necessarily encrypted) frame-by-frame 
with some generic key using an image processing algorithm. The key's complement is paired with the watermark in 
some way that they are sufficiently inseparable, and this is sent to the player., 
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The inverse of the image processing algorithm is applied to the video frame at view time. · It should produce the 
unscrambled frame along with an imbedded ad, in a single image processing step. The fact that the custom content is 
imbedded into the displayed frame--not layered on top--demonstrates added security. Furthermore, this protocol 
suggests less overhead and greater elegance due to a simpler and more integrated unscrambling process. Future work 
will investigate some possible methods of employing image processing algorithms that may accomplish this. 
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EXAMINING CONTRAFLOW IN EVACUATING A MAJOR CITY 

Jean Gourd, Julie Stone, Matthew Bennett, Dia Ali 
University of Southern Mississippi 

ABSTRACT 
Of most importance with respect to a catastrophic event such as Hurricane Katrina is the preservation of human life. 
The only guaranteed means to prevent loss of life as a direct result of a hurricane's specific characteristics ( wind, 
water, etc) is to be absent from its path. 

In this paper, we propose a generic contraflow model which can be implemented on any common highway. We 
focus on the interchanges, as the contraflow model is primarily concerned with contention at these locations. We 
utilize a commercial traffic simulator to analyze current contraflow plans, in addition to our own, which serves to 
determine their effectiveness. 

INTRODUCTION 
Evacuation is one of the preferred methods available to emergency officials in times of catastrophe. Due to its 
importance with respect to removing people from the path of an ensuing disaster, thorough pre-planning is critical to 
its success. Contraflow is a method that is widely utilized as a means to more effectively evacuate people from a 
major city in the event of a projected catastrophic event. Unfortunately> it is not commonly well planned, 
coordinated, or executed. Major infrastructure (highways, etc) along our nation's coasts generally run parallel to the 
coastline rather than away from it Attempting to evacuate in tin1es of emergency often triggers bottlenecks along the 
very few major roads and highways that lead away from the endangered area. At times, this leads to the insufficient 
evacuation of a city's residents, leaving individuals stranded in cars on the evacuation routes or compelling them to 
seriously consider the option of turning back, thus placing them in harm's way . . 

Contraflow (or counter-flow) is the practice of reversing several (or all) inbound lanes of traffic to the outbound 
direction, providing evacuees with more lanes with which to exit the city. Often, city and emergency planners must 
consider essential inbound traffic such as emergency, supply, and utility vehicles. This typically requires that one or 
several inbound traffic lanes remain open. Planning for this combination requires strategy and coordination among 
multiple branches of law enforcement and all levels of state and local government. In theory, c(mtraflow is a good 
idea. In practice, however, its implementation is often flawed. For example, during Hurricane Rita in .i005, the city 
of Houston recommended an evacuation. Over 2 million residents took the recommendation seriously and opted to 
travel north to Dallas. Although contraflow was used on 1-45, the only major highway from Houston to Dallas, it 
was not implemented early enough, resulting in severe traffic bottlenecks. Some evacuees reported traveling_nine 
miles in over ten hours. A usual four hour trip took, at times, over twenty hours. Once implemented, the benefits of 
contraflow did not surface for quite some time due to its untimely execution. Developing an effective contraflow 
model and executing it in a tiqiely manner reduces the intensity of traffic bottlenecks, thus optimizing the evacuation 
process. The bottom line is to ensure that all willing residents of a major city can evacuate safely in the wake of a 
hurricane or other potential catastrophic event. 

We have divided our paper .into five sections. Section 2 of our paper primarily describes the problems faced during 
the course of evacuating a major city. We refer to historical events, some far .too recent, in order to illustrate the 
seriousness and relevance of these problems. In section 3, we ·provide an overview of the history and research in 
this area, primarily focusing on catastrophic events in North America-and concentrating on hurricanes that have 
affected the gulf coast. Section 4 describes our contraflow .model, essentially our solution to the problems. 
Specifically, we propose a generic contraflow m9del which can be implemented on any common highway. We 
close the paper with proposed future work and additional research in section 5. 

PROBLEM DESCRIPTION AND ,RELEVANCE 
The last several years have proven to be fairly intense with respect to hurricanes along the gulf coast. It is common 
knowledge that weather patterns are cyclic in nature, and _that there are periods of intense tropical weather activity. 
Weather patterns of late seem to hint at more of the same in the near future. 

Although many cities throughout the United States have evacuation plans·, of which contraflow is a part, it is evident 
that problems continuously exist when such plans are implemented. As a rule, evacuations produce severe 
bottlenecks. The closer to· a hurricane's arrival, the more evacuees are clogging evacuation routes and highways. 
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Interchanges along the highways become congested, preventing evacuees from entering or exiting the highway. 

The problem of evacuation is one of significance. It affects a large amount of people (2 million in Houston in 2005, 
for example) from all walks of life. Although evacuations are not implemented often, oflate the pattern seems to be 
shifting. While the capability of implementing a contraflow plan currently exists and is integrated into emergency 
systems in many cities throughout the country, the science is not perfect. For example, Miami and much of South 
Florida currently have extensive plans for evacuation, of which contraflow is an integral part. A frequent problem is 
the implementation of contraflow during an evacuation situation. The importance for the efficient implementation 
of a contraflow plan requires proper timing rather than multiple trial and error evacuations (i.e. all New Orleans 
evacuations since 1998). · 

Unfortunately, the devastation that Hurricane Katrina has created on the Louisiana and Mississippi coasts is fresh in 
our minds. ·The detailed contraflow plan of New Orleans is considered as a relevant test case. Houston's contraflow 
plan will serve as a second test case, due to its obviously flawed execution during- recent evacuations as a result of 
Hurricane Rita. -

New Orleans 
Upon activation of the contraflow protocols for the metropolitan New Orleans area, the traffic flow follows a 
general northward movement. There are only three contraflow interchange points outside the immediate area of 
New Orleans with three more supporting contraflow interchange points on the north side of Lake Pontchartrain in 
Hammond, Covington, and Slidell [9]. The other intersections inside the city of New Orleans would flow normally 
until ~e interchange points according to this plan. 

It appears that the basic premise of this plan is to allow residents inside the city ofNe_w Orleans to choose their 
general direction of departure, and once outside of the city and on major highways, the contraflow plan would help 
ease the congestion. With this type of plan, the city's roads will be able to handle the congestion, as the major inner
city roadways already allow for heavy traffic during peak morning and evening driving times. Understandably, 
most inner-city roads can not typically handle the large amounts of traffic as observed during evacuations. The 
citizens of New Orleans may be forced to choose which direction would be most suitable for their individual 
situation while in the city. 

It may be beneficial to discover locations where contraflow could be implemented at points closer to the city. This 
would reduce traffic congestion within the city. For example, a contraflow plan using all lanes of the 1-10 Twin 
Span between Slidell, LA and New Orleans, LA for unidirectional traffic and rerouting inbound traffic onto Hwy. 
11 would allow more citizens to exit the city of New Orleans. Under normal circumstances, the bridge has four 
lanes of traffic with two lanes for each direction. Each span has an evacuation lane on the outermost side, which 
under normal circumstances serves as an emergency shoulder. Opening these up as well will allow more traffic 
volume to leave New Orleans, especially if the contraflow barricades are opened up closer to the heart of the city. 

During hurricane Katrina, it was apparent that the execution of the contraflow plan did not follow the guidelines that 
were initially set up for this plan (M.· Keys, personal interview, November 11, 2005). According to the New 
Orleans contraflow map, the plan should have been enacted 36 hours prior to landfall of a major hurricane to allow 
the re_sidents time to seek shelter outside the metropolitan area [9]. Instead, it was executed less than 24 hours 
before landfall. 

Another major problem which arose during this evacuation was the amount of motorists which were running out of 
fuel during the evacuation process (M. Keys, personal interview, November 11, 2005). This caused gridlock as 
lanes were blocked by stranded vehicles. Moreover, the highway shoulders carried tow trucks and auto service 
vehicles which removed the automobiles from the road or delivered precious-and expensive-gasoline. A possible 
solution to this is to create ei;nergency fuel depots alongside the road to give motorists enough fuel to make it further 
to the next exit, clearing up the roads and allowmg more citizens tbe opportunity to evacuate. These depots could be 
established at existing rest stops that populate the side of the interstate. 

Houston 
The evacuation plan for the Houston area falls short when more people.than anticipated decide to evacuate. Shadow 
evacuees (those citizens that choose to evacuate voluntarily even if their current residence serves ~s suitable shelter) 
were the main cause of traffic congestions on the evacuation routes. Under normal circumstances, the current 
infrastructure with no alterations or contraflow is sufficient, but with the images of Hurricane Katrina fresh in the 
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minds of the citizens, it was certainly not the case [7]. 

The Houston area evacuation plan is to travel perpendicular to.the coast and head inland. This means that the 
citizens are limited to 1-45 or Hwy. 6 leading out of Houston and traveling towards Dallas-Ft. Worth [10]. The 
design of this evacuation route considered only the citizens under mandatory evacuations and not the additional 
mass of citizens that actually evacuated. 

During the evacuation process prior to Hurricane Rita's landfall, shadow evacuees were more numerous than were 
anticipated. This· influx of evacuees caused mass congestion. A 150 mile trip took over 24 hours. Because of the 
congestion, a contraflow plan was developed at the last minute and hurriedly implemented. S_oon thereafter, the 
traffic congestion eased and evacuees had a better chance to leave the city of Houston. 

The contraflow plan developed and implemented in Houston removed all inbound traffic from a portion ofl-45, 
providing a greater number of contraflow lanes for evacuees. If this plan had been implemented earlier, perhaps the 
traffic congestion, the mass ·of vehicles running out of gasoline, ~d the endangerment to the lives of citizens may 
have been reduced. · 

RESEARCH AND HISTORY 

Traffic simulation 
There are three basic approaches for ·computer traffic simulation: employing macroscopic, mesoscopic, and 
microscopic models. Macroscopic models tend to model traffic as a quantity of flow across a wide area. This is 
akin to fluid dynamical simulations operating within the contents of virtual pipelines. Physicists are becoming 
interested in the area of macroscopic simulation because of the similarity with already existing physical models. 
Macroscopic traffic simulation borrows such analogies as pressure, fluid velocity, and viscosity from this domain. 
Such macroscopic simulations usually involve a set of partial differential equations along with a set of boundary 
conditions (the road network model) and initial conditions (the traffic scenario model). The model is solved using 
numerical methods which use the fmite difference model at whatever level of granularity is desired to produce 
meaningful results. Helbing and Treiber [5] provide an example which is fairly easy to understand with a standard 
differential equation background. 

Microscopic models simulate traffic on the level of individual cars. Such simulations are usually discrete, though 
they may also be continuous. Unlike macroscopic s·imulations, no single model of implementation is w"idely 
accepted. Some methods which have been considered for microscopic traffic modeling in the past include: 

• Agent based simulations. Each car is an agent with unique decision making capabilities and behaviQr. 
Generally these models are object-based .and strongly polymorphic. Agent based simulations are 
considered a formal model, but unlike most others they do not have a strongly rigorous mathematical 
definition. Instead, they are defined in the languages of computer science and artificial intelligence. For 
this reason they are more flexible than tmditional formal models, though less easy to verify. For an 
example of versatility, Wable and Schreckenberg [I I] provide a hybrid agent-stochastic simulator which 
uses real world data to determine probabilities for cars making a tum at any given junction. 

• Multidimensional cellular automata models. Each cell represents a car. A set of global and local rules 
defines how cars travel. Stochastic or random processes 'are used to ·model decision making and other real 
world events such as traffic jams. A generic CA Too·l such as CAMEL [4] is able to do basic microscopic 
simulation given a proper CA model. 

• Continuous models based in physics, similar to the macroscopic models given above. The physics engine 
used is abstract enough to provide only the details relevant to traffic. 

• Discrete event simulators. One model devised by our team produces traffic at several sources using a 
stochastic Poisson process, with source and destination predefined using another stochastic process. As the 
cars are introduced into the network, they are placed in a queue at e~ch network intersection, where they 
may or may not wait. As cars leave the queue system, they are recorded, along with the time it took to get 
from their source to destination. 

• Other rrJOdels based on the Monte Carlo methods of statistical modeling. Generally these produce 
simulated data within a Well accep~ed model and then count the data in a predefined way. 
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Agent-based systems and discrete event simulators · . 
Agent based systems offer one of the most adaptable solutions to simulation, .since each agent may be customized to 
take on a different appearance and behavior using object polymorphism. Agents may make decisions in a variety of 
ways. W ahle and Schreckenberg [ 11] use real world data to determine probabilities for agents making a turn at any 
given junction. Rust [ 6] uses agents to report conditions back to a fuzzy knowledge base in order to simulate and 
respond to real time traffic conditions and unexpected roads closing or detouring. 

Discrete event simulations involve passing agents or messages between two or more queues .based upon some 
predefined rules. This is similar to an agent based model, but with one simplification-<mly the intersections are of 
interest. Such simulations• are inherently discrete. The platform we chose to work with, Cube Dynasim from 
Citilabs [l], is a hybrid agent-based and stochastic simulator. · 

Complexity 
Microscopic traffic simulation relies on emergent behavior. Given a simple model, instances of that model form the 
lowest layer of interaction-in our case the microscopic layer. Model instances can be cells in a cellular automata 
implementation, agents in a multi-agent implementation, or queue elements in a discrete event simulator. 
Emergence means that at a more macroscopic layer, patterns emerge from the simple interactions between elements. 
An example from nature is an anthill. No ant within an anthill is •the "grand architect" designing the ant hill. 
Instead, the ant hill emerges from the interactions between simple individual instances, the ants. One of the main 
causes for emergence is combinatorial explosions of the number of possible interactions between n model agents. 
Emergent behavior in traffic is one behavior that must be captured in order to produce meaningful results in 
microscopic traffic simulation. Real traffic is inherently chaotic, therefore traffic systems must be nondeterministic 
at the .macroscopic level. Schleiffer [8] uses an agent model, "TrafficLand," to demonstrate that em~rgent behavior 
such as random traffic jams can occur even with very simple agents. 

Incorporation of real time and historical data 
Intelligent Transportation Systems (ITS) is a term used to describe the structures of vehicle weight sensors, cameras, 
photo-sensors, dynamic road signs, traffic controllers, computers, software, databases, and other similar equipment 
which is already in place in many parts of the world. These systems are constantly being used to gather data in 
traffic networks and process it in a way that allows for intelligent decisions to be made by the control systems and 
information about traffic made available to managers of transit networks. Such systems are very capable of 
providing real time traffic data which can be used for modeling traffic flow. Another possible source of data is from 
cell phones. Many cell phones today have a feature called e911 which allows the telephone to be uniquely 
pinpointed with a resolution in the tens of meters order of magnitude. As with any other tracking system, privacy 
concerns must be addressed, but anonymous tracking data could be used as input for a stochastic microsimulation 
model. 

Historical data is used in the simulation to describe network flow. Some historical data must be provided for 
meaningful results of network flow. This data determines the frequency of cars entering the flow network, and also 
the probability distribution of cars turning at any given intersection. Real time data can also be incorporated into the 
simulation. Farahmand [3] uses probability estimates to determine the optimal route from a set of sources to a set of 
sinks. 

Structure of a microscopic traffic simulator 
At minimum, three basic elements must be taken into account when modeling a traffic scenario such as contraflow 
for microscopic simulation. They are the network model, the flow model, and vehicle behavior. 

The network model is generally broken into two parts. The logical network representation is a mathematical graph, 
representing which intersections are possible from which roads and vice versa, used for basic path finding. Network 

N = ( V, E) , v E V is an inter:sectioil and e e E is a unidirectional highway segment between intersections, each of 

one or more lanes. The network also stores information about the path length of each highway segment e, for data 
collection purposes. Special nodes known as sources and sinks define the boundary conditions·for the network. If 
visualization is desired, a geometric representation of the network graph is also necessary, and can be accomplished 

· using only B-spline curves. Each arc in the geometric representation must be associated with an edge in the logical 
representation. 

60 



Proceedings of the 2006 IEMS Conference 

The flow model defines the number of vehicles produced at the sources, generally using a Poisson stochastic 
method. Some simulators, such as Dynasim [2], simply use a matrix of coefficients. Similarly, when a car is 
created at a source, it has an associated destination determined.by a Poisson process or by a predefined source
destination coefficient matrix. 

Additionally, other mechanisms may be defined in a traffic microsimulator, such as traffic light controls and public 
transportation. Dynasim provides both of these resources natively, but in our initial assessment of the contraflow 
problem we choose not to use these facilities. 

Choosing a microsimulation model for contraflow 
The initial idea of which comes to mind is to implement a Discrete Event Simulator (DES) usmg queuing theory. 
Fundamentally, the idea was that most of the important problems when considering contraflow occur at 
intersections, or freeway interchanges. A discrete event simulator is perfect for dealing with interchanges, because it 
abstracts out the problem of determining how traffic flows along the open freeway segments (it is considered to be a 
constant). This method fails because of the lack of feasible verifi~bility through real (hurricane) data. 

One of the biggest obstacles to simulation is verification. In ord~r for a simulation to be worthwhile, it must go 
through a strict verification and validation cycle. The simulator must be tested against real world data and then 
adjusted to match in an iterative engineering process. If a large arµount of test data. is not available, or if time is 
short, there is no way to properly verify that a microscopic traffic simulation is correct. To avoid this lengthy and 
painstaking process ( especially grueling when using an agent-based approach), one may work within a pre-verified 
simulation environment. The environment considered here; Dynasim, is one such environment. 

Dynasim provides many of the features we desired in a hybrid stochastic-agent based microsimulation. It provides 
two network editing modes, one for editing the geometric features, and one for editing logical graph features, as well 
as a layer feature which can abstract out all data which is consistent between contraflow scenarios. Two types of 
road networks are provided: single and multilane. · 

Traffic flow is defined using source-sink matrices, and many different flow scenarios can be defined in the same 
module. This is important for contraflow because many different traffic density situations can be considered, and 
then either averaged over, or divided into modes for further analysis. 

The simulation engine provides visualization for a simulation run, which can be saved and played back any time. 
Even better, the visualization engine can detach from the Dynasim main program module, so that the visualization is 
easily distributable without requiring the simulator and graphic editor. Visualization of a simulation run is done 
with a "view," and Dynasim includes by default an easy to read 2D view and an easy to navigate 3D fly over._ 

OUR CONTRAFLOW MODEL 
Our proposed contraflow mod.el is comprised of several parts. · We propose several interchange methods and submit 
them in whole as an entire contraflow model. 0-qr model incorporates several invariants: 

• The contraflow model is generic, in that it can be applied to any city on any highway. In our discussion, it 
is restricted to a single highway. 

• The model is restricted to a major highway of several lanes. _ 
• The number of contraflow lanes should be maximized, producing a result such that m'ore people evacuate 

a city in less time. However, essential inbound traffic is considered-such as emergency, supply, and 
repair vehicles-to be almost equally important. This inbound traffic will be required to exit and re-enter 
the highway at designated interchanges in order to allow contraflow traffic the opportunity to exit and 
enter the highway. The model is not restricted to simply providing contraflow lanes. 

• City officials and essential hardware will be required to successfully implement our contraflow model. 
• Driver_ behavior during evacuations is not taken into consideration. It is recognized that evacuations do 

pose unique problems in this area. Evacuees are tense and anxious, and may very well make irrational 
decisions during the course of evacuating their home. 

Along a major highway, there are many entrance and exit points-known.as interchanges--ofwhich most are 
different in size, shape, and type. Figure I illustrates normal traffic flow on a generic highway. Note that this 
illustrates a typical diamond interchange. 
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Figure I: Nonnal Traffic Flow Figure 2: Contraflow I: No Inbourid Traffic 

An evacuation is a case for incident management. The major difference is that it occurs on a much larger scale than 
what is generally considered an "incident." Therefore, incident management is a key to implementing a contraflow 
model successfully. Numerous current incident support systems will be in place during the course of an evacuation. 
For example, law enforcement officials will be present at many key points along an evacuation route, while city and 
government officials plan and prepare for many abnonnalities. 

It will be important to design new technologies to support current incident management systems. Our roads are not 
particularly well prepared for major evacuations. Consequently, a starting point is to design our roads with more 
crossovers in order to facilitate an evacuation. This is further discussed in section 4.10. 

Contraflow 1: no inbound lanes 
The trivial case in terms of contraflow is one that reverses all lanes of traffic to the outbound direction as illustrated 
in figure 2. In this case, all interchanges must provide access onto the highway strictly in the outbound direction. 
This is a matter of reversing the inbound entrances and exits which allow traffic onto the highway at the original 
inbound exit point and off the highway at the original inbound entry point. This essentially doubles the amount of 
traffic allowable on the highway. 

One may argue that preventing all inbound traffic will prove to be detrimental to those vehicles which must travel 
inbound. Such a move may be necessary only temporarily-and initially-in order to provide evacuees with the 
greatest number of contraflow lanes with which to exit the city. What little inbound traffic is necessary can use city 
streets to travel to their destination. The contraflow initial point lies very close to the center of the city and/or to the 
coastline. 

Contraflow 2: one inbound lane; one-way traffic on entrances and exits 
In many cases, it is advisable to maintain on~ or several inbound lanes of traffic. This is especially important for the 
proper placement of emergency and supply vehicles prior to the catastrophic event: A .mass-transportation 
evacuation system requires that some vehicles return to the city in order to pick up more evacuees. 

Cones or barriers must be placed between the inbound and outer-most outbound lane in order to adequately prevent 
· traffic from "crossing over'' into an opposing lane. Inbound traffic is free to exit the highway at this interchange as 
usual. Inbound traffic may immediately re-enter the highway in the inbound direction. Outbound evacuating traffic 
can enter and exit the highway as usual, but not cross into the contraflow lanes. This is assuming that there is a 
concrete or other barrier dividing the highway in half and that no crossover exists. 
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Contraflow 3: one inbound lane; two-way traffic on entrances and exits 
Some highway entrances and exits have shoulders and/or are comprised of multiple lanes. In a contraflow situation, 
this allows more traffic on these "ramps." ·with this in mincl, a bi-directional ramp can be implemented which 
allows traffic both on and off the highway. 

In this case, inbound traffic must exit the highway at this interchange but may immediately re-enter it if desired. 
Generally, inbound traffic is not particularly heavy. Imposing-this constraint on inbound traffic would not typically 
induce serious bottlenecks. 

Outbound traffic may exit the highway at this interchange from both sides of the highway. Although one 
intersection will suffer from an increase in traffic, Contraflow 3 provides evacuees with several options to enter and 
exit the highway in the outbound direction. 

Contraflow 4: one inbound lane; tw~way traffic on entrance only 
A subset of Contraflow 3, Contraflow 4 differs slightly in that the exit ramp on the contraflow side of the highway is 
limited to one-way traffic only. This prevents contraflow traffic from exiting the highway at this interchange. Note 
that contraflow traffic may enter the highway at several points, qowever. As in Contraflow 3, inbound traffic must 
exit at the interchange in order to allow contraflow traffic to enter the highway. Inbound traffic may immediately 
re-enter the highway. 

An interchange configured in this way during contraflow could support a greater number of evacuees wishing to 
enter the highway, while at the same time limiting the number of evacuees exiting for supplies. Signs posted along 
the highway will clarify upcoming interchanges for evacuees, providing some sort of information in order to assist 
them in making decisions. 

Contraflow 5: one inbound lane; two-way traffic on exit only 
Again, a subset of Contraflow 3 and similar to Contraflow 4, this portion of the contraflow model limits the entrance 
points for outbound traffic. Outbound traffic may exit the highway at this interchange in several locations, but may 
only enter it at a single point. 

Inbound traffic is, again, forced to exit the highway to allow contraflow traffic to also exit should it need to. Such 
interchanges must be provided in order to allow evacuees the opportunity to purchase much needed gasoline and 
supplies. · 

Contraflow 6: two inbound lanes; one-way traffic on entrances and exits 
The previous subsections discuss our proposed contraflow model allowing for a single inbound lane. It is often 
necessary to provide a greater amount of such lan~s for a number of reasons. For example, implementing a mass
transportation evacuation system with buses or vehicles that continuously leave and re-enter the city requires more 
inbound lanes for a certain period of time. The strategic positioning of numerous utility vehicles is required prior to 
a catastrophic event's arrival. '1n this case, more ~an one inbound lane is necessary. 

Contraflow 6 extends our model to include more than one inbound lane, limiting and reducing the number of total 
contraflow lanes. At this interchange, contraflow traffic may not enter or leave the highway on the contraflow side. 

Initial point 
Contraflow must begin at some initial point. Ideally, the highway must be dedicated to contraflow traffic at this 
point allowing no inbound traffic. An interchange further outbound is used to "collect" all inbound traffic which 
provides evacuees with the maximum number of contraflow l~es at the initial point. At this interchange, the 
number of co_ntraflow lanes is reduced by one in ·order to provide a route for inbound traffic. 

There may be the need to share the contraflow initial point interch~g~ with inbound traffic. In this case, the initial 
point is shared with inbound traffic. Although not quite as efficient as having a dedicated contraflow initial point, it 
does support a greater level of inbound traffic flow. 

End point _ 
There is some point on the highway at whicp contraflow must end. A recent example of this is Dallas, TX, with 
respect to the evacuation of the city of Houston during Hurricane Rita. Contraflow began in Houston and ended in 
Dallas. Such an end point ·must also allow inbound traffic and not completely block it. . 
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Figure 3 illustrates the contraflow model at a possible end point. Here, contraflow traffic must end, thus allowing 
inbound traffic further in the outbound direction to behave as it normally would with one exception. At this 
interchange, inbound traffic must exit in order to allow contraflow-traffic to do the same. To efficiently end 
contraflow, traffic in the inbound direction must be reduced to a single 13:ne at sonie point prior to reaching the 
interchange. Figure 4 illustrates this process at a point further outbound of the contraflow end point interchange. 
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Figure 3: Contraflow End Point Interchange 

Lane changes 
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Figure 4: Reducing the Inbound Traffic to a 
Single Lane Prior to the Contraflow End Point 

Of great importance in implementing any contraflow plan is considering if and when to change the number of 
contraflow lanes. This must occur at both contraflow end points (as described in subsections 4.7 and 4.8). Initially, 
there must be a mechanism in place to create contraflow lanes. Similarly, all contraflow lanes must be removed at 
the end point. · 

Intermediately, however, it may be desired to alter the number of contraflow lanes. For example, the number of 
inbound lanes can be reduced by one, thus producing an extra contraflow lane. In a sense, the mechanism is 
behaving as a crossover would, however, there is no actual "crossing over'' to the normal outbound lanes of the 
highway. 

Crossovers 
The need for interchanges in order to implement contraflow can become quite problematic. Traffic bottlenecks 
occur most at these interchanges and the intersections which comprise them. It is much more efficient to implement 
a contraflow model utilizing crossovers designed directly on the highway without the need for complex . 
interchanges. Many coastal cities integrate such crossovers into their highway plans for evacuation purposes. 

Crossovers may also be used to move from ~ontraflow lanes of traffic to non-contraflow lanes-those that are 
normally in the outbound direction-and vice versa. An increase in traffic would-be noticed ( even to the level of a 
bottleneck) near the crossover. This is due to most drivers' dissatisfaction with the lane they currently occupy. 
There is always a "faster" lane, and most drivers wish to occupy that lane. A given highway may possess multiple 
crossovers. 

Model summary . 
Although we have discussed the parts which comprise our proposed contraflow model in detail, we summarize the 
model by declaring the following rules: 
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• Due to uncertainty of where a hurricane will actually hit ( especially the more time there is until it hits), we 
propose that moving inland is th~ best direction to evacuate . . More formally: planning a route which is 
perpendicular to the coastline and moving in a direction away from the coastline. A hurricane's power is 
felt over a large area near the coastline, and it drastically reduces power as it moves inland. Small errors 
in eye location on the coastline translate to a much larger error the farther inland one is. For example, a 50 
mile margin of error on the coast may translate to a 200 mile margin of error I 00 miles inland. This is 
often observed when meteorologists describe a hurricane's path cone. 

• There must exist an initial point at which contraflow begins and an end point at which it ends. 
• The initial point must be placed as close to the coastline as possible, so that the traffic inbound of this 

point is minimized. 
• Dedicating a highway strictly for contraflow traffic from initial to end point provides the best option for 

evacuees, although it provides no support for inbound traffic. 
• Crossovers are the preferred method to implement contraflow. If a crossover can be utilized to serve as 

the initial point, it should be. Likewise, a crossover should be used to serve as the end point if possible. 
This would reduce the bottlenecks at the interchanges. 

• If inbound traffic is necessary, it should be minimized. Dedicating a single inbound lane provides support 
for traffic needing to enter the city, while maximizing the number of contraflow lanes for evacuees. 

• If inbound traffic is necessary, lane changes and/or reductions must be used to reduce the inbound traffic 
prior to the contraflow end point in such a way that the inbound traffic is forced to exit there. This ends 
the contraflow. 

• .If inbound traffic is necessary, it should be "collected" at an interchange separate from the contraflow 
initial point and prior to reaching this point. This will maximize the contraflow traffic at the initial point 
while minimizing the bottlenecks at the initial point intersections. 

• If inbound traffic is necessary and no crossover support exists, the sharing of entrances and exits should 
only be implemented if and when necessary. Ideally, the number of interchanges that allow contraflow 
traffic to enter and exit the highway should be limited. This places less stress on the intersections which 
handle traffic entering and exiting the highway. 

• If inbound traffic is necessary and no crossover support exists, interchanges which allow contraflow traffic 
to enter and exit the highway- sharing entrances and exits with inbound traffic- should be strategically 
positioned and spaced in such a way as to provide contraflow traffic the opportunity to exit and re-enter 
the highway at regular intervals. . 

• If a mass-transportation system exists, inbound traffic should be provided more lanes near the affected 
city. 

• The contraflow model implementation must begin at nume~ous points along the highway. Initially, 
inbound traffic prior to reaching the designated initial and end points must be reduced to a single lane. At 
both the initial and end p,oints, it must be forced to exit the highway. This will allow contraflow traffic to 
begin entering the highway at the initial point and exit the highway at the end point. Concurrently, 
inbound traffic prior to numerous designated interm·ediate points along the highway must be reduced to a 
desired number of lanes necessary to support contraflow lanes. Initially, the goal is to reduce inbound 
traffic to a desired number of lanes in order to allow contraflow traffic an unimpeded route. · 

• Once contraflow has been initially implemented, the goal is to maximize the number of contraflow 
entrances and exits along the highway. In order to accoµiplish this, interchanges must be modified 
accordingly as discusse~ in this section. Again, utilizing crossovers greatly reduces bottlenecks at the 
interchanges. · 

• Potential bottlenecks can be mitigated by watching traffic at strategic points and making "up stream" or 
"down stream" adjustments accordingly. Implementing a dynamic contraflow model which reacts to 
traffic events as they occur will greatly improve its effectiveness. 

• Contraflow must be implemented at a. time such that it maximizes the number of evacuees prior to the 
hurricane's landfall. · 

• Each city is different, and the model is generic in that it can 'be applied, in theory, but must be fine-tuned 
to a specific city: This is due to the variety of different roadways and intersections in each city. 
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FUTURE WORK AND RESEARCH 
Analysis of the New Orleans and Houston contraflow plans as test cases must be performed utilizing a traffic 
simulator. More critical is the analysis of our proposed contraflow model. As both of these tasks have not been 
performed, our immediate future work is to analyze these three plans using Dynasim, a very interesting and 
powerful traffic simulator. · · 

With Dynasim, both qualitative and quantitative results of our analyses will be obtained. These results will direct 
our longterm goals for future work and research. We recognize the importance of incorporating real-time 
observations into our model. Recent events can prove to provide a wealth of information which can ultimately be 
used to benefit our model. · 

We also plan to investigate the world of traffic simulators more thoroughly. We have eventual plans to create an 
open source traffic simulator utilizing fundamental analytical 'model techniques such as queuing theory and Markov 
chains. An ultimate goal is to analyze our contraflow model with this traffic simulator. 
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AUGMENTATION OF THE EMERGENCY ALERT SYSTEM USING 
JAVA AUTONOMOUS MOBILE AGENTS AND CELLULAR TELEPHONES 

Gregory Coburn, Daniel Bond, Paulus Wahjudi, Dia Ali, Maria Cobb 
University of Southern Mississippi 

ABSTRACT 
In the wake of our nation's worst natural disaster, many problems with the existing disaster preparedness, disaster 
response, and emergency communication infrastructure surfaced. Our proposal integrates newer technologies 
combined with older well established technologies to facilitate in message communications through a peer-to-peer 
ad hoc network of cell phones. Thi_s is necessary in an environment where there are no cell towers to propagate 
communication due to a major disaster. The messages will be transported via java based mobile agents residing on 
the user's cell phone due to their flexibility and easy integration in today's java based cell phones. 

INTRODUCTION 
According to the Federal Communications Commission's Emergency Alert System (EAS) website, the current EAS 
was designed to allow the government officials to notify the public about emergency situations. The EAS is a 
completely automated delivery system that functions even when tµe broadcast facilities are unattended and uses the 
public AM and FM radio, broadcast television, and cable television systems to deliver the public warning [ 1]. 
Immediately following the hurricane, the existing EAS system's effectiveness was greatly reduced due to the loss of 
electricity, many broadcast towers were destroyed or damaged, and the satellite feeds into local television stations 
were disrupted due to damage to receiving dish antennas. These events C()upled with the loss of land and cellular 
telephone communications completely isolated the victims of the hurricane and prevented even the most basic 
outside information from reaching those in need. This paper will describe an augmentation to the existing EAS that 
uses untraditional communication channels to more completely disseminate emergency notifications and help 
coordinate efforts of emergency personnel. · 

MODEL DESCRIPTION 
The proposed system would use several new technologies in novel ways to distribute emergency notifications. The 
foundation of the system is the fact that automobiles, individual cellular telephones, and satellite radio broadcasts 
operate independently of the electrical power grid. At the bottom of the system is the Java and Bluetooth® enabled 
cellular telephone. The proposed system requires the implementation of a peer to peer network for the cellular 
telephones using autonomous Java mobile agents and Bluetooth~ wireless communications. The agents can be 
programmed to "replicate and jump" from host to host and display the encapsulated emergency text message to the 
telephone user, in real systems we expect that ciphertext (possibly executable code if two way communicatio~ can 
ever be established) will be propagated throughoU:t the system. A limiting factor of our propagation proposal is the 
cellphone battery life. The agent path is shown in figure 1. 

At the next higher level in the· proposed system i~ the process of "seeding" the cellular telephone peer network with 
the agent and can be completed using automobile satellite radios or alternately satellite Internet access. The agents 
can be sent via satellite radio to any Java enabled automobile, then using the Bluetooth® network available in many 
newer cars, they would "replicate and jump" to any host, thus seeding the system. At this point the agent can spread 
from host to host without user interaction and independent of th~ primary cellular communications channel. 
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Figure 1. System Overview 

Termination of agents can be completed in three primary ways. The first is a basic timed death based upon an 
"existence timer" that each agent can maintain. Secondly, the agent can terminate based upon geographic position 
when hosted by a geographic positioning system (GPS) enable telephone. Third the EAS can send a termination 
request to all agents forcing termination. The forced termination can be completed via the primary communications 
channel or over the disjunctive system. 

CURRENT TECHNOLOGIES 
Since there is currently no commercial benefit to the system, it is obvious that the proposed system would require a 
mandate from the federal government to force the widespread implementation. In lieu of this mandate, several 
technologies can be explored to establish feasibility of the system. 

Currently Java enabled automobiles are not widespread. However in 2001, a complete Java top level architecture 
(TLA) system was been implemented in BMW's iDrive system [3, 4] and it includes the Java Virtual Machine 
(JVM). The purpose of the iDrive system is to provide a simple user interface while insuring upgrade flexibility for 
BMW. The system was developed by Siemens VDO and provides TLA and is layered upon the Wind River's 
VxWorks real-time operating system (RTOS). "TLA is an open and modular software platform, developed to 
provide seamless upgrades and additions to in-vehicle functionality at any time during the vehicle's life cycle. TLA 
defines the interfaces, APis, network architecture, and functional modules necessary to integrate new features and 
functions into the automobile" .[3] 

Additionally, the BMW TLA is compliant with the Open Services Gateway Initiative (OSGI™) [3]. "The OSGI™ 
specifications define a standardized, component oriented, computing environment for networked services." The 
OSGI™ provides an IO connector service that implements the Connected Device Configuration (CDC)/ Connected 
Limited Device Configuration (CLDC) javax.microedition.io package.[6] This is crucial to the implementation of 
our system and will be discussed in the implementation section below. The CDC/ CLDC are part of the Generic 
Connection Framework (GCF) and provide Bluetooth functionality and access to fil~s and memory cards.[7] 

. -
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Figure 2. Basic TLA Structure [3]. 

The Java Virtual Machine® (NM) would provide the operating layer for hosting the agency required by the mobile 
agent system. The virtual machine can then provide the access to the Native Foundation Bluetooth® and enabling the 
unsupervised spreading of the agent to cellular phones or other Bluetooth® enabled automobiles. The iDrive concept 
is being implemented in all model year 2006 7 Series BMW sedans.[5] 

WIRELESS PROTOCOL 
Bluetooth® is a wireless protocol operating at 2.5 GHz and is license free. It is intended to allow communications 
between any electrical device such as cellular telephones, Personal Data Assistants (PDA), headsets~ and printers 
without the need of wires and cabling. It is designed for low cost, low power, radio technology and is intended to 
allow the creation of personal area networks (PAN). It has a lower cost and shorter range than the popular IEEE 
802.11 wireless networking technology. It suppoJ1S real time data transfer in a nominal range of 10-100 meters. It is 
not hindered by obstacles such as walls. It supports point-to-point and ad hoc wireless network connection and is 
fundamentally a master/slave protocol. · 

As with most wireless protocols, the Bluetooth® protocol stack is layered. At the base is the physical layer 
containing the spread spectrum radio transceivers. On top of this layer the baseband layer and it is responsible for 
the timing, sequence and or9er of the transmitted bits across the network. Theses layers can be implemented in a 
monolithic package although historically it has been implemented in multiple·chips. The next layer is the Link 
Manager which manages the baseband devices. This layer allows service discovery and establishes the 
communication connection. Coupled with the Link Manager is the next layer the Host Controller Interface (HCI). It 
is responsible for the data transportation, in~luding multiplexing to relevant applications, after the connection is 
established. The next layer is the Logical Link Control and Adaptation Protocol (L2CAP) which provides data flow 
control and management. Above L2CAP the stack splits, with the link to the Applications Layer going via the SDP 
(Service Discovery Protocol ) or TCS (Telephony Control protocol Specification) blocks, or via RFCOMM and 
then via OBEX (Generalized Multi-Transport Object Exchange Pro{opol) , W AP (Wireless Application Protocol) or 
simple AT Commands. · 

Within a PAN, a Bluetooth® a device can act as a master· or slave. In a given PAN, there can only be a single 
master and up to.seven slaves [9]. There is no direct communication between slaves. The only path is between 
master and slaves. Connection can be establjshed in three ways: name discovery in which the name of the 
Bluetooth® device is detected; servic~ discovery is specific services are discovered; pairing or bonding to devices 
establish form a private connection. In named discovery default names are used to allow easy discovery of a device. 
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In service discovery services both devices must support the service prior to connection. For example, both devices 
must support mobile agent service prior to connection. And finally, in pairing a PIN is used to allow access to the 
devices and must match before use ·of the device. The concept of a mobile agent service is the most appealing for 
our implementation. 

CELLULAR JAVA [ty 
Sun Microsystems currently implements the Java AP/ 's for Bluetooth Wireless Technology (JSR-82) for the Java 2 
Micro Edition Platform, this API set requires the Connected, Limited Device Configuration (CLDC) pa6kage to also 
be available. The API set is designed-to operate on embedded devices that have at least 512k memory for the Java 2 
platform along with enough memory to hold the application being executed. 

Discover Communication I 

, __ Device 

Management 

Figure 3. Bluetooth Discovery 

Bluetooth® utilizes 3 major classifications for its protocol, the first being discovery this is the locating of devices and 
services that the client are able to access. This requires the client to implement thejavax.bluetooth.DiscoverListener 
for when a service or device is located. The non-blocking method used for discovering new Bluetooth® 
devices/services is deviceDiscovered, this method also notifies the client whether the inquiry has completed 
successfully, terminated, or has caused an error. Many times you will not want to execute anymore lines of code 
until you've found devices/services, if this is the case Bluetooth® provides retrieveDevices to aid in blocking the 
client. For our mobile agent client utilizing the non-blocking approach would be most beneficial due to the fact that 
we will constantly be searching for new devices to communicate along. 

Communication is the next classification that must be implemented between the client and server model, this 
requires the client's Service Discovery Protocol (SOP) to communicate with the server's SDP server which contains 
a database of services that the server is providing-to clients. Since our initial message will be contained in the 
client's code, we will need each server to allow us to collaborate with them to get our message circulating through 
cell phones. This requires a service to be provided by each server inside the SDDB. 

Note: The SDP server queries the Service Discovery Database (SDDB) which contains a class 
ServiceRecordthat contains service attributes each of which have a Universally Unique Identification 
(UUID) and a DataE/ement to identify its configurations and identity. 

The final classification required by Bluetooth' s specification is device management, which is a way to query, view, 
and update local and remote configurations for Bluetooth devices 
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Figure 4. Bluetooth communication protocol 

Two types of server applications exist for most cell phones, the first is run-before-connect services which must first 
be executed and the services must be added to the SDDB before any clients-will be allowed to connect and transfer 
data. The other type, which we believe would be more useful in .our mobile agent architecture is known as the 
connect-anytime services, allowing client agents to jump from device to device while not requiring the agency to be 
up and running all the time. This provides a more efficient way of executing the agency on each individual cell 
phone. 

Wireless protocols are always a risky communication mechanism due to the risk of people intercepting and reading 
the information being broadcast. For this very reason Bluetooth has built-in methods to secure your data and verify 
the authenticity of the communication devices. 

Authentication is a method to verify the credibility of both devices using a 128-bit shared key derived by the PIN 
code ofboth devices. The way to implement authentication is by placing"authentication=true" in the Connector 
notifier object you create for the connection. Encryption can be deployed in a similar fashion by placing an 
"encrypt=true" inside the same notifier object, also depending on the sensitivity of the data either, both, or.no type 
of security can be used for data transmission. In an emergency broadcasting situation their will be times you will 
want to keep certain information hidden from prying eyes, which other times broadcasting the information to as 
many people as possible might be .crucial for this reason you are afforded the opportunity to dynamically modify the 
security settings in your Connector object allowing for a more. flexible messaging system. 

POSSIBLE REFINEMENTS 
The proposed system can be extended to allow individual cellular telephones or classes of cellular telephones to be 
targeted. A class can include the cellular telephones of any federal, state, and local officials. For instance, the 
cellular telephones used by the local sheriffs department can be collected into .a class. The class collection can be 
implemented using a simple technique of contact list keying (CLK). In this approach, the receiv:ed agent would 
search the receiving cellular phone contact list for a specific entry. If the entry exists, the agent would display the 
message. 

A more secure approach can use the unique electronic identification number (EID) of each cellular telephone. By 
encoding the EIDs of the eligible telephones, only the selected cellular telephones can display the message but any 
cellular telephone· can carry and spread the message and thus allowing receiver unique messaging. Of course in the 
case of CLK, the system will be used to distribute "unsecured" messages, while the EID approach will be more 
secure since the user cannot change the EID of the cellular telephone. However, the latter approach will cause an 
increase in the size of the agent since all the EIDs must be contained in the agent. 
Another extension can include providing a return path for the agents via the Internet. This feature can be useful in 
the implementation of a data collection system such as the one proposed by College of Engineering at the University 
of California, Berkeley. In which they propose including data collection features in commercial cellular telephones 
to collect environmental data.[2] The inobile agents with the return path can be used to n;tum data to the scientists 
independent of user interaction. In addition to the primary data, in a round ~p system the agent c,an return trip 
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communications statistics such as EID hop list, hop quantity, hop frequency, and dwell time.(average, maximum, 
minimum, median). The returning agent can move to an Internet connected computer and return to the sending 
agency via the Internet. · 

An important aspect of our distributed agents is persistence. Obviously agents should not be allowed to spread 
without bounds across sea of Bluetooth devices, so imposed limitations of the number of hops each agent can 
execute or limitations by the geographical area on Global Positioning System (GPS) enabled cellular telephones can 
be implemented. 

Seeding the system is a primary concern since the satellite radio is a proprietary system and will probably require a 
government mandate for access. The modified system will consist of a battery powered satellite Internet access and 
computer with a embedded Bluetooth device for emergency vehicles. The satellite Internet and computer will be 
located at any fire or police station. The embedded device will be dedicated to the hosting and propagating agents 
and will consist of a single board computer (SBC) such as the ZWorld BL2500 [8] and Bluetooth expansion module 
or the aJile aJ-1 OOEVBm. 

CONCLUSION 
It is unlikely the BMW iDrive system, or a system like it, will be implemented on all cars. Currently, many 
automobiles. are Bluetooth enabled and can communicate with Bluetooth®8 telephones, but they lack the NM to host 
the agency. Therefore, the use of a dedicated specialty device, embedded in emergency vehicles seems to be the 
more plausibl~ approach. This problem is in addition to the proprietary nature of Satellite radio broadcasts. 
Therefore the path of sat~llite Internet to a city installation is the appropriate implementation. Telephone to 
telephone transfer of a mobile agent is very possible since most new cellular telephones include the required NM 
and support Bluetooth ®. · 

In the event that adequate funding attained, the following items should be addressed. First, after the procurement of 
a minimum of two Bluetooth® and Java enabled cellular telephones, a Java mobile agency should be designed and 
implemented. During the development of the agency, special attention will be placed on limited resource 
approaches. Second, the agent should be developed and the phones should show the capability of establishing a 
piconet and allow agent movement. Third, the development of the SBC should be completed to host an agency. This 
will allow the establishment of a piconet between the computer host and the cellular telephones. Fourth, the SBC 
should be connected to the Internet via satellite access. Finally, the agent should be created on a remote computer, 
sent via the Internet to the SBC, and then to the cellular telephone. 
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ABSTRACT 
Peer-to-peer technology has been becoming increasingly popular in recent years, with widespread use in connecting 
large numbers of computers together. Unfortunately, it has seen relatively little use by the corporate world, even 
though modem business relies heavily upon Virtual Private Networks (VPNs). VPNs allow remote computers to 
connect to a network via the internet. Major emphasis is put on security, and peer-to-peer technology was not 
initially developed with security in mind. There is potential in the use of peer-to-peer technology to implement 
VPNs, and we will attempt to investigate the feasibility of this method while contrasting it with traditional 
approaches. 

INTRODUCTION 
Local Area Networks (LANs) are groups of computers networked for the purpose of sharing data and resources. 
This functionality is valuable as it allows the centralization of resources and data; for instance, each terminal does 
not need a printer, and the database does not have to exist on every machine. It is ·not always practical to locate all 
the machines at one geographical location; large businesses tend to be spread out over large areas. Directly 
networking these machines together is possible, but impractical. LANs can be hooked together with leased lines. 
Leased lines are expensive to maintain, and are impractical for LANs that are far apart. Businesses needed a cost
effective way to share resources and data between geographically distant offices. To meet these needs Virtual 
Private Networks (VPNs) were invented. VPNs provide the same function that leased lines do: the secure, fast 
networking together of two LANs. In addition, they allow remote users, such as traveling executives, to securely 
connect to the business's network. As the data and resources being shared are often very valuable and important it is 
absolutely imperative that the VPN be secure and reliable. 

Peer-to-peer technology has spent time in the media spotlight recently. This is because the applications to which 
individuals are applying the technology are of a dubious nature. The technology itself has legitimate applications 
that are potentially cost saving, and secure. A P2P network would consist of nodes that function both as servers and 
clients. This is important because servers extend the scale and redundancy of the network. This translates to a 
larger, more reliable network without a cost increase. Indeed, many existing P2P based networks are virtually cost
free. Due to these factors, P2P networks are becoming extremely common. Surprisingly, they have seen ·almost no 
use by the business world. This is possibly due to the reputation they have as a breeding ground for viruses and 
worms. In fact, the existing P2P n,etworks are the bane of many companies. This is understandable, as the 
applications to which these networks are applied are of a seedy nature. The focus in theses networks is not on 
keeping data secure, but on distributing it as fast as possible. · There is no reason to speak of that P2P networks 
couldn't be designed with a greater emphasis on 'Security, and put to non-nefarious purposes. In fact, it is the logical 
progression of some technologies: to transition from the destructive origin to the benign. 
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Figure I . Connections between different entities on the Internet 

Recently the implementation of peer-to-peer (P2P) based VPNs has been proposed. This amalgamation of 
technologies has the potential to truly be the best of both worlds. Not only is it feasible, there is no reason it has to 
suffer from the failings of current P2P based networks. Nor does it suffer from the shortcomings of contemporary 
VPNs. It can rise above both to be a fast, reliable, secure, cost .effective solution. In fact, there are a few 
implementations of P2P VPNs already in existence. These implementations have not been deployed on the scale 
which contemporary VPNs have been, but the potential is there. We will cover in brief the history and current state 
ofVPNs, followed by an examination of the idea of P2P VPNs and their potential benefits. We will then discuss 
implementations that already exist, their implications, and their usefulness. Next we examine some security flaws of 
current P2P networks and some strategies that might be used to defeat them. Finally, we will draw our conclusions 
concerning the feasibility of this topic. 

VIRTUAL PRIVATE NETWORKS 
The idea ofVPNs is not new. Ever since the first LAN was realized there has been a desire to connect LANs into a 
bigger network. The initial attempts at doing so used dedicated leased lines. Leased lines are cost prohibitive, 
especially if the LANs are far apart. Eventually a protocol standard, x.25, for Wide Area Network (WAN) 
communications was developed, which allowed multiple virtual connections to interconnect devices through the 
same-infrastructure. Eventually, when the Internet began to gain popularity, network infrastructure was built to 
support internet protocol. These developments lead to tunneling, a process that involves placing a tunnel header on 
a data packet at the source, which is disposed of at the destination. This allows for the opaque traveling of packets 
through the public internet. The VPNs that were deployed over the internet are known as Internet Protocol VPNs. 
They come in many flavors and continue to evolve and change today. Encryption is used to further obscure the 
packet that is tunneled, providing a greater level of security. Quality of Service is also used to provide better 
service, controlled latency, dedicated bandwidth, and better loss characteristics. 
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Figure 2. Traditional Remote access VPN 

Currently VPNs are based around providing two basic services. Remote access VPNs allow remote users to connect 
to the VPN. Remote users would be traveling executives, salesmen, or any employee that travels often. Figure 2 
provides a simplified rendition of what the topology of a remote access VPN might look like. Remote access VPNs 
provide these 'road warriors' access to the companies data and resources while they are not located at the office. 
The actual method of connecting can involve several different schemes. One common scheme is having the remote 
users dial in. This is similar to the technology that supports dial up internet access. The amount of hardware 
required and the difficulty of configuration often leads to companies with large numbers of remote users outsourcing 
the network to a provider company. This can still be quite costly. The other basic functionality that VPNs provide 
is the connecting together of two or more LANs. This can actually be a more complex prospect than simply 
connecting a remote user to the network. Needless to say, this also requires hardware and configuration. 
Companies can outsource this as well, in effect being connected to a provider's backbone network. 

This brings us to the idea of P2P VPNs. P2P Technology is one of the potential 'killer apps' of the internet. The 
technology has seen an incredible amount of use as a file sharing protocol. Programs like Napster, Kazaa, and 
BitTorrent facilitate the sharing of petabytes of data· over networks that have virtually no costs associated with 
maintenance and setup when compared to what that amount of bandwidth would cost commercially. This is 
illustrative of the robustness of this type of network; it can handle massive numbers of users, and massive amounts 
of data. This illustrates the great potential that the exploitation of this technology has for the business world . . The 
distributed nature of P2P servers ~ould help eliminate the need for dedicated machines to act as servers. It would 
also aid scalability: as the network grows so does the number of servers, the redundancy, and the bandwidth. Since 
each client can potentially act as servers, it is easy to see that as you increase the number of clients in a system, as 
long as enough clients are capable of acting as a server, the number of clients you can have increases. Thus it 
becomes an issue of maintaining a balance of client/servers to pure clients. There are reasons, depending on · 
network topology, that clients might be in-able to act as a server; such as the inability to accept incoming 
connections. The redundancy of the network increases as the m.1~ber of serv~rs increases because it becomes more 
interconnected, there are more paths to get from one point in the-topology to another. The bandwidth of the network 
can also grow because as clients connected through different service providers begin to act as servers they contribute 
their bandwidth to the total bandwidth of the network. This translates to savings on maintaining powerful servers 
that are vulnerable to failures, as well as on outsourcing. Since all the nodes on the network can act as a server the 
failure of one machine is not nearly as catastrophic, especially if the P2P network provides for redundancy of data. 
The main draw back ·to P2P networks are the se~urity issues associated with P2P networks, and we will address 
these below. Figure 3 demonstrates a possible P2P VPN implemen~t!on. 
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Figure 3. Possible P2P VPN 

P2P VPN IMPLEMENTATIONS 
There are several P2P VPN implementations already in existence or development. We will discuss two of them in 
this section. While at first glance Hamachi [11] does not seem to be a VPN, they define themselves as one, and 
upon further examination, they are, although not on a massive scale, and not necessarily fully distributed. The latter 
implementation, Everywhere Local Area (ELA) [l] network, is a proposed implementation that did well in testing 
but has yet to see real commercial use as of this writing. These two implementations serve to illustrate the 
feasibility of this technol~gy. 

ELA is a fully distributed P2P based VPN. ELA was conceived primarily to address several problems with VPN 
networks that exist when the users that wish to setup a VPN do not already have a LAN setup, or where the nodes 
are great distances from each other and are not clustered in one geographic area. Because VPNs require a dedicated 
remote access server, it becomes problematic to setup and manage. This is the same issue we were talking about 
above, where it is costly and difficult to setup dedicated servers for a VPN. In addition in these small networks, 
these servers can suffer from cong_estion and if they fail, so does the VPN. This factors into the cost: ensuring that it 
does not become congested and does not fail. Furthermore, Transmission Control Protocol (TCP) based VPN 
systems suffer from delays and connection issues. To avoid this, ELA in its architecture divides nodes into two 
categories, Core-Nodes and Edge-Nodes. Core-Nodes use TCP and UDP to connect to Edge-Nodes and Core
Nodes respectively. The node! that can only connect via TCP are called Edge-Nodes. Edge-Nodes connect to a 
Core-Node via a TCP connection. The Core-Nodes handle routing, and this minimizes the impact of TCP based 
tunneling on the topology, as it does not affect the entire topology. This topology is basically a set of Core-Nodes 
talking to each other, with Edge-Nodes connected to various Core-Nodes, but not to each other. Figure 3 is an 
illustration ofELA's topology. This is noteworthy as it illustrates a totally distributed system, unlike Hamachi 
which relies upon Hamachi's server for initial connectivity. 'flie implementers ofELA have plans to increase the 
scalability of ELA without increasing latency or overhead. · 
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Figure 4. ELA-VPN: Topology 

Hamachi is noteworthy because it allows connectivity between computers that are behind firewalls with no user 
configuration. Hamachi makes use of User Datagram Protocols (UDP) to facilitate connections between peers. 
With it, two peers connect to a Hamachi server which sets up a direct connection between the two peers. According 
to the developers, in 97% of the cases they have encountered a connection is established, regardless of the fact that 
peers are sitting behind different firewalls and routers. After the connection is established, it is a direct, P2P 
connection between the peers. It uses key exchanges to generate material used for encrypting the rest of the 
messages, which are also uniquely numbered to prevent replay attacks. A replay attack is where a person copies a 
message and sends multiple copies of it to a server. · Since Hamachi is not open source, the details of their 
implementation are not public knowledge, but there is extensive information on their site as of the time of this 
writing regarding to the security of their software. Based on this information, the software is as secure as most other 
modem VPNs. This demonstrates that a secure, P2P based VPN is possible, even between computers that are 
behind different routers. This translates to ease of setup and use; firewalls at different sites do not have to be 
configured. This is important because~ large part of the difficulty inherent to VPNs is correctly configuring all the 
machines, routers, and firewalls involved in the VPN. 

Once installed, Hamachi appears a separate Network Interface Card in the network settings with an Internet Protocol 
(IP) address associated to the Hamachi environment. The user then will need to join the session created within the 
Hamachi Network which is an equivalent to a Local Area Network (LAN). Although the computers are located in 
different physical location, ·it will appear as if it is within the same LAN along with all of its resources thus creating 
a virtual local area network (VLAN). Any shared devices such as printers and disk drives will be accessible to all 
computers connected in the virtual LAN without having to disable, bypass or expose any security measures 
implemented. We tested Hamachi VLAN ability using three different functionalities: resource sharing, information 
transfer, and remote access while observing wha~ is needed to run the feature, what type of security measurements 
are comprom_ised and/or disabled, and also the performance in regular usage. In resource sharing, we shared a 
network printer from a PC behind a corporate firewall with all ports blocked other than port 80 open for access to 
the Internet. The printer is visible~ a resource in the computer but upon access, it requires a password for 
authorization. When the correct password is inputted, the operating system will install the printer into the system 
without any additional setting/ changes needed on both sides and the printer is ready to use. To test on file transfer 
capabilities we utilize directory sharing and network drive mapping. Navigating through shared directory is fairly 
slow at the beginning depending on the information stored in the directory. Once loaded, rights on the drive are set 
according to the sharing rules set (read, write or read and write access). Moving files between.both machines is easy 
and editing files located on the remote machine performs as efficient as locaJ files. On larger file transfers however, 
there is a noticeable wait time. We tested copying files of size 700 Mb (CJ? image), 1.0 Gb (DVP image), 1.4 Gb 
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(two CD images) and 2.0 Gb (DVD image). We found that the transfer speed varies ·depending on the computer 
download and upload speed. Our best performance ·is in copying the 700 Mb file in 20 minutes and the slowest is 
2.0 Gb in 112 minutes, however all test cases have never exceeded 120 minutes for all file size. We also mapped the 
shared drive and found better response time in navigating the directories however transfer time performance is 
analogous. Performance wise it is not up to par with FTP sites, ho.wever the easy setup and the use of regular PC 
without compromising any security protocols allows for an attractive alternative for accessing remote files. We 
have also encountered an interesting situation in which the shared printer is still accessible and ready for printing 
even after the shared computer left the Hamachi network. The shared directory and mapped network drives 
however are not accessible -if the PC is not in the Hamachi network. The final test is remote access where we gain 
access to the remote machine using Virtual Network Computing (VNC). We installed three version ofVNC 
(Ultr@VNC, RealVNC and TightVNC) in the PCs and all perform without any problem. This is advantageous 
because VNC requires connection from specific ports to gain remote viewing which are blocked by the firewalls and 
requires port forwarding on Network with Network Address Translation (NAT) which is limited to one port per IP, 
however the Hamachi connection allows to tunnel the communication through port 80 to multiple machines. 
Overall the P2P VPN access using Hamacbi is easy to setup and use without compromising any network security 
implementations. 

P2P SECURITY ISSUES 
The greatest single obstacle to P2P based software, VPNs included, being used extensively in the business world is 
security. Initially, .as with most forms of software, P2P networks were not designed with security in mind: they were 
designed primarily to work. Additionally, to make matters worse, most leave many settings up to the client that can 

. lead to further security issues, such as what folders to share, what file permissions to give, etc. Additionally, the 
majority are a transmission medium for viruses and worms, though this is due in part to failure on the part of the 
user and the nature of the files being exchanged. As the saying goes, "garbage· in, garbage out". In fact, viruses and 
worms are increasingly starting to target P2P networks directly. These problems have lead to the concept, and for 
the most part truth, that if you use these programs extensively, you will eventually get a virus. This is not true of . 
P2P communication in general, however. This is merely a symptom of the nature of the 'file sharing networks,' 
which is the first thing that comes to mind. when confronted with the phrase "P2P software." 

These failures can, and have, been overcome. Hamachi, discussed above, is an example of this. There are several 
possible ways to accomplish this. One security model proposes to periodically audit client data in a central server, 
to track when something has already occurred. In other words, the software would occasionally send data to a 
central server instead do ofto the client, so that it can be read by an administrator. This would aid with fixing the 
problem after the fact, and preventing future problems. A major problem of internet communication in general is 
authentication, that is, peers making sure that they are who they say they are. Digital signatures, codes attached to 
messages for the purposes of identifying the sender, can help with this. These codes uniquely identify the sender. 
Public-Key Infrastructure (PKI) technology can also be used. In PKI technology a trusted third party issues a digital 
certificate to users, which contains a public key for the applicant. Users who receive this message decode it with the 
authorities own public key, thus receiving the senders pubic key and information. With this, they can reply with an 
encrypted message that is only'decodable with the user's private key. This works because there is a mathematical 
relationship between the public and private keys. Hamachi, mentioned above, exchanges keys to authenticate users. 
Encryption can also be used to help secure a P2P network. Encryption allows communication through an unsecured 
·medium, i.e., the internet. It is commonly used in VPN networks, to keep messages secure as they traverse the 
internet. The use of unique keys allows encryption to aid the authentication process. The P2P clients can also be 
written in such a way that allows them to belong to certain groups, and only be configurable by administrators, and 
this will counterbalance the fact that most existing P2P networks allow the user to make their machine vulnerable. 
While at first thought this sounds like a headache; administrators traveling to a 100 machines to configure things 
manually, since the network supports authentication and is secure, then it should be trivial to allow remote 
configuration by administrators. Another layer of security can be added at the application level. By utilizing 
applications which offers secured transmissions through the VPN we _would have doubled the encryption effort 
without having to enforce any particular rules or compromise security. As an example, Ultr@VNC Data Stream 
Encryption (DSE) plugin allows for fast, efficient and minimizes the data and CPU overhead due to data 
transformation. It allows anyone to write an external Dynamic Link Library (DLL) that can be loaded by both 
Ultr@VNC Viewer and Utr@VNC Server. Then this DLL has access to all the transmitted,4Rta packets and can 
consequently alter, modify, record, or encrypt the VNC data stream during the connections. The MSRC4 plugin 

· uses the Microsoft Crypto API to encrypt the data stream using RC4 stream encryption which is a similar encryption 
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method used by SSL. RC4 encryption is secure but processor light, making it well suited to streaming data. The 
clear text and the encrypted text take up the same amount of space, making it simpler to code. Unlike SSL, the keys 
are generated once, and then "pre-shared" onto the clients are servers that will use the encryption plugin. 
Ultr@VNC does not have a method for dynamically creating keys and the DSM architecture was built in such a way 
that it is not possible for the plugin to dynamically negotiate the keys. The plugin is supported on Windows 95 
through Windows 2003 Server. Key sizes supported are 40bit, 56bit, or 128bit. (The bit size is limited to 40bit on 
some versions of Windows. With the "High Encryption Pack" installed on 95osr2 or 98/98SE, they will support up 
to 128bit keys). The encryption method, key, and key length are stored in the key file generated by the plugin. 
Keeping your k~y files secure keeps your encryption secure. Changing your keys often is as prudent as changing 
your passwords often. Currently there are two versions of the MSRC4 plugin. The first version stores its 
configuration information in the Windows registry. The other version does not use the registry, but uses a 
combination of "default paths" and environment variables to locate the key file. 
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Figure 5. Data Stream Encryption 
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In figure 5, the input "ABCDE" is encapsulated in the RFB protocol, and then sent out over the internet. Notice the 
text is still visible inside the RFB protocol packet. The server on the other end translates the text back to "ABCDE". 
In the DSM example, the text AND the RFB protocol wrapper are transformed by the plugin. The text and the RFB 
protocol wrapper are not visible on the internet. The server transforms the packet back to plain-text, and then 
translates it back to "ABCDE". Because VNC is ~ open source application, using Hamachi P2P VPN and DSE 
plugin allows for secure connection that is hard to decrypt without complicated security settings. Similarly, we can 
use Secure Copy Protocol (SCP) in order to transfer data between machines. SCP is mostly used with SSH-I which 
is an older protocol but almost universally supported on different platforms as part of an SSH protocol suite. SCP is 
a descendant of the ancient Remote Copy Protocol (RCP). We can also utilize the more modem SSH File Transfer 
Protocol (SFTP) which is a subsystem of SSH-2. SFTP is more secure but slower due to the necessity to wait for 
packet confirmations. We can extend it further by using additional authentication system such as MIT Kerberos 
GSSAPI 5 for SSH-2, public key using Pageant, and TIS or Cryptocard for ss·H-1. In the end, both SCP and SFTP 
protocols implementation works efficiently in Hamachi P2P VPN without extra configurations or tedious 
modifications to existing systems. 

· CONCLUSION 
In conclusion~_it seems that P2P based approach.,es to VPNs are the logical progression of the technology. Indeed, 
many of the security measures absent from most P2P efforts are already an integral part of VPN systems. P2P 
technology can be described as a 'killer app,' and although it has something of a shady reputation, it has great 
potential. The application of the security measures to a P2P VPN will make it at least as secure as a normal VPN. 
They have the potential to be non-centralized, which makes the system much more robust. The chances of all the 
nodes on a network failing simul~eously are astronomically less than the chances of one or two huge servers 
failing. In fact, in a truly distributed system, even localized disturbances, ·such as power outages or natural disasters, 
might not take the entire network offline. This goes hand in hand with data replication, which is the practice of 
keeping multiple copies of data, especially if it is important data. The multiple, identical, distributed copies of data 
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adds to overhead in keeping it synchronized, but allows for faster access to the data, no ·bottlenecks at one machine. 
The cost of a P2P network has the potential to be much less, while you are paying for specialized software, you are 
not paying for specialized hardware, which is often more expensive. In fact, you might even eventually" be able to 
acquire third party P2P based VPN software. Maintenance costs of the network are potentially equal to the 
maintenance costs of the machines you maintain. That is, you only have to maintain the machines you provide for 
your employees, which you have to maintain anyway, thus maintenance costs should not increase dramatically. P2P 
networks generally have a great deal of bandwidth, and do modem error checking on the fly, throwing out bad 
packets and having the data resent. While a distributed P2P VPN on a massive scale has yet to be implemented, P2P 
networks already exist on a massive scale. These networks provide good performance, and have little down time. 
These qualities should be translatable to a more secure environment. The_ time it takes to set up a VPN network is 
equal to the time it takes to distrib.ute the software to the machines that are running it. Since it is by nature secure, 
remote configuration should decrease setup time, and maintenance time, dramatically. 
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DEVELOPMENT AND ANALYSIS OF THE PARALLELIZATION OF A 
SEQUENTIAL INTEGRAJ'ION-BY-PARTS_ ALGORITHM USING PETRI NETS 

Jean Gourd and Clifford Burgess 
University of Southern Mississippi 

ABSTRACT 
Paralleli:zation is often used as a tool to increase the efficiency of an algorithm's perfonnance. Intrinsic to the 
paralleli:zation of a sequential algorithm are added startup and communication costs. Petri nets are a modeling 
technique and are often used in the analysis of parallel and massively parallel systems. In this paper, we develop a 
parallelized version of a simple integration-by-parts algorithm and analyze this system using a Petri net of our 
design. Analysis is performed by observing the Petri net and its resulting reachability tree. 

INTRODUCTION 
The idea to divide a sequen"tial algorithm's task and distribute it as various processes among multiple processors 
typically tends to increase the overall performance of the algorithm. This, of course, hinges on the capability to 
easily divide the algorithm in such a way that communication among the processes-and thus the overall 
communication cost-is minimized [1]. Moreover, the algorithm must fundamentally be divisible. Generally, the 
increase in algorithm perfonnance due to paralleli:zation outweighs the introduced communication costs. The 
inherent benefits of paralleli:zation, coupled with the speed of current microprocessors, are well known. Whether the 
underlying architecture mirrors a two-dimensional mesh or a three-dimensional hypercube, for example, is irrelevant 
in this case. Much work is being done in the area of parallelizing sequential algorithms~r portions of sequential 
algorithms (see [2], [3], [4], and [5]). 

Petri nets are a modeling tool which provides insights into the analysis of parallel systems. Often, systems 
possessing concurrent and synchronous characteristics are difficult to analyze. Petri nets offer assistance in this 
area. Briefly, a Petri net is a bipartite graph which consists of a set of places, a set of transitions, and a set of arcs 
which connect places to transitions and vice versa. Tokens are placed within places, generating a marking for the 
Petri net. This marking represents a state in the Petri net's reachability tree (see Figure 6 for an example). When all 
of a transition's input places contain a token, the transition is said to be enabled, thus allowing it to fire. When a 
transition fires, a token is removed from each of its input places, and a token is then placed in each of its output 
places. In generalized stochastic Petri nets, transitions can be immediate or timed. Immediate transitions always 
fire first if-and when-there exists both enabled immediate transitions and enabled timed transitions. Furthennore, 
immediate transitions fire with a defined rate probability quite often depending on the current Petri net marking. 
Timed transitions fire at a rate generalized by a certain distribution (such as exponential or Poisson). A Petri net's 
states can be summarized in a state transition diagram-its reachability tree-as illustrated in Figure 6. More 
detailed infonnation on Petri nets is provided in [ 6]. 

There are many aspects of computing systems wherein Petri Net modeling techniques can be utilized to analyze the 
system or architecture. Ultimately, such analysis would lead to insights into the overall process of the system, · 
optimistically leading to a more efficient system ( or a more efficient system choice). It is clear that such modeling 
techniques could be utilized-to analyze the parallelizing of a sequential algorithm, such as the Fast Fourier 
Transfonn or integration-by-parts using several approximation methods. The-inherent parallel, concurrent, and 
often distributed nature of such a task lends itself quite well to ·the modeling techniques of Petri 'Nets. Perhaps as a 
consequence of such modeling, the resulting parallel algorithm would-far surpass its sequential counterpart or, 
optimistically, any rival parallel algorithm currently being utilized. 

THE INTEGRATION-BY-PARTS ALGORITHM 

Sequential algoriihm 
When one considers a serial implementation of an integration-by-parts algorithm, the area to integrate is first divided 
into numerous sub-intervals. The procedure is then to progress, along the x-axis, and calculate the individual sub
interval areas. Although there are numerous integral approximation methods, for our purposes identifying one 
specifically is unnecessary. As an example, however, Figure 1 graphically illustrates the Trapezoidal Rule. As the 
algorithm progresses, the individual sub-interval areas are summed, ultimately providing an approximation to the 
total area under the curve or function of interest. Figure 2 illustrates simple pseudocode to implement sequential 
integration-by-parts using the Trapezoidal Rule. , · 
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float Trapezoidal ( a, b, n, .h) 
1 integral= 0 

·2 x=a 

3 integral = ( f (a}+ f ( b)) / 2 

4 

5 

6 

7 

8 

_for i = l,i < n 

lx=x+h . 

integral = integral+ f ( x) 

integral = integral • h 

return integral 

Figure 2: Trapezoidal Rule Pseudocode 

Parallel algorithm . 
. Clearly, an integration-by-parts algorithm as described in the previous section can straightforwardly be parallelized. 

Noticing the repetitiveness of the process-namely calculating similar sub-interval areas repeatedly-it is apparent 
that dividing the overall task among several processes would prove to enhance the algorithm's performance, perhaps 
even drastically. One would undoubtedly assume that parallelizing the task utilizing the resources of p processes 
would increase the performance of the task by a factor of p (or p-1, as the case may be); however, the costs 
associated with startup and communication must be considered. Ultimately, a considerable speedup is often 
observed, although slightly less than desired due to these parallelizing costs. · 

The parallel form of the serial integration-by-parts algorithm is fairly simple. Each process computes a sequence of 
sub-intervals, determined by the total number of processes available and the number sub-intervals selected. Each · 
process is given access to the function to integrate and a left and right boundary identifying the local integral to 
compute. Subsequently, each process computes its local sequence of sub-intervals, sums them up, and broadcasts 
the local solution to a master process (typically identified as p0). It should be noted that, initially, this master 
process must receive information about the problem and broadcast it to the remaining processes. Figure 3 illustrates 
simple pseudocode which describes how a process would compute its local sequence of sub-intervals. Note that the 
Trapezoidal approximation function in Figure 2 is utilized here. 

THE PETRI NET 
A Petri net of our system is shown in Figures 4 and 5. Analysis of the system is quite easily performed by observing 

the Petri net and its resulting reachability tree (see Figure 6). Notice that the initial _marking M
0 

= _{l, 1, p -1, 0, O} 

illustrates the following: 

• Po exists and is idle 
• data is available 
• the remaining p-1 processes exist and are idle 
• no process is currently calculatintits local integral 
• no process has finished calculating its local integral 

82 



float Computelntegral ( a, b, n) 

1 h=(b-a)ln 

2 loc_n=nl p 

3 loc_a = a+rank•loc_n•h 

4 loc_b = loc_a+ loc_n•h 

Proceedings of the 2006 IEMS Conference 

5 integral= Trapezoidal(Ioc_a, loc_b, loc_n, h) 

Figure 3: Local Process Integral Calculation Pseudocode 

With the initial marking set, only transition t1 is enabled. Note that the inhibitor arc from place Pi to immediate 
transition t1 currently inhibits the enabling of t1. This ensures that.each process has the data necessary to calculate 
its local integral. As the Petri net's legend suggests, firing transition t1 (with some sort of switching distribution) 
indicates a broadcasting of the data to the p-1 processes in placep3• Upon the firing of this transition, the 

marking M
1 
= {0, 0, p, 0, 0} describes the system, and all p processes have the data necessary to calculate their 

respective local integral; transition t1 is subsequently the only enabled transition. The firing of t1 indicates a process 

which begins to perform its local integral calculation. Given the marking }1
2 

= {0, 0, p-1, 1, 0}, only transition t1 is 

enabled, as it is immediate (and thus transition t3 is not). This aUows all processes to immediately begin calculating 
their local integral(s), and thus transition to place p4• Once every process is busy processing, any one can 

Switching Probabilitie1: 

p{t.}=1-~ 

p{fs}=~ 

Legend: 

Places 

P1 process 0 

Pl initial dlla 

PJ remaining p -1 processes 

p4 processes calculating local integral 

Ps processes finished with calculation 

Transitions 

t1 process O·broadcasts the data to the remaining p -1 procecses 

t.2 a process begins its local integral calculation 

'3 a pro~ess finishes its local integral calculation 

r. process 6 awaits the remaining p -1 processes' results 

ts a remaining process sends its result to process 0 

Figure 4: Parallel Algorithm Petri Net Figure 5: Switchi~g Probabilities and Legend to Petri Net 
subsequently complete its calculation by transitioning to place p5• With a token in p5, immediate transition t4 must 
fire. It will fire over transition t5 given the switching probabilities as defined in Figure 5. The firing probability 

p{t4 } = 1- m
1 

indicates clearly that transition t4 will fire first, since there _is no token in place p 1• Essentially, this 

returns process p0 to its starting place, allowing it to receive the calculations generated by the remaining p-1 
processes. The remaining processes can then complete their calculation, and the tokens can return to their initial 
place, indicating that each process is sending its local integral calculation to_p0 (perhaps via a gat~er operation) 
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when transition 15 fires. Note that the token initially in place p 2 representing the data has curiously disappeared. An 
arc may certainly be placed from transition 14 to place p2 replacing the data; however, in this particular example, 
transition 11 must not be re--enabled, as there is no need to repeat the procedure. Typically, the final result is 
provided to the user (by process p0), and the data is no longer·required. If, on the other hand, a second cycle is 
required, then it may be appropriate to return the data to its original place, coriseqtiently re-enabling transition 11• A 
state transition diagram of the Petri net as shown in Figure 4 for p=3 is illustrated in Figure 7. 

M0 ={l.1,p-1,0,0} 

lt· 
M 1 .. {o,o,p.o.o} 

t, ____, ------ -----=----
M, - {o,o,p-1.1,o}TM, .. {o.o.p-2,2,0}~ ----r-M. -{o,o,1,p-1,0}-r-M r+1 ={o.o,o,p.o} 

2 2 2 --
,,,.-
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!t· 
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!t, 
M,.. = {1.o.o, p - 2,1} 

!ts 
M ,+S -{1.0,1,p- 2,0} 

J 
lts 

M,r.i = (1.0,p-1,0,0) 

Figure 6: The Petri Net's Reachability Tree 
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~ 
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M8 = {1,0,1,1,0} 
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Figure 7: The Reachability Tree.for p=3 
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SUMMARY 
We have shown a very simple parallel version of a sequential integration-by-parts algorithm. Furthermore, we have 
analyzed this parallel algorithm using a Petri net of our design·. Although the Petri net is simple, it offers a glimpse 
of the uses of Petri nets in analyzing complex parallel systems. Our Petri net clearly models a parallel integration
by-parts algorithm for p processes, and allows us to thoroughly analyze each state, via the Petri net's reachability 
tree. 

An interesting aside is that analyzing a complex Petri net can be tasking, especially for a single process. Generally, 
this is due to the large number of states that such a Petri net can take on. In order to aid in solving this state space 
explosion problem, the analysis can itself be parallelized. We could conceivably be analyzing a parallelized 
sequential algorithm via a Petri net, in parallel. Caselli discusses this in detail and offers a solution in [7]. 

REFERENCES 

[I] Orama, A., Gupta, A., Karypis, G., & Kumar, V. (2003). Introduction to Parallel Computing. New 
York:Addison-Wesley. 

[2] Gupta, M., Mukhopadhyay, S., & Sinha, N. (1999, October). '~Automatic parallelization ofrecursive 
procedures". Eighth International Conference on Parallel Architectures and Compilation Techniques (PACT'99), 
pp. 139. . 

[3] Franke, B., & O'Boyle, M. (2005, March). "A complete compiler approach to auto-parallelizing c programs for 
multi-dsp systems". IEEE Transactions on Parallel and Distributed Systems, pp. 234-245. 

[4] Chu, C., & Carver, D. (1994, January). "Parallelizing subroutines in sequential programs". IEEE Software, pp. 
77-85. 

[5] Rauchwerger, L., & Padua, D. (I 995, April). "Parallelizing while loops for multiprocessor systems". 9'-h 
International Parallel Processing Symposium, pp. 347. 

[6] Marsan, M., Balbo, G., & Conte, G. (1986). Performance Models of Multiprocessor Systems. Cambridge: MIT 
Press. · 

[7] Marenzoni, P., Caselli, S., & Conte, G. (1997, June). "Analysis oflarge GSPN models: a distributed solution 
tool". 6h International Workshop on Petri Nets and Performance Models (PNPM '97), pp. 122. . 

85 



Proceedings of the 2006 IEMS Conference 

DEVELOPMENT, TESTING, AND SIMULATION OF A SMART PHONE CARD PROTOTYPE 

Jean Gourd, Paulus Wahjudi, and Lan Guo 
University of Southern Mississippi 

ABSTRACT 
We propose to develop a smart card for the purpose of storing electronic minutes for use in making telephone calls. 
As such, a smart phone card will allow consumers the opportunity to make telephone calls on public pay phones, 
cellular phones,.and home phones alike, without necessitating physical money, cellular phon~ plans, or telephone 
carriers. Our goal is to design a smart phone card applet which will maintain a balance of the cardholder's phone 
minutes and support credit, debit, and balance operations. A security algorithm will be incorporated in order to 
suppress unauthorized use of the card. · 

INTRODUCTION TO SMART CARDS 
Smart cards are booming worldwide with a very large and competitive market; however, they are not quite as 
popular in the United States as they are overseas. The definitiop of a smart card varies depending on specific 
vendors and, ultimately, its functionality. Nonetheless, a smart card can generally be viewed as a credit card sized 
or smaller plastic card with an embedded integrated circuit contaiping a microprocessor that can store and process 
data [13). A standard for smart cards is defined by the International Standards Organization (ISO) in ISO 7816, 
while ISO 14443 provides the standard for contactless smart cards, which are discussed later in this paper. The 
former al~o defines the standard production techniques for smart cards [1 lJ, such as the one shown in Figure 1. 

Figure· 1 - Smart Card Construction 

Smart cards can be used as credit or debit (A TM) cards, subscriber identity module (SIM) cards for mobile phones, 
authorization cards for pay television, high security identification and access control cards, public transportation 
tickets, etc. Moreover, smart cards may also be used as electronic wallets. The smart card chip can be loaded with 
electronic money which can be used to pay parking meters, vending machines, and merchants [8]. Cryptographic 
protocols protect the exchange of money between the.smart card ap.d the accepting machine. Examples of this are 
Proton, GelclKarte, Moneo and Quick. 

In the United States, smart cards are not as widely used as in Europe and other Asian countries. Europe has the 
largest market and use of smart cards while Asia leads the world in growth of smart card usage in the past few years 
[2). According to the Discount Long Distance Digest News; the phone company GTE plans to introduce smart 
phone cards in the United States to be used with its Millennium 2000 pay phones [7]; however, the plan seems to 
have been disban~ed when the company merges with Bell Atlantic to form Verizon Communications. At the current 
time, our research has shown no other attempts in the United States to manufacture smart phone cards. Davis [4], 
discussed that four major <;~edit card vendors (American Express, Visa, MasterCard and JCB) are committed to 
providing contactless credit cards (see Figure 2 to the global market. Their plans include the conversion of 
magnetic stripe card$ to smart cards using contactless credit cards based on the Europay-MasterCard-Visa (EMV) 
standard. Balaban [I] mentions that there are several types of smart card implementations designed for credit cards 
specifically. For added convenience an embedded smart card can be incorporated into daily items such as a cell 
phone. The example below shows a smart card integrated into the cover of a,Nokia cell phone. 
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The Department of Defense (DoD) is the largest smart card user in the United States with 3.1 million cards issued. 
According to Davis and M~in [5], President Bush plans to have a standard ID card for 7 million government 
employees and contractors that work with the government. This clearly illustrates the growth potential for smart 
card technology in the United States market. 

PROPOSED TECHNOLOGY 
We propose the use of Java Card technology to develop a smart phone card. There are two frameworks that we have 
considered: OpenCard [IO] and Java Card [12]; however, the OpenCard Framework requires an-appropriate set of 
smart cards and smart card readers. Furthermore, and more importantly, OpenCard is targeted to the terminal-or 
server-side of the smart card/terminal pair. Currently, a simulator has n~t been available for the OpenCard 
Framework. We believe that with our current knowledge and resources, obtaining a smart card reader and a small 
selection of smart cards will be more difficult; instead, we will emulate the terminal, reader, and the card and 
simulate the interactions between the pair. The Java Card Development Kit provides a mechanism that emulates the 
terminal device and provides communication between it and the Java Card applet. It is important to note that a 
smart card is merely a reactive device which responds to instructions sent by the terminal device through the CAD. 

Contact Smart Card Contactless Smart Card 

Figure 2 - Two Types of Smart Cards: Contact and Contactless 

SMART PHONE CARD ADV ANT AGES 
There are several advantages that smart phone cards provide. We analyze the advantages with respect to two groups 
whom we believe will benefit from using smart phone cards. Sections 2.1.1 through 2.1.5 show the advantages with 
regard to cardholders, while sections 2.1.6 through 2.1.8 list the advantages with respect to the vendors and service 
providers. 

Security 
The smart phone card is protected with a personal identification number (PIN). After three unsuccessful PIN entry 
attempts, the smart phone card will become locked, thus preventing unlawful usage of the card if it is lost or stolen. 
In the event that the cardholder forgets the PIN, we have incorporated a security phrase which can be used to gain 
access to the card and reset the password in an administrator mode. 

Quality of service 
The quality of service provided by smart cards provides a considerable improvement over traditional magnetic 
cards, due to the fact that they are engineered to be tamper resistant. The plastic card in which the chip is embedded 
is very flexible and will handle rough conditions, particularly a propos first time cardholders who are not especially 
careful with their card. In addition, smart cards are designed to be carried in wallets or pockets, which is a fairly 
harsh environment for a card. Furthermore, the•card is designed to be easy to use. Minimizing the amount of 
interaction required by the cardholder allows almost anyone to use the smart phone card without necessitating a 
thorough education about the device. The protocol which controls the communication between the card and the 
terminal device is standard, robust, and has been thoroughly tested by numerous companies and organizations. Our 
applet code has also been tested, including the required boundary and failure cases. 
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. Convenience 
Because everything is self contained on the card, the cardholder can in:unediately use it to make a telephone call. 
With the addition of contacless smart cards~which utilize radio frequency identification (RFID)-the cardholder no 
longer needs to insert the card into the CAD [12 & 14]. So long as the card is within 50 cm of the terminal device, 
the card will be identified. Secure smart cards can, also incorporate biometrics identification, such as thumb print or 
eye component identification. This will remove the need for PINs and make the authorization process much more 
efficient for the cardholder. 

Personalization 
Smart cards can be personalized for a specific cardholder with an image, signature, and PIN ~ shown below in 
Figure 3. This provides the ability to associate a smart phone card directly with information specific to a 
cardholder. Of course, for the sake of privacy, this can be an optional component. An example is to associate the 
smart phone card with a credit card number. The smart phone card can then be set to automatically refill when the 
balance falls below a certain, predefined amount. · The balance will be charged to the credit card, and the cardholder 
will no longer need to worry about having sufficient minutes left to make a telephone call. 

Mobility 

Sr-r1or1 Cord 

AB. 
Baddar 

EMPLOYEE: 

,.. ,,,...------......... 

Figure 3 - Personal Identification Smart Card 

Most smart cards do indeed look like a familiar credit card; however, this form is designed to mimic older magnetic 
cards. The physical size of a smart card depends on the size of the integrated circuit, which is no more than 15 x 25 
mm [9]. This allows for easy storage of the smart card. Moreover, we propose that smart phone cards must not 
necessarily be formed and look like credit cards. They may be smaller, perhaps the size of a universal serial bus 
(USB) memory stick, and rather then requiring a CAD, they may require a USB port for communication with ~e 
terminal device. 

Low cost 
Production costs of smart cards are slightly higher, than regular magnetic strip cards. In contrast however, smart 
cards have a much longer lifespan than regular magnetic cards. For vendors and service providers, the cost to 
replace failed magnetic cards is much higher than the production cost of smart cards. Moreover, the ability to have 
more features in a smart card presents substantial benefits. Mass production of blank cards, such as those shown 
below in Figure 4 will drive the production costs even lower. 

Self-containment 
The applet and data are self-contained within the smart card~ Service providers only need CADs in addition to a 
terminal device (and code on this device) in order_to accept smart cards. Depending on the application identification 
(AID) of the card, service providers can determine whether or not they can interact with a specific applet on a smart 
card. Vendors -ca11 also mass produce generic CADs that can be used for different applications and different smart 
cards. 
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Figure 4 - Blank Smart Cards 

Instant rewards for loyalty program 
These days, most companies provide some sort of rewards program which provides incentives for its customers. In 
the case of credit cards and smart cards, rewards are typically associated with the purchases a cardholder makes. 
The reward program for smart phone cards will incorporate bonus minutes that are added immediately to the current 
balance of the card upon some purchase of additional minutes. I: or example, the cardholder may receive · IO bonus 
minutes for every 1,000 minutes purchased. 

SMART PHONE CARD DISADVANTAGES 

The physical card . 
Regardless of its obvious advantages, a cardholder must nonetheless require the physical card in order to use it. Of 
.course, the card has several vulnerabilities, of which theft and damage are perhaps the most prevalent; however the 
versatility of smart cards allows for a replacement card to be fairly easily produced by any supporting vendor or 
service provider. 

The need for card acceptance devices 
Smart cards interact with the terminal device using a CAD (see Figure 5). CADs can be either contact or contactless 
and provide an interface to the terminal device. Currently in the United States, there is no widespread use of smart 
cards, and this will certainly pose a problem with respect to general public acceptance of smart cards in general. We 
believe that as the technology matures, major companies will collaborate with vendors and retailers to provide 
CADs in order to start accepting smart cards widely. 

Smart card 
Reader/ Writer 

2' -.BcisicCa~ 
·._:_ ...,.!:';.-=Cloe 
2~ . -

Figure 5 - CADs Come in Different Shapes and Sizes 

Existence of different standards and implementations 
Currently, there are different standards .and implementations of smart card technology. The ISO standards 
mentioned previously do not offer enough details to provide developers with-a fixed method and style, thus allowing 
them to easily develop smart cards for different applications; this brings flexibility to the design process. In the · 
United States, the federal government has set an aggressive timetable for deploying a uniform smart card ID for its 
employees and contractors. Nonetheless, several federal agencies with smart card programs already underway are 
resisting the proposed standard that would mean big changes. The-current U.S. program proposes the creation of 
ISO 24727, which will be the standard for smart ID cards. 
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FEATURES AND IMPLEMENTATION 

Applet code · 
The applet code that we designed is based on the Wallet applet which comes as an example with the Java Card 
Framework. Some of the components have been recycled; however, most of the code has been replaced with 
something more specific with respect to our proposed application. The applet is run as a state machine with several 
possible states: VERIFY, CREDIT, DEBIT, BALANCE, and CLEAR. VERIFY implies the verification of the user 
PIN, DEBIT and CREDIT allows the addition and removal of minutes to and from the minute balance, BALANCE 
returns the current available minutes remaining, and CLEAR clears the minute balance by resetting it to 0. It is 
important to note·that the ISO standard requires a SELECT state, which performs a selection of the applet on the 
card. This is the first command that is sent to the smart card by the terminal device. Furthermore, each applet has a 
specific AID which is assigned by the ISO. In the case of our applet, we randomly selected a particular AID. An 
AID is a sequence of 5 to 15 bytes which identifies each applet on a smart card and has the following format [3]: 

Application identifier (AID) 

5 bytes 0 to 11 bytes 

Table I. AID Format 

Our applet will have the following AID: 

Package AID 

Fi;,t a,~~"= ·~· t. ~r-~-{b~~h 
RID 0x05, 0x00, 0x0l, 0x0A, 0x0C, 0x0E ! 6 bytes 
------------------------------' 
PIX i 0x00, 0x00, 0x00 : 3 bytes 

Applet AID 
f~ ~ y~ ~~------ -

iF1elll , ahie.~ ,., ~. " 
~-, ~--· ~ ' 
1 .-.-·---· J 

i RID , ! 0x05, 0x00, 0x0 1, 0x0A, 0x0C, 0x0E ! 6 bytes 

i .. pJX __ j_OxOO, 0x0_?,: ~-~~-1___________ ~ 3 bytes . · 

Table 2. Fictitious AIDs for our applet and the applet package 

An applet running on a smart card communicates with the CAD using application protocol data units (APDUs) as 
specified in ISO 7816. Both the applet and the CAD application must agree on the selection of APDUs specific to 
the smart card. APDUs always come in pairs: command and response APDUs. The terminal application on the 
CAD sends a command to the smart card; the smart card subsequently sends a response. APDUs take on the 
following format [3]: · 
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Mandatory header Optional body 

CLA !INS jPI !Le jData field \Le 

• CLA ( I byte): Class of instruction --- indicates the structure and fonp.at for a category of command and 
response APDUs 

• INS (I byte): Instruction code: specifies the instruction of the command 

• Pl (I byte) and P2 (I byte): Instructiori parameters -- further provide qualifications to the instruction 

• Le (I byte): Number of bytes present in the data field of the command 

• Data field (bytes equal to the value of Le): A sequence of bytes in the data field of the command 

• Le ( I byte): Maximum number of bytes expected in the data field of the response to the command 
.. ~ .~~-,-,·~ 

Optional body Mandatory trailer 

Data field 1sw1 ISW2 
I 

• Data field (variable length): A sequence ofl?ytes received in the data field of the response 

• SWI (I byte) and SW2 (I byte): Status words -- denote the processing state in the card 

Table 3. Command and Response APDU Formats 

According to Zhiqun Chen of Sun Microsystems [3], a Java Card applet should incorporate a SELECT APDU 
command and one or more process APDU commands. 

• The SELECT command instructs the Java Card Runtime Environment (JCRE) to select the applet on the 
card. 

• The process commands define the commands the applet supports. 

As mentioned earlier, the SELECT APDU command is specified by ISO. The process commands are defined by the 
applet creator and must be established by both the smart card and the terminal device. For our prototype, we will 
support the following process APDU commands in addition to the SELECT command: .. VERIFY 

• CREDIT 

• DEBIT 

• GET_BALANCE 

• CLEAR 

In terms of security and limits, we have the following invariants (note that all minimums are O unless otherwise 
specified): 

• The maximum minute balance is 32,767 minutes 
• The maximum single credit amount is 5,000 minutes 
• The maximum single debit amount is 127 minutes 

· • The minimum PIN size is I digit 
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• The maximum PIN size is 8 digits 
• The m~ximum number of PIN entry attempts is 3 

Additional features 
Given that after three unsuccessful PIN entry attempts the card is subsequently locked, we must provide a 
mechanism which unlocks it in the event that such a function is required. To accomplish this, we propose to 
incorporate a verification phrase within the smart phone card which will further identify its owner. For instance, a 
cardholder may opt to use the word chair as his or her verification phrase. In the event of a locked card, the 
cardholder may have it unlocked so long as this phrase is correctly specified. Of course, the verification phrase has 
no specific content limits; for instance, one's social security number or name may be used. 

DEVELOPED TOOLS 

Terminal emulator (front-end to the JCWDE} 
In order to demonstrate the power and effectiveness of our proposed smart phone card, we have implemented a 
front-end to the JCWDE. Essentially, it emulates a terminal device. To be more robust and flexible, we have opted 
to make this terminal device multi-functional, in that it serves the developer, distributor, and consumer 
simultaneously. In a production environment, however, separate terminal devices should be selected in order to 
ensure security and privacy. It is important to note here that the JCWDE essentially-simulates the applet as if it were 
running in the read only memory (ROM) of a smart card, in that it emulates the card environment. 

We have chosen to design our terminal emulator in Visual Basic .NET 2003 ·for several reasons. Initially, we 
observed the need for fast and easy development of a graphical user interface (GUI). Visual Basic is, indeed, 
optimal in this respect. Furthermore, the language lends itself very well to the rapid development of code for use in 
a prototype environment; however, the transition to a production environment may compel the selection of an 
alternate design language such as C++. · 

The terminal emulator simulates a terminal/smart phone card environment and is, essentially, a full environment 
simulator. It takes human decisions in the form of button clicks and selections as input and generates rather cryptic 
output for use in the JCWDE. Initially, it is this reason that the terminal emulator was designed. The input required 
by the JCWDE is difficult to understand because it is entirely in hexadecimal. Our terminal emulator creates this 
automatically, thus eliminating the obscurity. 

Batch file script 
Noticing the many steps required to progress from Java applet code to simulated output, we were compelled to 
produce a batch script to automate this process. Initially, it served as a·simple time-saving tool; however, later.in the 
design process, we realized its ultimate power. Specifically, it allows seamless transition from the terminal emulator 
to the JCWDE simulator provided with the Java Card Framework. Furthermore, it provides an easy way to compare 
the input file generated by the terminal emulator with the output generated by the JCWDE and the output parser 
(which is discussed next). 

Batch file language was used for the design of the batch script due to its easy integration into the Windows 
environment. Moreover, the language is flexible and particularly powerful, especially when multiple different 
program executions are required. · · · 

Output parser 
As mentioned earlier, the JCWDE takes cryptic input and generates cryptic output. In order to more easily 
determine the output generated, we opted to create. a parser which would take the generated output and convert it 
into something more readable and understandable. Essentially, the output parser determines the instructions and 
responses generated by both the terminal device~ and the smart phone card, and converts their hexadecimal notation 

· into words, thus forming more comprehensible output. 

For the reasons specified in the terminal emulator's case, we selected Visual Basic as the language of choice for this 
application. In this case, however, we utilized Visual Basic 6.0 which does not include the .NET Framework. This 
specific decision is not particularly important; suffice it to say that the two versions of the language are significantly 
different, particularly with respect to the object oriented paradigm. Occasional practice with both is often beneficial. , 
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THE FUTURE OF SMART PHONE CARDS 

Due to time limitations, there are limits to what we can implement into our prototype. Here we discuss the features 
that can be incorporated in the future with respect to our smart phone card prototype, but are not included in our 
current prototype. · · 

Radio frequency identification 
By incorporating RFID into our smart phone cards, we can have a contactless phone card that does-not require the 
cardholder to insert the card into a CAD. Provided that the cardholder and his or her smart phone card are within the 
appropriate range of a CAD (50 cm), .a connection will be established. Ther~ are some concerns in using RFID for 
such transmissions due to the fact that there have been some occasions where individuals have intercepted 
transactions in order to gain personal and valuable information. We feel that since people make phone calls in 
different locations, the possibility of hacking a smart phone card is relatively minimal. Several other related hacking 
instances ofRFIDs have been done at specific locations where RFID devices are in constant use (such as banks and 
offices). In addition, by incorporating two-way or multi-communication smart cards (see Figure 6), the cardholder 
will have the option to either use RFID for contacless connection or to insert the card into the terminal-as is the 
current case-for a more secure connection. 

Contact terminal Contactless an1enna 
\. __ ,, .·· 

\.. . .... ' ,,.,., .... y -,,~.-,•.. < .., • ..,, /.""",,., ·. 

IC module 
Figure 6-2-Way (Contact and Contactless) Smart Card Design 

USB connectivity with web access 
In order to integrate the smart phone card with a computer and to promote further ease of use, we plan to incorporate 
the smart card USB reader [6] in the future as exemplified in Figure 7. This will allow cardholders to check their 
smart card information without having to go to a terminal; instead, they can insert their USB smart phone card into a 
spare USB port on their computer. In addition, the cardholder can perform online transactions to add additional 
minutes to the smart phone card. 

Automatic balance refill 

-

~.;i10. '< °a~ 
j&>\ \ ' . ...... : 

Dime·nsions: 62mm x 20mm x 8mm 
Weight 8 g 

Figure 7 - USB Reader for Smart <;:;ards 

· As mentioned earlier, we can associate individual smart cards with specific cardholder information (such as credit 
card number). By doing this we can implement an automatic refill system, such that when the minute balance 
reaches a certain target limit, it is automatically refilled. This feature will allow the cardholder to continue talking 
without fear of being disconnected. 
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Biometric security 
In addition to· a user PIN and keyword phrase protection, we can also include a biometric identification mechanism 
into the smart phone card. To achieve this, the smart phone card will contain the thumb print of the cardholder. The 
cardholder will then need to authenticate their ident-ity using a biometric smart card reader, as shown below in 
Figure 8. When authenticated, the cardholder will be able to continue to use their card normally. 

Figure 8 - Biometric Smart Card Read~r 

Storing the biometric information in the highest detail may not be· possible due to the limited eight kilobytes of 
memory on a single chip. To increase the memory capacity, we envision the usage of a dual chip smart phone card 
which can then be used to store the necessary and high-detail biometric information. Furthermore, biometrics spans 
a rather large area. Fingerprint identification is not the only method which is currently in use; for example, voice 
recognition and eye component identification are other common forms of biometric identification. 

SUMMARY AND CONCLUSION 
During the course of developing the prototype, we have found that developing an embedded system has more 
challenges than a regular software system. Although we did not use model-based programming, we understand how 
a large and complex embedded system can be very difficult to develop. We also tested our smart phone card using 
several additional tools that we developed in conjunction with. the simulator provided by the Java Card Framework. 

The tools we created are a feat alone and facilitate the ability to debug and test the smart phone card in order to 
make all the necessary adjustments for maximum performance and ease of use for the consumer. The terminal . 
emulator could also be utilized as the actual application in the terminal device, because it encompasses all of the 
instructions required to interact with ' the smart phone card. Moreover, we were able to develop and test the smart 
phone card extensively without producing the physical smart phone card itself. Without having to produce the 
physical card, we have thereby reduced the development cost for this embedded system and simplified the 
development for future embedded systems. 

In conclusion, the idea of smart cards offers an environment rich with features that can be useful in many different 
applications. · The concept and implementation of smart cards is superior to any ·existing card technologies. Our 
smart phone card would have an obvious advantage over current public communication systems; 'no need to find 
coins, no long distance card and access numbers to remember, and no fear of running out of minutes while in a 
conversation. All one must do is just swipe and go. Smart phone cards also provide a reliable solution for 
uninterrupted and clear communications, perhaps even more so.than cell phones in some cases. 

All of our research -0n the various card technologies available concede that smart card advantages far surpasses 
· current technologies, while its disadvantages are inert to any other card technologies and thus are negligible. As an 
example, the smart phone card that we propose can easily be extended into a payment mechanism for different 
purchases as long as a necessary and properly programmed.CAD and tenninal device are available to vendors, 
service providers, and cardholders. 
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FEATURE CLUSTERING TO MEASURE CLUTTER IN ELECTRONIC DISPLAYS 

Maura C. Lohrenz, Geary J. Layne,"Stephanie S. Edwards, Marlin L. Gendron and Jerome T. Bradley 
Naval Research Laboratory, Stennis Space Center 

ABSTRACT 
A technique is presented to cluster geospatial features on an electronic display and determine a meaningful measure 
of display clutter. An algorithm previously developed by the Naval Research Laboratory (NRL) to cluster objects in 
sidescan imagery has been modified to cluster any displayed features in three dimensions: geospatial location (x, y) 
and color (z). This paper presents preliminary results of the clustering algorithm and cluster density calculations for 
a series of electronic displays with varying levels of clutter. · The clutter metric correlates with preliminary, 
subjective clutter rankings. Our next step in validating this method will be correlating the metric with user 
performance. 

INTRODUCTION 
Objective 
The objectives of this project are to develop a reliable technique for measuring clutter in navigation displays ( e.g., 
electronic charts) and to link this clutter metric to the performance of a person using the display. The metric then 
could be used in the evaluation of n_ew displays to determine the optimum amount of information that should be 
displayed, based on user requirements. 

Background 
The Navy is implementing electronic charts throughout the fleet and has already installed moving-map displays in 
many of its aircraft, including the F/A-18 and AV-8B. As new sources of information become available for display, 
and as new and innovative display techniques are developed, there is a tendency to display everything that might be 
of interest to the user. These new displays introduce potential human factors' issues with regard to the ability of the 
user to access and interpret the displayed information. Many studies have linked display complexity to user 
performance, especially in terms of a pilot's ability to utilize the displayed information ( e.g., Aretz, 1988; Schons 
and Wickens, 1993; Wickens and Carswell, 1995). The last two reports found that display clutter can disrupt a 
pilot's visual attention, resulting in greater uncertainty concerning target locations. When a moving-map scrolls at a 
high rate of speed, as in the case of a large-scale cockpit dispiay in a fighter jet, the chart's effectiveness can 
decrease substantially. As nautical electronic charts become more· commonplace in the Navy, similar problems can 
be expected to arise for this user community as well. 

While researchers have demonstrated a link between user performance and the presence of so-called "clutter" 
(which can include both the overcrowding of otherwise important information as well as unwanted data or noise), 
we still lack a reliable method of automatically quantifying display clutter in a way. that can be empirically tied to 
performance. 

APPROACH 
Hypothesis . 
We theorize that our perception of clutter is primarily related .to saliency and color uniformity, Saliency refers to 
how clearly one color or feature ''pops out" from the surrounding features in an image, which we estimate by a 
weighted average of color gradients between adjacent features. Colo~ uniformity refers to how closely-packed are 
similarly-colored pixels within the image. To discover tl).is value, we have adapted a clustering algorithm, which we 
originally developed to cluster seafloor objects detected in sidescan sonar imagery. The algorithm clusters features 
detected within a predetermined geospatial distance from each other, produces vertices for a bounding cluster 

. polygon, and calculates the cluster's density as the number of cluster~.4 features divided by the area ·of the polygon. 
For this project, we adapted the clustering algorithm to operate in 3D space, where the third dimension is color. Our 
"color uniformity" value is- then derived from the density of similarly-colored pixels within a 3D cluster (e.g., 
density= a weighted number of points within the cluster dfvided by the cluster's volume). 

We describe image clutter in terms of both .local and global clutter components. A Local Clutter Metric (LCM) 
described in this paper represents the contribution of one color or feature to the overall image clutter, and equals 1 
minus the weighted average (by area) of the densities of all clusters centered on that color or feature. A Global 
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Clutter Metric (GCM) represents the overall image clutter, equal to the weighted average of the LCM's for all colors 
or features in the image. 

Figure 1 illustrates our proposed clutter function, in terms of saliency and LCM/GCM. The following sections 
describe in more detail how each of these metrics is calculated. 

"6) Highest duuer: '"'" : -MC)dera1e-to-hlgh many small, "" 
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Figure 1. Clutter as a function of saliency and LCM (for local clutter) or GCM (global clutter). 

3D Clustering using Geospatial Bitmaps (GB} 
The original clustering algorithm relies on a geospatial bitmapping (GB) technique patented by NRL in 2001 
(Gendron, et. al, 2001). The clustering algorit~ itself was disclosed to the NRL Legal Office as another potential 
patent in June 2003 . The algorithm is unique in that it is an autonomous, computationally efficient "single-pass" 
method and operates on a user-defined area of interest. The algorithm performs the following tasks: l) cluster 
features by 2D geospatial location; 2) smooth and simplify the resultant cluster boundaries ( optional); and 
3) calculate a numerical measure of "cluster density," which considers the number and size of objects clustered in a 
given area, as well as the scale or resolution of the complete dataset. An enhancement to the original algorithm for 
this project is the ability to cluster features-in three or more dimensions: two geospatial (x, y) dimensions plus a third 
(z) dimension such as color, size, or feature type. This paper presents preliminary results of clustering by geospatial 
location and color. 

The clustering algorithm discussed in this paper is a non-hierarchical algorithm similar to - but more efficient than -
Nearest Neighbor {NN), which iteratively calculates and compares the distances between every pair of elements in 
the dataset to determine which elements should be clustered together. The GB algorithm is non-iterative, faster, less 
computationally intensive, and requires less computer memory than NN. The authors suggest that the GB algorithm 
is well-suited to autonomous clustering applications, because the ordering of elements input to the GB algorithm has 
no effect on the resulting clusters (unlike NN and other single-pass methods), and the GB algorithm does not require 
a seed point to initiate clustering (unlike K-means and other relocation methods). · -

The GB algorithm uses simple bitmaps - with a depth of one bit per pixel - which are binary structures ( e.g., binary 
images) in which bits are turned on (set= 1) or off (cleared= 0). The index of each bit is unique and denotes its 
position relative to the ·other bits in the bitmap. In a 2D bitmap, each bit is indexed by its column (x) and row (y); in 
3D, each bit is indexed by x, y, and depth (z). A set bit indicates that an element of interest exists at that location, 
accurate to within the resolution of the bitmap. A cleared bit indicates the absence of any element at that location. 
Although a GB can be defined for an entire finite space, memory is only allocated - dynamically - when groups of 
spatially close bits are set, resulting in a compact data structure that supports very fast Boolean and morphological 
operations. 

For this project, 3D bitmaps were used to cluster the pixels in an image of interest, based on geospatial location (x, 
y) and color (z). A separate clustering was performed for each color in the image. For example, figure 2 illustrates 
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the results of clustering the shoreline pixels (darker brown color) in the sample image (left). All pixels within a 
geospatial distance of I (x and y) and a c~lor distance of 9 (u_sing the Commission Internationale d'Eclairage (CIE) 
L*a*b* color space) are included in the clusters, which are shown in green (right). In this case, the resulting clusters 
only contain the shoreline pixels themselves. If z were increased to I 0, every pixel in this image would be contained 
in a single cluster, because every pixel in this image is immediately surrounded by pixels that are within a color 
distance of IO in CIEL *a*b* space . 
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Figure 2. Example of clustering by geospatial location and color: all pixels within a predetermined 
distance in geospatial (x=1, y=1) and color (z=9) space of the shoreline pixels (brown pixels in the original 

image, left) are clustered together. The resulting clusters are shown in green, right. The zoomed-in 
section shows a detail of the pixels being clustered. 

Calculating Cluster Density 
After clustering all pixels in the image into bounded polygons for a given "seed color'' s, a cluster density Op is 
calculated for each cluster polygon p: 

Op = I;(WeNe) / Ap where: 
We= Weighting factor for color c 

=I-Ee/M 
Ee = Euclidean distance between colors c ands in the chosen color space; e.g., for CIE L*a*b: 

= SQRT [(le- Ls/+ (ae - as/+ (be - bs/J 
M = Maximum distance between colors in chosen color space 
Ne = Number of pixels of color c in the cluster polygon · 
Ap = Area of cluster polygQn p 

The color of each pixel in the cluster will be within a color distance of z from all immediately surrounding pixels in 
the cluster, starting with pixels of color s. In other words, the cluster will "chain" pixels together to form the 
cluster, starting with each pixel of color s and subsequently including all other pixels within a geospatial distance of 
x, y and a color distance of z. If z = 0, then Op = Ns / Ap. 

Note the inverse re_lationship between clutter and "density" as it is used here: higher density tends to predict lower 
· clutter, since density describes how closely-packed like-pixels are in the image. 

Local and Global Clutter Metrics 
Local density (Os) estimates how much an individual seed color (s) contributes to the overall clutter of the image. 
Os is computed as the weighted average of the densities for all clusters centered on colors: 

Os = I;(Op Ap) / As where:-
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Op = Density of cluster p (described in the previous sectiqn) 
As = Sum of areas of all clusters for color s 
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Global density (01), which estimates clutter for the entire image, ·is computed as the weighted average of the local 
clutter densities for all colors in the image: · 

01 = l:(Ds As) / A, where: 
Os = Weighted average of clutter densities for all clusters centered on color s ( described above) 
A1 = Sum of all As's for .image i. 

We will refer to (1- Os) as the Local Clutter Metric (LCM) for colors, and (1- D1) as the Global Clutter Metric 
(GCM) for'image i. 

Saliency _ 
We estimate the local saliency of a given color or feature as a weighted average of the color differences between 
each color or feature of interest and immediately adjacent colors or features. For example, if one feature in the 
image ( e.g., a yellow lighthouse symbol on a nautical chart) is completely surrounded by another feature ( e.g., solid 
blue water), we would estimate the saliency of the lighthouse as the Euclidean distance between these two colors 
(yellow and blue) in a pe_rceptually representative color space. If this lighthouse symbol were placed on a shoreline 
(brown), such that 40% of the lighthouse symbol was bordered by the blue water, 40% by tan land, and 20% by the 
browp. shoreline, we would estimate the saliency of the lighthouse by 0.4*(blue-yellow) + 0.4*(tan-yellow) + 
0.2*(brown-yellow). Global saliency is estimated as the weighted average of the local saliencies .for all colors (or 
features) in the image. Greater color distances result in greater saliency. 

Figure 3. · CIE L*a*b* color space, with colors from a sample electronic 
display plotted using the ColorSpace program (Colantoni, 2005). 

The choice of an appropriate color space is central to this theory. Unfortunat_ely, no single color space has been 
shown to perfectly model human visual perception. For this paper, we chose the CIE L *a*b* color space (pictured 
in figure 3), but we are continuing to search for improved options. 

RESULTS 

Clutter Metrics for Sample Chart Series 
Figure 4a presents a sample image (a nautical chart) comprised of 9 primary features _and 18 total colors. Figure 4b 
shows the LCM for each color component and each feature in the image. ·The LCM does not account for saliency, 
which might explain why certain features ( e.g., the green feature off the northeast comer of the small island) are 
listed with higher clutter values than expected. 

Figure 5 presents the GCM for five different charts in this nautical chart series. As more features are added to the 
chart, the GCM increases, indicating higher levels of clutter. · 
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Figure 5. GCM for five charts in a nautical chart series. 

Correlation between Subjective Clutter Ratings and Saliency, LCM, and GCM 
As a first attempt to ascertain whether the proposed clutter metrics corresponded at all with perceived clutter (prior 
to receiving approval to perform huinan subject trials), the first author rated the individual features of several 
images, to indicate how much each feature contributed clutter to the image, according to the following rudimentary 
rating scale: 

Low clutter: feature contributes very little clutter to image 
Medium clutter: feature contributes some clutter to image 
High clutter: feature contributes substantial clutter t~. ~age 

For 330 features rated from 28 images, the probability that a correlation between subjective ratings of local clutter 
and each tested clutter metric (alone) was due to chance was p<0.0001 (x.2 = 314.3) for LCM, and p<0.0001 (x.2 = 
27 .9) for salience .. An-ordinal logistic fit of the ratings with a combination of both metrics was slightly more 
significant than with the LCM metric alone (x.2 = 316.3). Figure 6 plots local salience figures vs. LCM, with each 
data point colored according to its subjective clutter rating. · 
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Figure 6. Comparison of subjective clutter ratings with local saliency vs. LCM. 

Likewise, the author rated the images for how cluttered, overall, each appeared: 
Low clutter: very easy to read image 
Medium clutter: can read some information on the image; other information is hard to disc~rn 
High clutter: difficult to make sense of the image 

For 28 images, the probability that a correlation between the subjective ratings of global clutter and each tested 
clutter metric (alone) was due to chance was p<0.0001 (',.,2= 25.4) for GCM, and p< 0.05 (x2 = 4.1) for salience. An 
ordinal logistic fit of the subjective ratings with a combination of both metrics was more significant than with either 
metric alone: p<0.0001 (x2 = 38.0). Figure 7 plots global salience figures vs. GCM, with each data point colored 
according to its subjective clutter rating. 

Of course, with only a single subject, these results are very preliminary. A follow-on study is underway to collect 
subjective ratings from a larger user population for comparison with these clutter metrics. 
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♦ Low clutter 

Figure 7. Comparison of subjective clutter ratings with global salience vs. GCM. 

DISCUSSION 
The theory proposed at the beginning of this paper appears to have merit: a preliminary subjective evaluation of both 
local and global clutter seems to correlate with the LCM and GCM values, especially when saliency is considered in 
conjunction with these metrics. Four global clutter examples are provided in figure 8, illustrating the extremes for 
GCM and salience. 

Figure 7a. Low global saliency and 
high GCM = moderate-to-high clutter. 

Figure 7c. Low global sa1iency 
and low GCM = low clutter. 
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Figure 7d. High global saliency and 
low GCM = low-to-mode.rate clutter. 
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For example, Low GCM (i.e., high color unifonnity) and low saliency tends to result in low clutter, such as in 
images with relatively large, uni.form areas that do not contrast sharply with each other (e.g., figure 7c). Conversely, 
high GCM and high saliency tends to result in high clutter ( e.g., figure 7b ). Low saliency and high GCM tends to 
result in moderate-to-high clutter ( e.g., figure 7a), in which the image is populated _with_ smaller features that don't 
contrast well and may be difficult to discern. Finally, high saliency and low GCM results in low-to-moderate 
clutter, in which relatively large features contrast sharply with each other (such as the land and water areas, clearly 
delineated by black shoreline boundaries, in figure 7d). 

The next phase of this project includes analyzing over 150 images of various types ( e.g., aeronautical charts, nautical 
charts, topographic maps, city/road maps, weather/ meteorological charts, subway maps, airport terminal maps, etc.) 
to correlate subjective evaluations of clutter with the GCM, LCM, and saliency metrics described in this paper. User 
performance studies are also planned, to detennine whether these metrics can predict performance. 
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GLOBAL INFORMATION TECHNOLOGY ASYMMETRIES: A CASE STUDY 

Shahira Ali 
The University of Southern Mississippi 

ABSTRACT 
Sophisticated telecommunication technologies have made globalization possible in today's society. However, some 
countries have more of these technologies at their disposal than do others. Many factors contribute to the level of 
technological advancement of a country. The purpose of this paper is to identify the gaps in technological innovation 
and human development level between a large number of countries. After the gaps are identified the underlying 
causes of such discrepancies are investigated, mainly the relation of technology and information to the growth of 
GDP. The source of data is the Human Development Report (UNDP 2003). 

INTRODUCTION 
Johansson and Quigley (2004), recognizing transaction costs associated with distance states that since the 1980s 
there have been a many improvements to coordinate activities across space. The improvements were caused to a 
great extent by the advent of developments in information technology and its widespread usage. Johansson and 
Quigley explain that as far as business is concerned, the new information technology has reduced the real cost of 
communication across distance, as reported by The Economist ( 1999), as ~ell as allowing the coordination of spatial 
arrangements of activities not possible in times past. · 

Aside from benefits to business, the new technologies provided diversification in consumption. Johansson and 
Quigley give the example of the possibility of viewing French films that were, in the past, only available in 
reasonably large cities, but now available for any isolated consumer, thanks to new technologies. Other examples 
are accessibility of out-of-print books and participation in competitive chess tournaments online. 

Clark, Rycroft and Doed (2003) address in particular the use of the World Wide Web by college students. They 
state that out of five million full-time students in four-year colleges in the United States, 90 percent use the Internet 
daily. Many classes have Web pages and professors routinely make lecture notes and research materials available 
onJy online. Students use the Internet for research and for connecting with old friends and making new ones. The 
Internet has also made possible the creation of new markets. In January 2001, $3.8 billion in transactions were 
made using the Internet. Also in the same month, 169 million people in the United States had access to lntei:net 
either at home or at work. By the year 2003, it is estimated that 774 million people around the world will have 
access to the Internet. 

Many people view technology as a tool that makes life easier through such things as automation. While the above is 
obviously true, technology has a much greater effect on its users and on the economy at large. Although economic 
progress is often measured through numerous methods, many people tend to underestimate the influence technology 
has on economic development. A statement made by Nobel Prize winner Robort Solow illustrates this perception 
clearly "You can see the computer age every where, except in productivity figures" (Edwards 2002). Earlier studies 
of the U.S business sector confirmed this point of view. Studies by Stephen OltHer and Daniel Sichel (1994), Erik 
Brynjolfsson ( 1993 ), and Dale Jorgenson and Kevin Stiroh ( 1995); demonstrated that information. technology had 
little impact on U.S. overall growth in the 1970s, 1980s, and first part of the 1990s. During these times such issues 
as public infrastructure, transportation infrastructure, and changes in the nature of modem spatial transaction costs 
have been looked upon as playing a major role in regional development. Evidence suggests that the heavy 
infrastructure investment in the United States in the 1950s and 1960s was a fundamental factor in that period's 
strong economic· performance (Aschauer 1989, 1990). The vast majority of analytical work on the regional 
·development role of infrastructure has focused on transportation infrastructure. According to Mccann and Schefer 
(2004), transportation investments can affect the regional economy in two different ways. First, the transport system 
affects the movement of people within a region. This largely influences how the various components of the regional 
economy relate to each other. Secondly, investments in the transportation system can affect the economic ties 
between a region and the outside world. Following this line of reason, a high level of connectivity establishes strong 
inter-regional linkages with external firms and- customers. However, insufficient transportation infrastructure leads 
to a lack of connectivity and therefore a lack of choice, innovation and intellecµial opportunities for the development 
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of such geographic linkages (Vickerman, 1996). Although the above methods of analyzing economic growth have 
worked in the past, in today's information age the affect of technological innovation cannot be ignored. 

Although many earlier studies revealed that technological innovation had little significant impact on economic 
development, in today's information driven economy that is no longer the case. Even though businesses had poured 
in billions of dollars into infonnation technology before the mid- l 990s, it had little impact on the overall economy. 
This is largely due to the lag of the positive effects of technology. Although an innovation may be created one year, 
a country will not fully reap the benefits of that innovation until a few years later when the technology is fully 
exploited. Take for instance the computer. Computers have been around for quite a while, yet, until recently, they 
left little imprint on the overall economy. However, as the use, efficiency, and speed of the computer increased so 
did its role in boosting a regions economy. 

Since the 1980s technological developments in information technology have had a profound affect on the dramatic 
improvements in the ability of decision makers to coordinate activities across space. Although such activities are 
now often taken for granted, the new information technologies have reduced the real costs of communicating across 
distances. According to Mccann and Shefer (2004), greater quantities of information can be transmitted at a much 

· lower cost than was previously possible through information technologies using satellite and fiber-optic technology. 
New information technologies also allow decision-makers to undertake the coordination of spatial arrangements of 
activities previously not possible. Mccann and Schefer give as a prime example international accounting. For 
instance, a bank in New York may transfer their bookkeeping requirements overnight to firms m Dublin. This will 
allow the bank in Dublin to update them in time for the opening of the money markets the next day. However, such 
transactions are not limited to the industrial sector. The supply of information-based services across global space 
appears unlimited for the service industries (The Economist 1999). · 

In a speech before the National Technology Forum, The Federal Reserve Chairman Alan Greenspan discussed the 
crucial role that technology has played in the rising US economy. According to Greenspan (2000), new 
technologies that have evolved from the cumulative innovations of the past half century have now begun to bring 
about dramatic changes. From the way goods and services are produced to the way they are distributed to the final 
consumer, the dramatic change in the business industry can be largely attributed to technological innovations. 
Greenspan (2000) believes that the essential contribution of information technology is the expansion of knowledge 
and the reduction of uncertainty. He states that prior to information technology, businesses has limited and delayed 
knowledge of customers' needs and of the location of inventories flowing through their supply chain. Now 
suppliers, retailers, and custo~ers know exactly where each product is at any point in time due to virtual supply 
chains. Through the use of information technologies, decisions can be made based on current up-to-date 
information, instead of from information that could be hours, days, or even weeks old. 

The influence of information technology has gone far beyond the factory floor and distribution channels and can 
now be felt in many sectors of the economy. For instance, the time and cost required to design items ranging form 
cars to airplanes to skyscrapers has been dramatically reduced through computer modeling. Medical diagnosis have 
become more reliable, more thorough, and much faster then in previous years as the ability to store and process huge 
amounts of data have been invented. According to Greenspan (2000), the financial sector has also seen great 

' improvements due to technological innovation. Financial instruments have been developed that allow risk to be 
reallocated to the parties most willing and able to bear that risk. Greenspan notes that although the risk. inherent in 
real assets cannot be reduced, technology allows them to be redistributed in ways that encourages more investment 
in real assets. More investment leads to higher productivity and standards of living. It is through information 
technology that the creation, valuation, and exchange of these financial products are made possible on a global level. 
In this paper, we use both a static model and a dynamic model to analyze the impact that technology has on GDP 
and GDP growth. 

While the pictures drawn above lend to an optimistic view of the accessibility of the new information technologies 
to producers and consumers, there is the question of the uneven distribution of these technologies among countries. 
Kim (2003) points to the fact that such an uneven distribution creates serious gaps between and within countries . 
. This question is also investigated in this thesis. 

. , 
The purpose of this paper is to identify the gaps in technological innovation and human development level between 
a large number of countries. After the gaps are identified the underlying causes of such discrepancies are 
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. investigated, mainly the relation of technology and information to the growth of GDP. The source of data is the 
Human Development Report (UNDP 2003)._ The variables under consideration are: 

(1) ·Telephone Mainlines per 1,000 people (TM) for t"990 and 2001, 
(2) Cellular subscriber per 1,000 people (CS) for 1990 and 2001, 
(3) Internet users per 1,000 people (JU) for 1990 and 2001, 
(4) Patents granted for residents per million people (PG) for 1999, 
(5) Receipts of royalties and license fees, US dollars per person (RL) for 2001, 
(6) Research and developments expenditures as percent of GDP (RD) for 1996-2000, and 
(7) Scientist and engineers in R&D per million people (SE) for 1996-2000. 

Two methods are utilized to determine the gaps among and between groups of countries categorized according to 
UNDP (2003) by three human development levels-high, medium, and low. The first approach, when data are 
available, is to compare each group over two periods of time as well as to compare the three groups for each of the 
seven variables outlined above. This approach will tell whether differences over time between and among the same 
groups for the three different groupings are significantly different. 

The second approach is to use the concept of convergence, data permitting, to find out whether the differences are 
narrowing over time. According to Cheshire and Malecki (2004), poorer countries with an abundant supply of labor 
catch up economically with rich countries with an abundant supply 'of capital. 

After analyzing the gaps among and between countries categorized by human development levels, the impact of 
various technologies on GDP and GDP growth will be discussed. · Simple and multiple regressions were used to see 
if there was indeed a relationship between the variables. 

THE VARIABLES UNDER CONSIDERATION 
Because there is no way to predict the exact influence of every technological innovation, for this study three 
different technologies and four different inputs into technological innovation were examined and served as proxies 
for technology and information. The variables under consideration include the number of telephone mainlines, 
cellular subscriber, internet users, patents granted, recipients of royalties and fees, research and development 
expenditure, and the number of scientist and engineers in each country. The effects of each of these technologies 
impact on a nation's economic growth wiJI be examined later ~ill be examined later. The importance of each will be 
discussed further here. · 

Because the benefits of technological innovations are often not experie~ced until years after its original 
implementation, it was important to pick a mix of technology that represented each stage of the technology life · 
cycle-telephone mainlines, cellular,subscribers, and Internet users. However, one particular technology may be at 
the introductory stage in one country while it at the maturity stage in another. For example, in high-development 
countries the telephone is a technology that has been around for niany years. The amount of growth that this 
technology can experience is limited due to its maturity. However, in a low-development country this technology is 
just beginning to be used in an efficient productive manner. The opportunity of growth can thus be exponential. 
When looking at more recent technologies the result is reversed. The Internet is just beginning to produce positive 
effects in high-development c·ountries. However, low-development.countries do not yet have the resource to fully 
exploit such technology and hence cannot benefit from it to the same extent. · 

The other factors that were considered can be viewed as inputs of technological innovation. These variables have a 
significant impact on the quantity and quality of the innovations being produced and thus an impact on the growth of 
an economy. The number of patents granted illustrates the importance that each country places on technological 
innovation and dewlopment. The more patents a country grants, the more emphasis it places on innovations. 

Recipients of Royalties and License.Fees 
Another variable that illustrates the importance of innovati(?n to a country is the research and development 
expenditure of each country. In this study, the research and development expenditure of each country is measured 
as a percentage of GDP. Of all the variables under consideration, recent contributions to the literature of economic 
growth have emphasized the importance of domestic R&D efforts in explaining national productivity growth. 
According to Dirk Pilat (1998), funding for R&D has declined considerably as a percentage of GDP from 1990-
1995. However, he predicts that in the next couple of years public funding for,R&D in the OCED ~ea may increase 
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slightly. The biggest increases will likely come from the Untied States the leading supporter ofR&D, and Japan, 
another important supplier of resources for public R&D. Japan is predicted to increase spending to science and 
technology by 50% between 1996 to the present. While the proposed budget in 1998 called for a 5% increase·in real 
terms. Yet, he predicts that government funding of R&D in France; Germany, and the United Kingdom, the three 
major European R&D spenders, to remain constant or slightly decline. Pilat also suggests that countries including 
Finland and Korea are planning for considerable increases. However, does increased spending in R&D translate 
into an increase in GDP? The effects ofR&D spending on each countries economic development will be considered 
further in this thesis. · ~-

The final independent variable, the number of scientist and engineers in R&D indicates the human capitol resources 
that each country inputs into its R&D efforts. Although money is important to the R&D effort, it is crucial that there 
are enough workers in place to make good use of that money. The exact effect that the number of scientists and 
engineers has on GDP will also be examined later. 

THE THEORETICAL MODEL 
The theoretical model consists of four statistical methodologies. The first three approaches attempt to identify the 
gaps in technological innovation between a large number of countries. The first three methods also analyze the 
connection between a countries human development index and its' rate of technological innovation. The first is 
testing equality of means among the three groups of countries, coded I, 2, 3, as well as all the countries for the three 
modes {TM, CS, JU) of technologies under consideration. The second is testing hypothesis of equality of means 
between the three groups for each of the seven variables ([(TM (1990, 2001), CS (1990, 2001), IU (1990, 2001), PG, 
RL, RD, SE)]), through analysis of variance. The third method measures the convergence between countries by 
regressing 200 I data on 1990 data for TM, CS, and IU. · 

The fourth approach investigates the connection that various technological innovations have on GDP and GDP 
growth. The fourth approach utilizes simple and multiple regression by regressing YI (GDP) and Y2 (GDP Growth) 
as dependent variables singly on XI, ... , Xn as well as jointly in multiple regression 
Two Sample Tests of Means · 

The null and alternative hypotheses are specified as 

Ho: µ2 = µI 
Ha: µ2 * µl, 

Where µ I and µ2 are population means for the same group of countries for the periods 1990 and 200 I, respectively. 
According to Anderson, Sweeney, and Williams (2002), the test statistic for large samples is 

- - -
Z = (xi - x2)-0 / s (xl -x2), 

Where i°I and x2 are sample means for 1990 and 2001, ands (iI-"il) is the standard error for difference between 
two means calculated by using the sample variances from samples nl and n2 for the two periods, respectively. The 
decision rule is to reject the null hypothesis if z in equation (1) exceeds z (a/2) or is less than -z (a/2), where a is the 
significance level of the test. For large samples for significance level a= .05, tlie critical points are ±z (.025) = 
± 1.96. Thus, a positive z indicates that on average, there were a statistically significant larger number of individuals 
in a group who use telephone, cellular mobile, or the Internet in the later period as compared to the earlier period. 
The reverse is true if z is negative. In this case, there was a decrease in use in the second period as compared to the 
first. 

Analysis of Variance 
Analysis of variance tests for equality of means between the three groups of countries· for TM. ( 1990, 200 I), CS 
(1990, 2001), and JU (1990, 2001), PG (1999), RL (2001), RD (1999), and SE (2001). The F-distribution is used for 
accepting or rejecting the hypothesis. · 

Convergence 
This.procedure is borrowed from Niroomand and Nissan (2002). Annual data for each set of the three diffusion 
technologies were regressed on the corresponding data of a previous period (200 I, 1990). A central assumption is 
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that two random variables Yt (the destination distribution) and Yt-1 (the origin distribution), depicting the country's 
· scores for years t and t-1, jointly follow a bivariate normal probability l~w. The conditional distribution ofYt given 
Yt-1 is estimated by least squares as · 

Y' = Yt + b (Yt-1 - Yt-1). 

y is the expected or predicted value obtained from the regression line for a country's score in a later period and Yt is 
the economy's annual mean in the later period. 
Yt-1 is the observed value and Yt-1 is the annual mean in a former period. 
Note that when ~ 1 <b<l, convergence takes place. Divergence takes place when b> 1 or b<-1, where countries 
below the mean in a former period diverge further from the mean in a later period. 

The model has some attractive decompositional properties. For instance, the difference between later (Yt) and 
initial (Yt-1), that is Yt-Yt-1, which measures for a given country the absolute vertical change, can be disaggregated 
into 

Yt - Yt-1 = (Y't- Yt-1) + (Yt - Y 't) 

The second part of the equation, (Yt-Y'), is the difference between ·an actual observation in the later period and its 
prediction from regression, which may be interpreted as the country's change in position during a period under 
consideration. When positive (negative), the indication is that a country Jias increased ( declined) relative to its 
earlier position in the hierarchy among other countries. It depicts-the extent to which the country's expected 
position from regression is greater (lesser) than expected. 

Regression Analysis 
The models used are simple regression and multiple regression. The simple regressions are 
Y1 =bO + btX1 
Y2 =b0 + btX1 

and multiple regression 
Y 1 = b0 + btX1 + X + ... 
Y2 = b0 + btX1 + b2X2 + ... 

where Y1, Y2 stand for GDP/Capita and Growth of GDP/Capita respectively and X1, . . . , Xu are the explanatory 
variables as described in the introduction. 

EMPIRICAL RESULTS 
The Digital Divide . , 
The appendix gives a complete listing of the countries, their development code, and the number of telephone 
mainlines (1990, 2001), cellular subscribers (1990, 2001), Internet users (1990, 2001), patents granted, receipts and 
licenses, research and development, and scientists'and engineers. When comparing countries with different 
development rankings, the differences can be colossal. For instance, in 2001 Denmark, a highly developed country, 
had 722 telephone mainlines, 740 cellular subscribers, and 429.5 Internet users per 1,000 people. Denmark also had 
3,476 scientists and engineers devoted to research and development. On the other hand, Chad, coded 3 on the 
development scale, had 1 telephone mainline, 3 cellular subscribers, and .5 "Internet users per 1,000 people. No 
numbers were available on the number of scientist and engineers in Chad, or even the percentage spent on research 
and development. Although the differences are great now, a greater concern deals with the widening gaps between 
the two groups (rich and poor) in the future. · 

Table 1 shows the -~verage change in number of telephone mainlines, cellular subscribers, and Internet users from 
• 1990 to 2001. While all three technologies experienced a tremendous ;upount of growth, when looking at all the 
countries together, the amount of cellular received the largest increase. In 1990 the average number of cellular 
subscribers was only 4. In 2001 that average increased to 216, a 5,300% increase. The average increase of Internet 
Users was not fall behind at 2,333.3%. However, when compared to the increases in cellular subscribers and 
Internet Users, the-increase in telephpne mainlines looks minuscule. In 1990, the average number of telephone 
mainlines was 125 per 1,000. In 2001 that average increased to 197 per 1,000, a 58% increase. 
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Table 1 
Average of Diffusion and Creation of Technology 

Classification TM cs IU PG RL RD SE 
1990 2001 1990 2001 1999 2001 1999 2001 1999 2001 

High 307 445 10 (52) 527 12 (32) · 641 103 42 (42) 2 (43) 2372 
(55) (56) (55) (55) (48) (47) 

Medium 54 (86) 110 2 (72) 88 (83) 3 (11) 32 (85) 13 (39) 20.7) 1 (28) 705 (49) 
(86) 

Low 4 (34) 9 (33) 0 (33) 13 (32) 0 (2) 4 (34) 0 (10) 1 (4) 1 (2) 41 (10) 

All 125 197 4 (157) 216 9 (45) 219 57 (97) 22 (83) 1 (73) 1382 
(174) (174) (170) (174) (106) 

Note: TM = Telephone mainlines per 1000, CS = Cellular subscribers per 1,000, IU = Internet users per 1,000, PG 
= Patents granted per one million, RL = Recipients of royalties and license fees, US $ per person, RD = Research 
and development expenditure as percent of GDP, and SE= scientists and engineers in RD per million. Values in the 
table are rounded up, and values in parentheses are number of observations. 

However, when looking at the countries by level of development, the results are quite different. High-development 
countries only experienced a 45% increase in telephone mainlines, while their Internet users increased 5,242%. For 
instance, the United States progressed from having 547 telephone mainlines per 1,000 in 1990 to having 667 in 
2001, a mere 22% increase. Such numbers appear insignificant when compared to the large growth of Internet 
usage. The United States went from 8 per 1,000 Internet users in 1990 to having 501.5 in 2001, an impressive 
98.4% increase. The above results of high-income countries can be attributed to the different stages of each 
technology. Because regular telephones are in the maturity stage of the product lifecycle, many people already have 
them and there is not a lot of room to grow. In contrast, cell phones are now becoming more popular and convenient 
and in many households are replacing home telephones. The Internet is also becoming more efficient and more 
accessible to mainstream society. 

However, in low-income countries such advanced technological innovations are not readily available to the 
mainstream. For instance, in Nepal there were no Internet users in 1990. In 2001 there were 2.6-per 1,000 Internet 
users. In contrast, the number of telephone mainlines increased from 4 to 9 per 1,000, a 125% increase. 
When looking at the medium-and low-development countries the average number of cellular subscribers and 
Internet users are much less then in high development countries. For instance, medium development countries had 
an average of 88 cellular subscribers and 32 Internet users in 2001 as compared to the 527 cellular subscribers and 
641 Internet users per thousand in high-development countries. 

Another interesting finding from Table 1 is the widening gap between different classifications. For example, in 
1990 the difference between high-development and medium-development countries was only nine per 1,000 Internet 
users. However in 2001 the difference was 609 per 1,000 Internet users. The widening gap is not exclusive to the 
Internet; it can be seen in all the variables discussed. The numbers illustrate how medium and low-income countries 
are getting left behind in the technological revolution. While in the 1990s, all countries had relatively low or non
existent access to the different technologies, in 2001 the high-development countries use of technology soared past 
the other countries. 

Table 2 
t-Values for Testing Equality of Means 

Classification Telephone Mainlines 
per 1,000 people 

. . t P-value 
High 4.30 0.0000 
Medium 4.76 0.0000 
Low 3.41 0.0000 
All 3.62 0.0000 

Note: A* indicates test not possible 
Source: UNDP (2003). 

Cellular Subscribers 
per 1,000 people 
t P-value 

14.74 .0.0000 
9.34 0.0000 

* * 
10.25 0.0000 
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Internet Users 
per 1,000 people 

t- P-value 
2.90 0.0005 
6:09 0.0000 

* * 
2.91 0.0004 
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The amount of money spent in other areas of technological development is also illustrated in Table 1. In the 37 
medium-income countries, on average there were 13 patents granted per million. In Brazil, a medium-developed 
country, there were three patents granted per million. On the other hand, in the 48 high-development countries 
sampled, 103 patents were granted per million. Austria had 159 patents granted per million, more than the average 
of the medium-and low-developed countries combined. The same trend can be seen when looking at the remaining 
variables. For instance, medium and low-developed countries combined averaged only three recipients of royalties 
and license fees per person. High-development countries account for 42. When looking at Research & 
Development, the numbers are more proportionate across the development boundaries. The high-development 
countries spent 2% of GDP, but there were 43 countries in the sample._ There were only two medium-developed 
countries, and one low-developed country sampled and both individually spent 1 % of GDP on, R&D. Although the 
amount of money spent on Research and Development may be similar between the groups, the number of scientists 
and engineers devoted to R&D is skewed. High-development countries have almost double the medium
development countries' average at 2,372. Belgium alone has 2,953 scientist and engineers in R&D per million. 

Table 2 lists the t-values for.testing equality of means. The table shows that both telephone mainlines and cellular 
subscribers are significant for all the countries together and for each income group. However, the higher p-value of 
Internet users proves that the increase/decrease of this technology is not very significant for high-income countries. 
There was some significance present in Internet users of medium-income countries. The test was not even possible 
for low-income countries because many of these countries did not have any access to the Internet in 1990. 

Table3 
F-Values for Analysis of Variance 

Variable F P-Value 
Telephone Mainlines (1990) 136.21 0.000 
Telephone Mainlines (2001) 140.34 0.000 
Cellular Subscribers (1990) 11.21 0.000 
Cellular Subscribers (2001) 158.51 0.000 
Internet Users (1990) 0.19 0.831 
Internet Users (2001) 8.77 0.000 . 
Patents Granted ( 1990) 4.98 0.009 
Recipients of royalties and license fees 5.11 0.008 
Research & Development (96-00) 14.39 0.000 
Scientist & Engineers (96-00) 12.57 0.000 

Note: Telephone Mainlines, Cellular Subscribers, and Internet Users are per 1,000. Patents granted are 
per one million. Recipients of royalties and license fees are US $ per person. Research and development 

· expenditures are a percent of GDP, and Scientist and engineers are per million. 
Source: UNDP (2003) · 

Table 3 lists the F-values for analysis of variance. The analysis tests the equality of means betw~en the three groups 
of countries. As in Table 2, Table 3 reveals that the increase in telephone mainlines and cellular subscribers, was 
significant in all countries in both years as evidenced by p-values close to zero. However, improvements in Internet 
usage were only significant in 200 I . 

. The regression results are presented in Table 4. The slope of the equation is represented as "b." The final two 
values contain the t-significance ofb; and the p-value, which tells the significance level. Table 4 shows 
convergence for telephone mainline~ for all the countries combined and each country separately, evidenced by the 
values 0<b<l. The same trend is seen with cellular subscribers, except in the low-income countries where the test 
could not be perfo:r;med due to missing data.· The conclusion from these values indicates that these two technologies 
are converging between and across countries . . For lnte_met users, the results are mixed. In high and medium 
countries divergence is seen. 
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By observing the residuals, with significance level a = O. l O the t-value for large samples is ± 1.28. Countries that 
scored the above residuals estaplished statistical significance of the change of position. The results shown in Table 
4 lists which countries had significant t-values of the residuals (Yt-Y't). The t-values are positive if performance is 
above the regression line. If so, the countries' progression was greater than expected and is denoted by a"+" sign. 
If the t-values are negative, then the countries' progression was less than predicted and is denoted by a" - "sign. 
Therefore, when comparing all countries, Croatia, Czech Republic, and Finland were among the countries that 
improved their positions in Telephone Mainlines as denoted by the "+" sign. On the other hand, Canada, Sweden, 
and France had less Telephone Mainlines than expected as denoted by the"-" sign. 

b Telep one M'. amlmes 
b t p-value 

High 0.97 18.84 0.000 
Medium 1.49 16.72 0.000 
Low 1.62 5.93 0.000 
All 1.25 45.52 0.000 

Table 4 
Convergence Results 

Cellular Subscribers 
b t p-value b 

8.30 3.35 0.002 -0.08 
47.68 3.81 0.000 -1.89 

* • * * 
18.76 9.32 0.000 0.24 

I . nternet u sers 
t p-value 

-0.18 0.861 
-1.27 0.238 

* * 
0.39 0.699 

Note: Telephone Mainlines, Cellular Subscribers, and Internet Users are per 1,000. Patents granted are 
per one million. Recipients of royalties and license fees are US $ per person. Research and development 
expenditures are a percent of GDP, and Scientist and engineers are per million. A* indicates test not 
possible. 
Source: UNDP (2003) 

· Table S 
Countries Which Experienced Significant Change in TM and CS 

Telephone Mainlines 
(+) 
Croatia 
Czech Republic 
.Finland 
Luxemburg 
Poland 
Hungary 
Saint Kitts and Nevis 
Antigua and Barbuda 
Mauritius 

(-) 
Canada 

·sweden 
France 

Cellular Users 
(+) 
Austria 
Belgium 
Czech Republic 
Netherlands 
Ireland 
Luxemburg 
Spain 
Italy 
Israel 
Portugal 
Greece 
Slovenia 
Occupied Palestine Territories 

(-) 
Denmark 
Sweden 

When analyzing the residuals of cellular users among all countries {Table 5), the same denotations are employed. 
Countries such as Austria, Ireland, Italy, and Slovenia improved their positions in cellular users. However, 
Denmark and Sweden did not live up to their expectations. The residuals for Internet usage were difficult to 
measure because 131 of the cases contained missing values. 

Technologies Impact on GDP and GDP Growth 
Table 6 illustrates the results from the simple regression tests on GDP. The slope of the equation is represented as 
"b." The final two values contain the t-significance ofb, and the p-value, which tells the significance level. The 
table shows that in all countries the number of telephone mainlines in both 1990 and 2001 have a significant positive 
effect on a country's GDP as evidenced by a P-value of 0.000. The number of cellular subscribers also has a 
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significant impact on GDP. However, the amount of Internet users a country has does not significantly impact GDP. 
Both Internet users in 1990 and 2001 had high P-values, 0 .713 and 0. ~57 respectively. The remaining technological 
variables did have a significant impact on G-DP in all countries as evidenced by p-values close to zero. The results 
of the multiple regressions on GDP are shown in Table 7. 

Table 6 
Simple Regression Results: Technologies Affect on GDP 

b t P-value 
TM(l990) 49.4 26.18 0.000 
TM (2001) 37 22.76 0.000 
cs (1990) 424 7.45 0.000 
cs (2001) 28.0 19.72 0.000 
JU (1990) -14.9 -.37 0.713 
JU (2001) 1.02 1.42 0.157 
PG 30.7 4.72 0;000 

RL 117 8.50 0.000 
RD 8441 9.57 0.000 
SE 2.38 5.74 0.000 

Note: TM = Telephone mainlines per 1000, CS = Cellular subscribers-per 1,000, JU = Internet users per 1,000, PG 
= Patents granted per one million, RL = Recipients of royalties and license fees, US $ per person, RD = Research 
and development expenditure as percent of GDP, and SE= scientists and engineers in RD per million. Values in the 
table are rounded up. The values include all countries. Source: UNDP (2003) 

Table 7 
Multi I R pe e2ressmn R esu ts: ec no 021es ect T h I • Afli on GDP 

Technolo2ies t-score 
TM (2001) 4.40* 
cs (2001) 1.04** 
ru (2001) -.79 
PG 1.02** 
RL 2.67** 
RD -.85 
SE .11 

Note: TM = Telephone mainlines per 1000, CS = Cellular subscribers per 1,000, JU = Internet users per 1,000, PG 
= Patents granted per one million, RL = Recipients of royalties and license fees, US $ per person, RD = Research 
and development expenditure·as percent of GDP, and SE= scientists and engin~rs in RD per million. Values in the 
table are rounded up. The values include all countries. An * denotes significance at 5%. A ** denotes significance 
a 15%. Source: UNDP (2003) 

CONCLUSIONS 
Sophisticated telecommunication technologies have made globalization possible in today's society. However, some 
countries have moc~ of these technologies at their disposal than do others. Many factors contribute to the level of 
-technological advancement of a country. One of the main factors studied in this paper is the country's development 
status. · 

Although all countries are showing growth in their technological development, some countries are advancing faster 
then expected while others are progressing slower than anticipated as evidenced by the country's residuals. When 
looking within the developmental classifications, convergence is the obvious trend, with the exception of the 
Internet results. 
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However, when analyzing the countries between the difference developmental classifications; the statistical tests 
prove that the gaps between high-developed and low-developed countries are expanding. There can be many 
reasons for the widening gap of technological development between countries. However, one of the main factors is 
that as technology becomes more accessible, the higher-income countries have more resources to take advantage of 
and expand on the new discoveries. For example, in the 1990s there was~ level playing field due to the fact that the 
new information technologies were not yet tapped into. All countries had relatively low or non-existent access to 
such emerging technologies as the Internet. However, as new advancements were introduced, the high-development 
countries had more resources to acquire and utilize it in a short time span, thus leading to the widenin'g gap between 
the three different developmental classifications. 

Although the results prove that technological development usually leads to economic growth, it is important not to 
simplify this fact. Technological innovation on its own will produce little results. Unless it is accompanied by 
cultural changes information technology will have little effect on aggregate growth and performance. According to 
Edwards (2002), firm level studies have shown t~at investment in information technology is more effective in 
settings that have a greater investment in human capitol. However, it is important to note that the relationship 
between factors such as human capital, education, and information technology is complex and runs both ways. A 
country that has a better technological base is likely to have more educational resources. For example, access to 
computers ·in the classroom will likely increase students' abilities to tackle math and science problem. Also, a 
better-trained labor force can more effectively take advantage of new technological innovations such as the Internet. 
Whatever the case, in today's information age the appropriate use and implementation of technological innovations 
is likely to translate into an increase in economic growth and productivity. 
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FACILITATING EFFECTIVE STUDENT PROJECT TEAMS 

Judith Barlow and T. Roger Manley 
Florida Institute of Technology 

ABSTRACT 
Information systems students acquire highly valued technological competencies, but undermine those skills because 
they lack the interpersonal skills needed to function effectively on team projects. A basic premise of many books 
dealing with highly performing teams is that increasing self-awareness of team members is step one. In this paper 
we explore how understanding of their own and others' work-style preferences correlates with team effectiveness. 

INTRODUCTION 
Management Information Systems majors at the Florida Institute of Technology are required to complete a "Senior 
Project" course in which they design, develop, and implement an information system solution for a real client. In 
past years the students assembled their own teams, and then team member selected one member to serve as project 
manager. The course instructor assumed the role of information technology manage~, assigned deliverables, and 
designated deadlines for the project teams, and facilitated weekly meetings. 

Over the course of a three year period the following statistics were accumulated: 
• 85% of all project teams failed to successfully satisfy all project requirements 
• 75% of the project teams failed to train end users and/or create usable user manuals. 
• 100% of the project teams successfully completed their first four deliverables: (1) Requirements document, 

(2) team member roles and responsibilities, (3) entity relationship diagrams, and (4) data flow diagrams. 
• 96% of requirements documents and team member roles documents were submitted on time 
• 80% of the final entity relationship diagrams and data flow diagrams were late 
• 65% of deliverables (3) and (4) were not delivered until the end of the semester and many had errors or 

were incomplete 
• 45% of clients reported that the project teams did not deliver a usable system 
• 96% of the student team members, in their fmal self-evaluation questionnaire, stated that they did not have 

enough time to successfully complete their projects, but 
• 96% said, in face-to-face meetings with the instructor, that team conflicts and team member reliability were 

the real reasons for the projects' failures. 

The students all possessed sound teclinical skills, but their individual effectiveness appeared to be undermined by a 
lack of the interpersonal skills needed to apply technical competencies to the solution of real application 
development projects. · 

MEASURING WORK AND PERSONALITY STYLES OF PROJECT TEAM MEMBERS 
Because over _95% of project team members attributed project failures to interpersonal problems within project 
teams, in January 2006 the instructor teamed with a behavioral scientist to administer a Myers-Briggs style of type 
indicator test ( Hogan and Champagne, 1980)was administered during the first week of the new Senior Project class. 

It was hypothesized that 
1. Project managers who are natural leaders will result in more effective project teams, 
2. Teams whose members have compatible and complementary personalities will be more effective, and 
3. Teams whose members understand teammates' personal strengths and weaknesses will be more effective. 

, .. 
The students completed an OTTline test and were given information on their psychological type as well as those of 
their team mates. Drawing upon type theory and advice from the behavioral scientist, the course instructor assigned 
students to project teams according to compatible work styles and assigned team project managers whose scores 
suggested that they ·possessed the strongest leadership potential. 
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Myers-Briggs Type lndi~ator Dichotomies 

E Extra version Introversion 
• Extrinsically motivated • Focus on thoughts anc:l.concepts 
• Focus on _people and things • Intrinsically motivated 

s Sensing N Intuitive 
• Bottom up - specific to general • Top down - general to specific 
• Facts and data driven • Concepts and meaning oriented 
• Detail and utility oriented • Theory and speculation 
• Here and now orientation· • Future oriented 

T Thinking F Fee.ling 
• Objective analysis of cause & effect 
• Decisions based mainly on logic 

• Subjective evaluations 
• People centered 
• Decisions based mainly on values 

· J .,udging p Perceiving 

• Prefer planning and organization • Prefer flexibility and spontaneity 
• Prefer to have things settled • Prefer to keep options open 

Figure I: The personality test gave the student team members information on both their own and their team mates' 
work style preferences. 

ASSIGNING STUDENTS TO PROJECT TEAMS USING WORK STYLE PREFERENCES 
Over 80% of successful business leaders have one of four work style preferences: 

• ISTJ - Introvert/ Sensing/ Thinking/ Judging 
• INTJ - Introvert / Intuitive/ Thinking / Judging 
• ESTJ - Extrovert / Sensing/ Thinking / Judging 
• ENTJ - Extrovert / Sensing / Thinking / Judging 

Students who had the strongest Thinking and Judging scores on the personality test were selected to be project 
team leaders. Teams were assembled which complemented the project manager work style and minimized conflict 
between team members. The four comer cells in Table 1 have been found to be the most frequently possessed by 
successful business leaders. 
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ISTJ 
ISFJ INFJ INTJ 

Education Religion Management 
Management Health care Counseling Scientific or 

Administration Religious settings Teaching technical fields 
Law enforcement 

Accounting 
Arts Computers 

Law 

ISTP ISFP INFP INTP 
Skilled trades Health care Counseling Scientific or 

Technical fields Business Writing technical fields 
Agriculture Law enforcement Arts 

Law Enforcement 
Militarv 

ESTP ESFP ENFP ENTP 
Marketing Health care Counseling Science 

Skilled trades Teaching Teaching Management 
Business Coaching Religion Technology 

Law enforcement Childcare worker Arts Arts 
Aoolied technoloav Skilled trades 

ESTJ ESFJ ENFJ ENTJ 
Management Education Religion Management 

Administration Health care Arts Leadership 
Law enforcement Religion Teaching 

Table I: Occupational Trends by Type®. 
Source: From Introduction to Type and Careers, A.L. Hammer, 1993, Consulting Psychologists Press 

Studies using work-style preferences to predict team effectiveness indicate that the more similarity between 
individual types on a team, the sooner the team members will come to understand each other (2003). Although 
groups with very similar members will reach decisions more quickly, they may make more errors because not all 
viewpoints are presented. More diverse groups may be slower and the process more painful, but make better · 
decisions. Team members may often choose tasks that fit the gifts of their type. Leadership roles may shift as the 
tasks to be done require the s~ills of different types on the team. · Team members who are opposite on all four 
preferences may have difficulty achieving an unders,t:anding; members who share two preferences from each of the 
opposites may have act as "translators." The person who is the only representative of a certain preference (e.g., the 
only Introvert) may be seen as "different" from the others. Team members who come to appreciate and work with 
different types may help to diffuse conflict. Figure 2 shows that introvert/extroversion differences do not 
significantly contribute to team conflicts, but sensing/intuitive, thin)<lng/feeling, -and judging/perceiving differences 
are sources of conflicts between teani members. Students were assigned to project teams such that sources of 
conflicts shown in Figure 2 were minimized. 
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Foxes 

E/1 
SFPs 

Ell 
NFPs 

· Dolphins 

Ell 
STPs 

l 
I 
I 
I 
I -, 
-

-
Ell 

NFJs 

--- --
Potential 
Conflicts 

Ell 
NTPs 

-

------
E/I 
SFJs 

Owls 

NTJs 

Ell 
STJs 

Beavers 
Figure 2: Team members with adjacent type components (SIN, T/F, J/P) are less likely to have conflicts than non

adjacent type components regardless of 1/E. 

(source: S. Nash, 1999) 

EFFECT OF UNDERSTANDING TEAM MEMBER WORK STYLE DIFFERENCES 
Each team member was given a text description of the work style characteristics of each of their team members, 
including the team project leader. Table 2 shows a text description of the types ISTJ and INTJ. Similar descriptions 
of the 14 other types can be.found at www.teamtechnology.co.uk/tt/t-articl/mb-simpl.htm. Each student was asked to 

. identify the description of themselves as well as those that best described each of their team members. 

Each student was given a description of different work styles and chose what work styles best described which team 
member (including themselves). The results: 

• 77% of the students were correct in identifying their own (type description) project strengths and 
weaknesses 

• 52% recognized the type descriptions of their team mates 

In a team meeting, students were asked to come to a consensus and assign a score of 1 to 4 to each team member 
with 1 being the poorest score and 4 the highest in terms of value to the team as a whole. In ALL cases, the student 
who correctly identified the largest number their team mates' personality characteristics was the student with the 
highest score for their contribution to the team. The highest contributor in each group always successfully identified 
him/herself. 
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. Contributions to the team of an IST J 
In a team environment, the IST J can contribute by: 

working hard and efficiently to complete tasks 
by the deadlines set 
sorting ideas and identifying those that are most 
practical 
applying a common sense approach to problem 
solving 
maintaining team focus on the objective 
contributing practical organizational skills 
applying procedures and methodologies 
applying relevant and realistic logical arguments 

[Potential ways in which an IST J can irritate others: 
focusing too much on the current task at the 
expense of longer tenn or interpersonal issues 
not articulating his/her understanding of the 
situation 
not seeing the wood for the trees 
being too serious 
seeming to be inflexible 
not encouraging others to experiment or innovate 
Not promoting his/her own ideas or 
achievements 

Proceedings of the 2006 IEMS Conference 

Contributions to the team of an INT J 
In a team .environment, the INT J can contribute by: 

· challenging the status quo 
leading the team to a greater understanding of 
the concepts and principles involved 
finding ways to overcome apparently 
insunnountable difficulties 
developing and maintaining a sense of 
direction in the team's work 
observing and understanding the way the 
organization works, and leading the team to 
take appropriate action 
producing work to a high level of quality 
ensuring that ideas and vision are translated 
"into action 

Potential ways in which an INT J can irritate others: 
being single-minded or stubborn 
not taking sufficient account of current 
·realities 
not expressing appreciation for the 
contributions of others, particularly where it 
hasn't been fully competent 
not delegating 
making errors of fact 

Table 2: Samples of work style characteristics for 2 of the 16 Myers-Briggs by Type®. Type identification (ISTJ 
and INTJ) was removed before asking the students to find the best description of each of their team members. 

(source: MBTI Manual, 3rd ed., 1998) · 

SUMMARY AND CONCLUSIONS 
While the semester is not yet over, there are indications that understanding each others' work style_ preferences, 
assigning team membership to minimize conflict, and choosing team leaders with work styles similar to successful 
business executives appears to have had a positive impact on the Senior Project class. 100% of the first three 
deliverables were completed on time compared to a 20-30% on time rate in previous semesters. There are 
noticeably fewer team conflicts resulting in complaints to the course instructor and team project managers report 
that they are satisfied with their team members' contributions to the project. 

Most notably, team members who recognize their team mates work style preferences and type were identified as the 
most valuable members of the team regardless of whether they were the team project leader or team member. The 
data seem to support the hypothesis that understanding team members Myers-Briggs type characteristics enhances a 
team member's value to the project team and warrant further study. 
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MEASURING THE EFFECTIVENESS OF A WIK.I AS AN EDUCATIONAL TOOL 

LuAnn Bean and David D. Hott 
Florida Institute of Technology 

ABSTRACT 
A wilci is a technological collaboration tool that is gaining acceptance in the improvement of knowledge 
management. Similar to a blog, a wilci is a web site with real-time editable pages. A significant difference is that the 
wiki allows multiple content providers. Just as biogs have proven useful in industry applications and as educational 
tools, wiki adoption in both realms is becoming more prevalent. This paper explores the potential for the 
development of pedagogical metrics to aid in the evaluation and improvement of utilization of the wiki in a 
. classroom environment. 

INTRODUCTION 
Organizations have long struggled with the compilation of crucial information that changes frequently and providing 
access to employees in workgroups. This is particularly exacerbated when members of the group are separated 
geographically. Quite often workgroups communicate through email with various text documents and spreadsheets 
attachments and instant messaging. Group members, lacking a common storage area, are frequently not on the 
"same page" due to misplaced emails and files ·or the difficulty of maintaining a chronologically ordered file 
structure. One author has referred to the inundation of emails as "occupational spam". A database may be 
impractical not only because of it initial cost and maintenance but because the rigid schema and field definitions 
may to be too restricting for on-the-fly idea development. Likewise, big tech company solutions like Lotus Notes 
and Workplace are oft times perceived as too expensive as well as difficult to implement and use. 

A new collaboration tool is gaining attention in the press and adoption by a wide range of organiz.ations, the "wilci". 
The name wiki comes from the Hawaiian word "wiki-wiki" meaning-"quick". A wilci has been described as an 
easily implemented web based object orientated database without the complexity and cost. Multiple users may 
access the wiki from any web browser (password protected). Each user may have defined flexible authorities to 
access, add and edit documents. An access/change log is maintained automatically. 

The "wiki"·came in to being in 1995 when Ward Cunningham wanted to create a new way to collaborate on 
software design (Jesdanun, 2004 ). A wiki is a web site that allows "real-time editable pages by multiple users. This 
is significantly different from a blog where the content is controlled by qne owner. One of the most publicized wiki 
uses was founded by Jimmy Wales, a computer programmer in St. Petersburg, Florida. Prompted by his love for 
encyclopedias, he created www.wikinedia.org which he hopes will make more traditional encyclopedias obsolete. 
Internet users from around the globe have added and edited articles at the site. Wale's nonprofit foundation has 
raised over $ I 00,000 from Wikipedia proponents to pay for server costs and for future projects including Wiktionary 
(dictionary and thesaurus), Wikibooks (textbooks artd manuals) and Wikiquotes (Stone, 2004). As of February 28, 
2006 the www.wikipedia.org site reports over 2,265,000 articles· with over 994,000 of them in English and the 
remaining ~ over 207 other languages. In addition, just as biogs have grown in volume and impact in news 
reporting, wikis too are beginning to appear in the news arena. 

Initially woos were used primarily by IT developers to track bugs and code changes in software development, but 
this is rapidly changing. Corporations as varied as Disney, Yahoo, British Telecom and SAP are utilizing wikis for 
project planning and knowledge management (Dickerson, 2004)-. For example co-workers can access a wilci page 
(from any web browser), take a spreadsheet, modify it, add data from the Web or emails and have everything reside 
in one location. Revisions are tracked and archived so that a threaded record is maintained (Wong, 200.5). Provision 
can be made for protected pages and flexible permissions for access, eqitjng and adding pages (Anonymous, 2004a). 
In addition most wilds have a rollback feature that allows the administrator to restore the previous content of a page 
if necessary (Murali, 2004). A wilci can keep members of a workgroup on the "same page" serving as a web based, 
traceable, searchable database. As a bonus, it can alleviate the inundation of emails and instant messaging that some 
analysts have referred to as "occupational spam" (Swisher, 2004). 

Until recently, most of the development ofwiki software has come from noncommercial open-source platforms such 
as TWiki (www.twike.org) (Swisher, 2004). A problem has been that each wiki has its own·mark-up language. The 
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concept ofa wild engine has been developed that allows the user a simple "Word like" editor (Anonymous, 2004a). 
Two leading vendors are emerging. Socialtext, a leading Enterprise Wiki provider (http://www.socialtext.com) has 
over 100 corporate clients, with more than 20 in the Global 1000, whose applications include; project management, 
product design, customer care management, distributed marketing intelligence and event facilitation. JotSpot, the 
first application wiki company (http:// jot.com), quickly received nearly 3,000 beta program sign ups from 
organizations ranging from Fortune 500 companies to small businesses to individual workgroup leaders 
(Anonymous,. 2004b ). In a phone conversation on February 23, 2005, Scott McMullan, Director Developer Relations 
for JotSpot, stated that the beta program sign up now exceeded 8,500 requests. Jotspot's web site lists company 
usage including creation of a company Intranet, meeting management ( create agendas, meeting notes and minutes), 
project management, recruiting, to do . list/task management, competition tracking and customer care management. 

Just as bl9gs have proven useful in industry applications (Guterman, 2003; Singer, 2004; Anonymous, 2004c: Bean 
and Hott, 2005a; Harris-Jones, C. 2006) as well as an educational tool (Bean et. al., 2003; Read, 2004; Toner, 2004) 
wikis are being adopted by both groups. The reported early educational use has been in the areas of computing and 
IT not unlike the adoption in industry. The applications include faculty collaboration for academic papers and 
technical projects (Raygan and Green, 2002) and classroom usage {Rllger, 2003; Wang and Turner, 2004). 
However, the increasing interest and utilization of wikis as a knowledge management tool across the more 
traditional functional areas in industry warrants consideration for use in university business courses (Bean and Hott, 
2005). Recent articles have exemplified the use of classroom wikis for collaborative authoring, building a 
knowledge base for academic instruction, as well as individual and team project development (Engstrom and Jewett 
2005; Higdon 2005; Lamb, 2004; Raman, Ryan and Olfman 2005; Richardson, 2005). 

WIKI AS A COLLABORATIVE TOOL FOR TEAM PROJECTS 
There has been an increased emphasis on the value of teamwork in companies across all industries. Academic 
programs have responded by integrating more teamwork experiences into the curriculum. Biogs have proven an 
effective means of collaboration in both industry and academic settings. Seely (2005) offers that 
"Where biogs provoke debate, wikis promote cooperation". Wikis facilitate the collaborative development of a 
project by allowing team members to always be on the "same page" without the necessity of snail mail, email or 
group meetings. 

The authors will begin the use of the JotSpot wiki for team projects in the fall semester 2006. Each team member 
will be given their own user name and password. Team members may create their own sub page, attach Word and/or 
Excel documents~ email the group or individual members and insert links to other sites. They may also add 
comments to any sub page of the wiki or create a sub page specifically for questions/responses and thus creating an 
asynchronous discussion board. 

Two common complaints expressed by students participating in a team project are, difficulty in coordinating 
meetings times suitable to all members and the failure of one or more team members to "pull their weight''. The 
latter is often referred to as "social loafing" in the literature. One popular approach to combat social loafing in teams 
is to make individual contributions identifiable. (Bailey, et.al. 2005). Each time wiki sub page is accessed a new 
time stamped version is created showing the usemame of the person that made the edit. All older versions are 
available for comparison thereby allowing other team members and the instructor to review the chronological 
development of each member's contribution. Since team members may access the wiki from any web browser the 
need for individual and/or group meetings should be decreased. 

As with the adoption of any technology the successful use is dependent upon several factors. These include: 
)- Training 
)- Leaming Ease 
)- Ease of use 
)- End user buy in of the value added by the new technology · 

We also wish to discern the impact on team outcomes in terms of improved: 
)- Communication between team members 
)- Conflict resolution 
)- Individual accountability 

· )- Project management 
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The survey in the appendix is designed for use in the pilot program fall 2006. We will be primarily focused on ways 
to improve the training module and user manual as well as monitoring student usage to discover areas of resistance 
to using the wiki. We will team with colleagues in Industrial Psychology to refine metrics and construct a controlled 
experimental frame to begin spring 2007. 

CONCLUSION 
The wiki is gaining acceptance as a collaborative tool across industries. It should also prove to be valuable addition 
to a business curriculum in that it can enhance both the teamwork and new technology experiences for students. As 
such, developing a means of measuring the usefulness and continued improvement is warranted,. 
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Appendix A 
Wiki Proiect Satisfaction Survey 

Read each statement carefully, and indicate your response by circling I - 7 to the right of each word ( I =strongly 
disagree, 2= disagree, 3= somewhat disagree, 4=neither agree nor disagree, 5= somewhat agree, 6= agree, 

?=strongly agree). Please choose only 1 response; and if you make a mistake put an "X" through the undesired 
response and circle the desired response. 

Example: 

Strongly Disagree Smpewhat Neither Agree Somewhat Agree Strongly 
Disagree Disagree Nor Disagree Agree Agree 

© @ ® © ® @ (]) -

I EX: I am highly satisfied with.Wiki, l© -l@l®l®I ®I @ I(]) I 
1. I feel the wiki was easy to learn. ' Q) ® ® © ® ® (Z) 

2. I feel the wiki was easy to use. © ® ® _© ® ® (Z) 
3. The wiki navigation tools are clear. © . ® ® © ® ® (Z) 

4. The wiki navigation tools are consistent. © ® ® © ® ® (Z) 
5. The wiki Online help was useful. © ® ® © ® ® (Z) 
6. Using the wiki I was able to complete my task on time. © ® ® © ® ® (Z) 
7. Error Messages were clear © ® ® © ® ® (Z) 
8. Error recovery was easy © ·® ® © ® ® (Z) 

Please finish the following statements concerning the Wiki 
Compared to a traditional team environment: 
9. Team members had improved communication. © ® ® © ® ® (Z) 
IO. Fewer face-to-face meetings were required. 
11. Team members were better able to ensure accountability . © ® ® © ® ® (Z) 

of other members. 
12. Team members were better able to share resources. © . ® ® © ® ® (Z) 
13. Editing work was easier © ® ® © ® ® (Z) 
14. Team members were able to complete their final project © ® ® © ® ® (Z) 

more efficiently. 

Please finish the following statements concerning the wik.i. 
I feel using the wiki was: 
15 . . Satisfying (D ® ® © ® ® (Z) 
16. Useful (D ® ® © ® ® (Z) 
17. Challenging © . ® (ID © ® ® (Z) 
18. Frustrating © ® ® © ® '® (Z) 
19. Dull (D ® ® © ® ® (Z) 
20. Stressful (i) ® ® © ® ® (Z) 

Comments: Please P,!Ovide suggestions to improve the use of the wiki in group projects. Use extra pages as 
necessary. 
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JOB DISPLACEMENT THROUGH GLOBAL OUTSOURCING: 
AMERICA'S EDUCATIONAL CJIALLENGE 

Ralph E. Janaro and Michael R. W. Bommer 
Clarkson University 

ABSTRACT 
Global outsourcing has displaced many American workers who held manufacturing, service, and more recently, 
knowledge creation jobs. Accordingly, American firms are being forced to focus more on innovation and 
technology development to remain a leader in the global economy. This focus will require a greater emphasis on 
education in America to include retraining for the displaced workers as well as an education for our youth that is 
more directed toward technology and creativity. The purpose of this paper is to discuss job displacement, its impact 
on America, and the resulting challenge for American educators. 

INTRODUCTION 
There was once a time when American firms prided themselves in their ability to manufacture quality products, 
provide a wide range of services, and more importantly be innovators and leaders in the development of new 
technologies. Those times are rapidly vanishing. Many firms have decided to focus on core competencies and 
relinquish the manufacturing function to foreign companies that can produce the products at a lower cost, at the 
same or better levels of quality, and in a timely fashion. Other firms have simply chased the cheaper costs available 
elsewhere. 

Manufacturing companies, as well as traditional service firms, have outsourced many service-related functions to 
foreign companies as well. These include call centers, accounting services, and news gathering among others. 
While most of these outsourced jobs were considered blue collar and low level white collar jobs that received low to 
moderate compensation, the trend now is toward outsourcing higher paying knowledge creation jobs, such as 
research and development. These are jobs that require specialized knowledge in engineering and/or the sciences. In 
light of this, it is important to understand what is happening to these displaced American workers, what the impact 
of this job migration on America will be, and what has to be done for America to maintain a leadership role in the 
expanding global economy. · 

In the sections that follow, we briefly discuss the global outsourcing of manufacturing, service, and knowledge 
creation jobs. We then explore their impact on the U.S. economy and society. Finally, we propose a response to 
these issues from both a policy and an educational perspective. · 

MANUFACTURING OUTSOURCING 
Manufacturing outsourcing has a well-known and established history. In this section w.e provide, therefore, only a 
brief overview of manufacturing outsourcing. Originally, the lure of global outsourcing was cheap labor costs. 
Companies in places such as Mexico, Malaysia, Korea, and India were seen as good sources of low cost 
manufacturing labor. This was followed by a number of companies in industries such as footwear, clothing, and 
consumer electronics halting their U.S. manufacturing activities completely because they were not viewed as one of 

· the firm's core competencies. Instead, these firms chose to focus.on product development, marketjng, and/or supply 
chain management. The move to global outsourcing of manufacturing went from being a tactical decision to a 
strategic-level decision. · 

The net effect of manufacturing outsourcing has been the replacement of low-skilled, lower wage jobs with higher 
paying, high valu_e jobs in services, R&D, design, and marketing (The Economist, 2005). This has been enabled by 
computerization ancfother advances in technology. While this trade-o~J!Joks good on the surface, it is important to 

. examine what really has happened to those lower-skilled workers who have been replaced by these advances in 
technology. Although the result of the shift has been an expansion of American output by an average of almost 4% 
annually since 1991 (The Economist, 2005), there are still niany displaced workers who will need to be retrained for 
higher-skilledjobs.and/or·assisted by ~he government at least temporarily. 
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SERVICE OUTSOURCING 
We have already lived through more than a decade oflosses of service jobs to offshore companies. In this section 
we provide a brief overview of conventional wisdom on the future of service outsourcing. Technology.and 
advanced communication technology have made the outsourcing·ofservices a global phenomenon. Companies in 
the U.S. have taken advantage of these technological advances to trade human services with less developed nations. 
While in the past manufacturing workers had accounted for the lion's share of outsourced jobs, non-manufacturing 
workers accounted for 70 % of the displaced workers in recent times (Farber, 2005). Forrester Research projects 
that 3.3 million service jobs will go offshore in the next few years (McCarthy, 2002). Goldman Sachs estimates that 
300,000 to 400,000 services jobs have moved off shore in the past 3 years and projects that 15,000 to 30,000 jobs 
per month will be outsourced in future years. 

In recent years the shift in job loss in the service sector has been moving toward more-educated workers. Initially 
the jobs were of a more clerical nature such as call centers. This was followed by jobs in financial, information and 
business services. Deloitte Research estimates -that by 2008 financial services companies will have outsourced up to 
2 million jobs to countries such as India and China. In 2002, $32 billion worth of IT services were off-shored to 
various countries (Narayan, 2004). 

Reasons for off-shoring service type jobs are numerous. Lower operating costs, greater flexibility in meeting peak 
demands, availability of skilled workers, and 24 - 7 coverage are a few of the reasons cited. Some of the prominent 
American. companies involved in global service outsourcing include Accenture, IBM, and Hewlett-Packard. 

KNOWLEDGE CREATION OUTSOURCING 
For many years conventional wisdom was that knowledge worker jobs would nevei: be outsourced. Worker 
displacement due to outsourcing would be confined to blue collar and lower lever white collar jobs. Activities such 
as R&D were never expected to be performed in other countries. Concerns were raised as to the skill level of 
professionals available in other countries and the protection of intellectual properties. 

Recently, however, the outsourcing phenomenon has indeed impacted knowledge workers who hold upper level 
white collar positions. India has become an attractive destination as an R&D center for a wide range of industries 
(A.T. Kearney Study, 2004). GE has established the John F. Welch Technology Center in India to provide critical 
technology, research, and development (Wall Street Journal, 2005). GE has recently opened a huge research facility 
in Shanghai to perform specialized research for Asian product development (GE website). Texas Instruments was 
one of the first foreign firms.to capitalize on India's high graduation rate and large base of science and engineering 
experts by setting up a global R&D center consisting of 500 engineers in a knowledge creating facility (Bowonder, 
2001). 

According to Kirpalani et al (2005), some consultants argue that routine intellectual tasks are migrating to places 
where it's cheaper, while intellectual tasks that require creativity, artistry and being close to the market place will 
remain in the U.S. Further, the article reports that major electronics companies are shrinking their R&D forces from 
thousands to hundreds and concentrating only on proprietary architecture and setting key specifications, while 
managing global R&D teams. According to Dave Ayers, VP for platforms and engineering of Lucent, "Outsourcing 
isn't about moving jobs. It's about the flexibility to put resources in the right places at the right time (Kirpalani et al, 
2005)." 

Where are these R&D jobs going? Electronics appears to be China's strength with organizations such as Intel and 
Motorola investing over a half million dollars in research (Donahoe, 2003). Microsoft also internationalizes its 
research with labs in Britain and China (Buckley, 2004). A more general response is that these R&D jobs are going 
wherever there are cheaper salaries and benefits, a pool of skilled and motivated professionals, and/or flexibility in 
dealing with varying work demands. 

IMPACT OF OUTSOURCING ON AMERICA AND A PROPOSED RESPONSE 
In this section we examine some predictions of the impact of continued outsourcing as well as outline a proposed 

_ response by the U.S. government and American educators to the challenges presented by global outsourcing. 
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The Impact 
Toe impact of outsourcing seems to be a mix~d bag. Some experts are predicting that America is on its way to 
becoming a third world country while others are saying that the loss of lower-skilled jobs is what is supposed to 
happen in developed countries. For instance, according to The Economist (2005), the issue is not where people 
work, but whether they are creating wealth. In order to create wealth, then, it is necessary to move from lower
skilled to higher-skilled jobs. Furthermore, the comparative advantage for developed economies is in knowledge
intensive activities. This is because these countries have highly skilled labor. This is the heart of the problem. 
Does America now, and will America in the future have a sufficient pool of highly skilled labor to be a world leader 
in pursuing knowledge-intensive activities? 

For America to secure such a leadership position, a renewed and significant emphasis on education from grade 
school through graduate school will be required. This will be a slow and painful, yet, necessary adjustment. If such 
changes are implemented, the impact on America will be a change in the make-up of the workforce from less skilled 
to highly skilled. Changes to our educational system will require significant resources as well as an infrastructure to 
deliver more technologically rich training and education programs. 

If such changes are not implemented, then the impact on America will be devastating. The workforce will not be 
prepared to undertake the kind of jobs necessary create wealth. Instead, America wiU fail to maintain a leadership 
role in the global arena and American workers could eventually end up providing cheap labor for companies of 
Indian and Chinese origin. Evidence shows that we are already heading in_that direction. According to a report by 
A.T. Kearney (2005) that ranks the attractiveness of countries .for offshore work in services, the U.S. ranked 11 th out 
of 40 countries. The city of San Antonio was used to represent the· U.S. in the study. The message is very clear; if 
changes do not occur, then the American way of life as we know it will fall by the wayside as the standard of living 
declines. 

Proposed Response 
Technical progress is the prime ingredient for a dynamic,job creating economy. To stay ahead of the competition 
and prosper, America must continue its record of achievement in innovation and productivity progress. To support 
these efforts a focus on education and research is critical. 

If America is to stay the course as a leader in global business, ~en changes must be introduced that will address the 
problem of displaced workers, and changes must be introduced that will address the problem of creating a more 
capable workforce for the future. In the short term then, displaced workers will need to be retrained in the newer 
technologies. This means that programs will have to be developed, impl~mented, and made available to them. Such 
programs require government support. This means providing a significant proportion of the funding necessary for 
the retraining, especially for those individuals who cannot afford the cost. 

As a backdrop, America currently has the highest high school dropout rate of all industrialized nations. America has 
fallen from 3ro to I ?'h among nations in terms of 18 '- 24 year olds who earn academic degrees in science or 
engineering. In 2003, India and China each graduated almost as many scientists and engineers as the U.S. (Roberts, 
Sandler, and Kovac, 2004). Moreover, while the yearly number is on a decline in the U.S., the numbers are on the. 
rise in most less developed countries. It's clear from these numbers that America is heading in the wrong direction 

· and needs to change course. · 

For future entrants into the workforce the solution is more long term, since this group will need to acquire a stronger 
background in areas such as technology, the sciences, and mathematics than our educational system is currently able 
to deliver. At the pre-college level, curricula steeped in math, science and English will be needed. Further, 
introductory courses_in comparative cultures is a must in this global environment. Most non-English speaking 
countries require their students to become bilingual, with English being .tbe preferred second language. American 

- students also need to become bilinguai by beginning the study of Spanish, Chinese, Japanese or other appropriate 
second language as early as in: grade school. Other courses 4tvolving the study and use of information technology, 
and the development of communication skills are also essential. 

. Further, these future innovators will have to interface with scientists, engineers and business leaders across the 
globe. In addition to understanding cultural differences in countries such as Ind,ia and China, this will also require 
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skills such as negotiation, the ability to speak the language of other disciplines, and the ability to apply the systems 
approach to decision making. 

Research to support product, process, and service innovation continues at a healthy pace for most large U.S. 
corporations. The problem is that more and more of this research is being outsourced, especially to countries such 
as China and India. This has the effect of creating jobs in overseas countries while losing them here. This is due 
partly because the skills are available elsewhere at a lesser cost. The question, then, is what can be done to stem this 
tide of job erosion? The answer is multifaceted. · 

First, America needs to understand where its key competitive advantages will lie in the future and then start to create 
an environment and programs to support them. By-in-large it is the lower paying to mid-level jobs that are being 
outsourced. Therefore, we need to develop programs that support the retention and growth of higher level jobs, 
those that make wealth creation possible. 

Second, the U.S. must develop incentive programs to encourage young students to pursue careers in science and 
engineering. In the '50s and '60s scholarships were offered to students to pursue engineering and science degrees 
and they were successful. Perhaps such programs need to be reestablished. These programs of study, however, 
must change to take more of a systems approach. In this way, students will not be trained to be purely task oriented, 
but to look at solving technical problems in a more creative and innovative manner. There are plenty of well-trained 
scientists and engineers in India who are eager to solve routine problems for less money than we are paying 
engineers and scientists here. 

Third, the U.S. population must adopt a stronger work ethic rather than the current !1ttitude of entitlement. Ifwe 
expect to be paid premium wages compared to workers in the rest of the world, then there must be a significant 
value added component. This task needs to be addressed by parents, educators, political leaders, and society in 
general. We are talking about a societal revolution. One way to achieve this might be to raise the age when a child 
can quit school from 16 to 18. Another way might be to keep children from moving from grade to grade without 
making legitimate passing scores in all courses. Further, programs for those students who are not seeking. a higher
level of education need to be created so that these students can learn a marketable skill that will serve themselves as 
well as society. 

Fourth, we need to upgrade the educational system from ground up (elementary to graduate school). Students at 
lower levels need to gain a greater understanding of mathematics, science, and cultures. According to a survey by 
Raytheon Corporation (2005) of 1,000 6th to 8th graders, 84% said they would rather "clean their rooms, eat their 
vegetables, take out the garbage and go to the dentist than sit down with their math homework." However, 67% 
said they wanted to do better in math and 94% said that doing well in math was important to them. This begs the 
question: How can we help these students perform better? 

As a start, resources need to be made available to attract, train and retain the best teachers possible. This might 
involve programs where the government offers incentives to the most capable high school graduates to pursue a 
career in teaching. Further, according to a report by The National Academies (2006), the creation of specialty high 
schools emphasizing math, science and technology as well as providing inquiry-based learning opportunities for 
middle and high school students during the summer would go a long way toward solving some of these problems. 

At the upper levels of education an awareness of technology and of international issues is crucial. On the 
technology side, college courses could be upgraded to build on the higher level of math skills developed during 
grades K-12. With regard to international issues, a greater emphasis on languages such as Hindi, Korean, Chinese, 
and Japanese would help students communicate better with others in their fields_ of study as well as provide them 
with a better understanding of other cultures. (The opportunity to study languages such as these should begin no 
later than in .middle school.) In this global economy, it would be interesting to see how many schools of business, 
for instance, require the study of international business or offer courses in comparative cultures! This kind of 
knowledge will be critical in understanding and dealing with foreign companies and for conducting business in 
foreign countries. 

, , 

Fifth, America needs to provide retraining programs for workers displaced by outsourcing. Rather than having them 
take jobs at a fraction their current salary (or not even find employment and have to rely on government subsidies), 
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workers' skills need to be upgraded for them to be able to tackle comparable level positions. Requiring unemployed 
workers with minimal skills to enroll in government sponsored training programs might be a good start. Providing 
tax incentives to take evening college courses to upgrade skills would be another step in the right direction. No 
matter what forms retraining programs may take, it is imperative to get them started right away and reach as many 
displaced workers as possible. 

Finally, the U.S. government needs to become fiscally responsible. We need to stop running huge budget deficits 
and we need to reduce the trade imbalance. "To be fiscally responsible is a first step for creating an environment for 
job growth in the U.S." (Jaing, 2005). Rather than spending taxpayer dollars on interest payments for the national 
debt, on pork barrel programs, or on a war that should have already run its course, its time to fund programs that 
provide for education and retraining as well as programs in health care that remove some of that burden from the 
backs of business. 

CONCLUSIONS 
The time has come for Americans to face the reality that the U.S. is no longer the world leader in industry or 
education. It is crucial to understand that in order to reclaim a leadership position in industry America must first 
rebuild its educational system from grades K-12 through college and graduate school. As the U.S. continues to 
move from a manufacturing-based society to a knowledge creation-based society mor_e emphasis must be placed on 
students acquiring higher level math, science, technology and language skills. 

The first issue for society is to find ways to motivate our youth to learn at competitive levels with students from 
other nations. To do this, we need to impress upon them the opportunities that learning creates for them and we 
need to restructure how we teach the material so that learning it is seen as "cool." We could follow the lead of 
Raytheon (2005), for instance, which offers a program called MathMovesU. The program uses celebrities to show 
how they use math in their jobs. 

Instruction in grades K-12 must improve significantly. The best talent must be sought out for training as teachers. 
Incentives need to be provided to encourage these talented students to become teachers. These teachers must be 
better trained to teach in the areas that are critical in a global economy. Curricula in K-12 need to be changed and 
strengthened to foster the development of better math, language, science and technology skills in our students. 

At the college and graduate school levels, universities need to build more integrated programs that include 
languages, the study of cultures and the systems approach. These programs must be strong enough to attract the best 
students from around the world. This will create a diverse learning environment in which to educate our sons and 
daughters and make them better prepared to work in the global market place. 

To bring these changes to fruition may require government reso~ces and the efforts of many professionals in both 
education and industry. Further, the effort must start now. 
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HEURISTIC EVALUATION OF A COLLEGE OF ENGINEERING WEBSITE 

Paul Nuschke, Kaize Adams, Benjamin Osafo-Yeboah, Sheny L. Springs, Xiaochun Jiang 
North Carolina Agricultural and Technical State University 

ABSTRACT 

A heuristic evaluation was conducted on NCA&TSU's College of Engineering website. The goal of the heuristic 
evaluation was to find usability problems and to suggest solutions to make the site more usable for students, alumni, 
faculty, staff, and external visitors. Four evaluators assessed the site by applying Nielsen's ten heuristic principles. 
The evaluators found many heuristic principle violations, ranging from cosmetic to severe. Based on the web 
standards and guidelines, the evaluators make suggestions for how to improve the most severe problems. 

INTRODUCTION. 

There are many techniques available to researchers and usability· professionals who wish to analyze an interface for 
usability problems. One such technique is called a heuristic evaluation. Heuristic Evaluation is a "discount" usability 
method for quick and cost-effective evaluation of a user interface [l]. The heuristic evaluation process requires that 
a small set of evaluators (usually three to five) examine the interface· and judge its compliance with recognized 
usability principles called heuristics. A_set often heuristic~ have been developed by Nielson [2, 3], which 
encapsulate the typical usability problems that are found in an interface (see Table 1). 

In general, it is difficult for one evaluator to do a heuristic evaluation because he or she will never be able to find all 
the usability problems in the interface. Also, different evaluators tend to find different usability problems and 
therefore using more than one evaluator increases the effectiveness of the method significantly. Nielson 
recommends three to five evaluators since little additional information is gained, relative to cost and time, by using 
more than five evaluators. 

At the request of the College of Engineering administrators, we chose to evaluate the North Carolina Agricultural 
and Technical and State University's (NCA&TSU) College of Engineering (COE) website. Their motivation to 
redesign the site came from their personal observations as well as numerous complaints the college had received 
from students, staff, and faculty about the website. · 

The College of Engineering website is generally used by students, staff and faculty and external visitors such· as 
donors, alumni, prospective students and research organizations. Visitors to the site can fmd information on faculty 
members, their research interests, res~arch work currently being undertaken by the different departments in the 
college and their sponsors, as well as information on research facilities available at the college. Prospective students 
can find and download departmental materials and requirements,' as well as retrieve information on various 
departments, student organizations, and faculty members. Current students can look up course and faculty 
information, such as schedules or research interests, and obtain scholarship or employment opportunities. Faculty 
and·staff can also use the site to post or view news about the events in the COE, and to communicate their research 
interests and accomplishments: 

Since the COE website serves as the easiest and fastest source of information to the outside comm~ity about the 
college, the interface must be easy to learn and navigate for novice users~ Meanwhile, because many users will be 
professors, students, and staff, the website should also be efficient and easy to use for more intermittent and expert 
users. 

METHOD 

· Participants 
Four graduate students in the Industrial Engineering Department, all specializing in human factors, conducted the 
heuristic evaluation. Two of the evaluators were Master's students and two were Ph.D. students, with the Ph.D. 
students having more coursework in human factors. The participants also had widely varying non-human factors 

. backgrounds. One of the first semester_ students had extensive experience designing websites. 
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The evaluation was carried out at the Center for Human-M~chine Studies at NCA&TSU, in graduate student office 
space, and in home office space. 

Procedure 
To prepare, the evaluators met and created a table that allowed them t~ easily record the problems, the pages the 
problems were found on, and the heuristic principle (see Table I) that the problem most violated. Each evaluator 
was given the COE website address and was told to evaluate the overall COE website and each department's 
website ( e.g., Industrial Engineering), since they all used a similar template. No set tasks were assigned to the 
evaluators. Instead, they were instructed to be as comprehensive as possible, to avoid talking to each other about the 
problems, and to record all the problems they found in their copy of the tab.le. They were also instructed to avoid 
distractions if possible. 

a e - eons 1c rmc1p es T bl 1 H . t· P. . I 
Name Description 

Visibility of system status The website should keep the user informed through appropriate 
feedback. 

Match between system and the real world The website should speak the users' language, with their 
terminology, and it should follow real world conventions. 

User control and freedom Users should be able to leave an unwanted state, or to navigate 
as they wish. 

Consistency and-standards Users should not have to guess whether different words, 
situations, or actions mean the same thing. 

Error prevention Errors should be prevented from occurring. 

Recognition rather than recall Minimize memory load by supporting recognition and not 
requiring users to recall information from one page to next. 

Flexibility and efficiency of use Allow advanced users to speed up their interaction. 

Aesthetic and minimalist design Pages should not contain information that is irrelevant or rarely 
needed. Every extra element competes with something else. 

Help users recognize, diagnose, and Error messages should be expressed in plain language so that 
recover from errors users can find a solution. 

Help and documentation Provide helpful, task specific documentation when necessary. 

After the evaluators completed the evaluations, they met and discussed the most severe and reoccurring problems 
that were found. Since individually discussing the many problems could take several days, the evaluators removed 
the duplicates and compiled the problems into one table so that each evaluator could find and evaluate the other 
problems on their own time. In some cases, several problems were due to the same underlying cause, so the group 
combined them into a broad problem statement. 

In order to prioritize the problems for possible improvements, each evaluator assigned a severity rating to each 
problem. The severity ratings have been detailed by Nielsen, and are shown in Table 2. Severity ratings are useful 
because they help allocate resources so that the most severe problems are fixed first. Severity ratings -can also 
provide a rough estimate of the need for additional usability efforts [ 4]. 

Nielsen suggests that evaluators analyze three components of a problem to help determine its severity: the 
frequency, the persistence, and the impact of the problem. Frequency refers to how often a problem occurs (e.g, how 
many times on a page, or throughout the website), while persistence refers to whether the problem, once recognized , 
by a user, can be easily overcome in future visits to the page. The impact of the problem refers to how much it 
undermines the goals of the user. For example, the severity rating for a poorly labeled butt~n that occurs on every 
page might be rated as having high frequency, moderate-to-high impact (depending on the user), but low-to
moderate persistence since users may be able to learn the meaning of the label rather quickly. This hypothetical· 
button would likely be assigned a rating of two or three. · 
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Table 2 - Severity Ratings and their meanin2s 
Description Rating 

No usability problem at all 0 

Cosmetic problem only: Need only,be fixed unless extra time is available 1 

Minor usability problem: fixing this should be given low priority 2 

Major usability problem: important to fix, so should be given high priority 3 

Usability catastrophe: imperative to fix this before product can be released 4 

Once each evaluator had rated all of the problems, the group discussed any major disparities in the ratings and 
arrived at a consensus about a yalue to assign to the problem. A final column was created in the table that averaged 
the severity ratings for all of the problems. Once all of the problems had been averaged, the table was sorted to list 
the most severe problems first. 

RESULTS, DISCUSSION, AND RECOMMEND A TIO NS 

Overall, the evaluators found a total of 109 problems within the College of Engineering website. Individually, 
evaluators found a mean of75 problems with a·standard deviation of29. Total problems found ranged between 102 
and 3 7. Evaluators spent an average of four hours each testing the website, using an average of two sessions. 
Because many of the problems found were interrelated, an evaluator with a lower total may have used a high-level 
category of problems to represent several lower-level problems. For example, one evaluator listed every "color'' 
problem that they found, while another evaluator listed the problem just once. 

Three heuristic violations, "Match between system and the world," "consistency and standards," and "aesthetic and 
minimalist design", accounted for 71 % of the problems, while four categories had two or less violations. The · 
evaluators felt that these unrepresented categories applied more to complex websites ( e.g .. , e-commerce), computer 
applications, and physical devices. Figure 1 shows a breakdown of the problem totals by heuristic violation. 

Visibility of system status 

User control and freedom 

Match between system and the 
real world 

Help users recover from errors 

Help and doaimentation 

Flexibility and efficiency of use 

Error prevention 

Consistency and standards 

Aesthetic and minimalist design 

10 15 20 25 30 35 

_Figure 1 - Heuristic Violation Totals 
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Two-thirds of the problems (67%) were rated as either aesthetic or minor problems. While some problems received 
individual scores of zero, none_ average out to zero, so all problems warrant consideration for corrective action. Only 
four "catastrophic" errors were found (4%). Figure 2 shows a breakdown of the relative percentage of occurrence of 
each severity rating ( averages were rounded). · 

Top Ten Problems 

4 = Usability catastrophe 
4% 

3 = Major usability 
problem 

29% 

0 = No usability problem 
at all 
0% 

1 = Cosmetic problem 
· only 
17% 

2 = Minor usability 
problem 

50% 

Figure 2. Problems by Severity Rating 

The top ten usability problems, based on the averag~ severity rating given by each of the four evaluators, are listed 
in Table 3. The problems and possible solutions are described in detail below. 

a e - op en ro T bl 3 T T P bl ems 
Problem Found Location SR 

I Non-standard, inconsistent, non-matching use of colors On all pages 4 

2 Overuse of large, intrusive, "stock" images On all pages 4 

3 Use of double scrollbars in body of pages On several pages 4 

4 Lack of links in content prevents efficient navigation On all pages 4 

5 Buttons menus used incorrectly On many pages 3 

6 External links and links to files, not marked On several pages 3 

7 Site organization not clear On all pages 3 

8 Too much information on the calendar page COE Calendar 3 

9 Non-standard display of professor information. Faculty".'Staff Pages 3. 

10 Public display of internal administrative links On several pages 3 

Problem 1: Color 
By far, the evaluators' most frequent observation was the misuse of colors throughout the website, on nearly every 
page. There were several types of violations cited, most of which related to text, linics, buttons, and menus. 
Aesthetically, evaluators found that the many of the colors did not match; which made the site appear 
unprofessional. For instance, on the COE Homepage (See Figure 3), there are at least eight colors used for the text: 
gray-blue, pure blue, dark-blue, orange, red, black, gray, and green-gray. In some cases, different colors were used 
in the same phrase. For example, on the COE homepage, the phrase "Aggie Alumni Reunion" was displayed in blue 
and "2005" was displayed in orange, even though they were part of the sc,tme phrase. In general, ·the use of so many 
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colors is distracting because each color draws the user' s attention. Also, some colors have low contrast when on top 
of a white background, so the use of colored iext can make the words difficult to read. 

Color choice is particularly important for links. Currently, standards on the web indicate that a link should be in blue 
font and underlined. However, this convention is rarely followed on the COE website. Links are many different 
colors and almost never underlined. In one case, a phrase in blue, underlined text turned out to be a heading, but not 
a link. Some websites deviate from this standard ( often to satisfy ·the aesthetic "matching" principle by using a color 
that matches the rest of the website), but in those cases, it is even more important to be consistent with all links in 
the website. 

To fix this problem, color can still be used throughout the site, but it must be used with a purpose. For instance, 
color is an effective way of grouping two related items together and indicating differences between two things. But 
with too much color, it becomes distracting, making it hard to read text. For pages with a white background, black 
text is usually appropriate for all non-link text because it is the easiest to read. If another color must be used for 
emphasis, or a heading, then the color should stay within the color palette of the site. This will enhance aesthetics 
and to maintain consistency from page-to-page. 

COllKE tlOIIE 

~ 

~ -, .. >. 
lilUClftlt.~Jtlll. - > . 
R•M.mll , ► -

f>n>ers. -~•· 
Alumnt 
~Ull!lf ___ ,,., •• 

<;;o-T<>C-.. n 

Afef'l~tl'~r.e: 
li.,.. .. .,.,if,t 
~ _»1-fflS ·---1 e; ....... ~ . 
c,39)~~ 

Aggie Alumni Reunion 2005 

Photo Gall&ry 
I (),JP.rnng Breakfa-si 

1 Recept,on 

Opening - Oct. 14, 2005 

Figure 3 - COE Homepage 

Problem 2: large, irrelevant pictures , 
Most of the pages have two large pictures, one going across the top of the page and another underneath the 
navigation buttons on the left (see Figure 3 and Figure 5). While the pictures themselves appear to be professionally 
done, evaluators commented that they were often not relevant to the page on which they appeared. For example, on 

. the industrial engineering homepage, a high school boy leans again~t bis locker. The picture size greatly affects the 
usability of the site, because users must scroll down to read the body of the page. This additional scrolling 
significantly increases the navigation time required per page. 

The use of pictures can be fixed easily by eliminating the bottom· picture on each page, and by modifying the header 
to use smaller department-specific photos, instead of generic, "stock" photos. Eliminating or changing the pictures 
to be smaller.wmild·decrease the average navigation time significantly (assuming that the body text would be 
located higher on the page). Finally, the designer should avoid stretching the photos at all costs, because stretching 

· makes most pictures appear ·~atural and pixilated. 

Problem 3: double-scrollbars 
The use of scrollbar.:.controlled text-fields within the body of the page affected the usability of a large number of 

-pages. Evaluators found that this usability problem interacted with problem number two. Because the images were 
so large, the user had to scroll down to see the content of the page. If there was another scrollbar inside the page, the 
user first had to notice that the scrollbar they were using did not apply to the embedded scroll box. N:ext, the user 
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had to release the main scrollbar, move to the new bar, and then click and drag it. Consequently; the double-scrollbar 
presents several usability problems: (1) some users will not notice the second scrollbar and will not read the text; (2) 
for most users it will take longer to view text; and (3) informatiott contained inside the textbox that is controlled by 
the second scrollbar will not be printed accurately. 

The best way to solve this problem would be to avoid the use of dual scrollbars. This can be done by either dividing 
the content into two pages (e.g., placing a link to the text instead ofa scroll box), or by placing th~_text in the body, 
which allows the user to use the.browser's scrollbar only. 

Problem 4; lack of navigational links 
This problem identifies a feature that the website lacked: links within the body of a page. Often, when reading text, 
users encounter information that they wish to explore more. For example, on one departmental page, the text in 
Figure 4 is presented: 

Welcome 

The Civil, Architectural, Agricuhural and Environmental (CME) 
Engineering is a uniquely interdisciplinary association of faculty and 
students with complementary interests and expertise. The department 
encompasses three undergraduate programs: 

a. Civil Engineering, 
b. Architectural Engineering, and 
c. Bioenvironmental Engineering (formerly Agricultural 

Engineering). 

Figure 4 - Text with no links 

Users interested in Civil Engineering may wish to go directly to that page. Instead, the user must find the Civil 
Engineering page through a series of menu options, which significantly increases the time required to get to that 
page. This problem is exacerbated by the lack of consistency oflink color and underlining- even when there is a link 
it is hard to find. 

To fix this problem, the designer should attempt to include relevant links when appropriate. The designer may want 
to sift through each page to look for potential cross-links. This cross-linkage will greatly increase the ability of users 
to navigate the site. However, limited the number of links is also important, because too many will increase visual 
clutter and do more harm than good. 

Problem 5: button menus 
The evaluators report that buttons on the website were often not clickable, violating Norman's principle of 
affordances [5]. Buttons were often used as menus, sometimes to the detriments of the site's usability. For example, 
on.the page shown in Figure 5, six buttons are used as a navigation menu for information regarding the graduate · 
program. There are several problems with this implementation. First, only one of the buttons is clickable. Next, none 
of the menu options are clickable, which means the user cannot view the program information in a nonnal window, 
nor can it be printed. The menu requires the user to hold the mouse over the dialog box but if it is moved, the text 
goes away. Finally, the menu also does not allow full HTML formatting, so long blocks of text may be harder to 
read. 
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The use of buttons should help users find information more efficiently, but in several cases they do not. For instance, 
eight buttons on the CAAE site are used to navigate information such as "Objectives" and "Program of Study." 
Since each of the topics only has a short paragraph or even just a single line of text, it would be much more efficient 
to display all of the information on one page. 

The differences between the two set of buttons mentioned so far is another problem in itself- there is little 
consistency in the look and functionality of the buttons used throughout the COE website. This inconsistency makes 
it difficult for users to predict the outcomes of their actions. Finally,_ because buttons are objects of finite size, the 
amount of descriptive text the designer can use is fundamentally limited. Finding the right word can be a difficult 
and sometimes impossible task. 

The designer should avoid the unnecessary use of buttons, and especially buttons with menus. Often in this website, 
each option in the menu or under a button provides only a small amount of information, and it would be more 
efficient to show all of menu options on a single HTML page. In addition, if buttons must be used in the body of a 
page, then their look and functionality should be co~sistent with each other and with the site (e.g., colors). Finally, 
the designer should consider user expectations about the functionality of buttons. For instance, clicking the 
"Overview" button should tak~ the user to the "Overview" webpage, not to a menu. 

· Problem 6: external links 
Throughout the COE website, there are both internal and external links. External links point to entirely different 
websites, and they can sometimes confuse the user if they are not expecting to be taken to another site. Throughout 
the COE, the difference between an external link and an internal link is rarely obvious. While this is a relatively 
minor issue, a related issue can be more troublesome. Often a link leads not to another web page but to a file. If a 
user clicks a link that opens a PDF, then they may forced to wait for it to download. If the file is large or the 
connection is slow, it may significantly disrupt the user's navigation. If the user is using a slow computer, a large 

- PDF make actually cause th·e~ browser to crash. 

To reduce the possible errors from this problem, a link should make it clear when it will take the user away from the 
site. Grouping external links together may help users guess that the link will direct them to an external site because 

. all of the links around it do the same (e.g., place "International Study" next to "US Department of Emigration." In 
addition, links to files should warn the users about the type of file behind the link (e.g., "Course Catalog (PDF)"). 
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Problem 7: site organization 
The site-wide organization can be considered a usability problem. The problem is composed of many aspects, such 
as grouping of links in the navigation bar, the lack of a sitemap, the la«?k of "back" links, the lack of consistent page 
titles and headings, and the lack of any "breadcrumbs" that show the page's placement in the website hierarchy. 
These problems could be especially troublesome for users who do not know about the engineering departmental 
structure already, or people who use an external search engine (e.g., Google) to find a page without first going to the 
homepage. Even for experienced users, the grouping of links in the navigation bar may cause them to search for 
information on several pages before they find the right page. Some links that may be popular are buried in the site, 
accessible after several clicks from only one page ( e.g., the different program options for graduate school). 
Evaluators also reported that there may be too many links in the main menu. · They agreed, for instance, that a branch 
of the menu titled "University Links" was not needed, since students have faster methods for getting to those sites. 

To help solve this problem, it may be useful to visit departmental pages at other universities to see how they 
structure the content on their page. Most users ·will expect the site to be organized similarly to other university sites 
that they have visited. The designer should also consider eliminating some functionality to reduce the amount of 
clutter. 

Problem 8: calendar too complex 
On the COE's calendar page, several interrelated problems limit the usability of the COE calendar: (1) the 
navigation buttons disappear; (2) the "back" link is placed in an unfamiliar place; (3) the small circular "add event" 
buttons do not work and clutter the display; (4) bold colors distract the user from the calendar content; (5) too much 
information is displayed for each day; (6) the links to event descriptions do not appear to be links; and finally, (7) 
several pop-up descriptions appear when hovering over each day, making it diffic~lt to read. · 

Clearly, the calendar feature has a lot of functionality. For instance, the user can switch between month views and 
week views. But this functionality comes at a price to novice users who might not understand what they can do or 
how they can do it. The calendar page is a perfect e?{ample of a usability-functionality tradeoff, which says that 
usability often decreases as the number of functions and features increase. If the page was intended for novice or 
intermittent users looking for an event, then the complexity of the interface will significantly their ability to use it. 

To reduce clutter and increase usability, the designer could remove all unnecessary visual elements and text from the 
calendar. The designer should also consider switching the default display from the monthly format to the weekly 
format, so that faculty and students can quickly scan events for that week. 

Problem 9: non-standard display of faculty ·information 
Problem nine describes the usability problems of the departmental faculty pages. First, users must select one 
professor from a combo-box, which prevents the user from viewing several professors at once ( e.g., searching for a 
professor with similar interests). The contact information for each professor is listed in a non-standard format and in 
several colors. The description of each professor's research interests is forced into paragraph format (instead of a 
more natural bulleted list), making it difficult to read or skim. Finally, the office hours are listed on a separate page, 
instead of below each professor's contact information. · 

The text and links should follow the same recommendations outlined for problem one.( color). Since the text was 
written in short phrases, it would be better suited to a bullet list, instead of a paragraph format. Combo-boxes should 
only be used when users will want to select one option. If several may be of interest, then checkboxes or list boxes 
could be used instead. Finally, if possible, keep information about one professor all in one place, including hours, 
bios, e-mail addresses, etc. This will help the webmaster keep information up to date. 

Problem ten: display of internal and administrative links 
Throughout the website, usually on pages which require information to be regularly updated, links are displayed that 
were intended for web administrators. For instance, on the calendar page, there are buttons ·for an administrator to 
add a calendar entry. If the user accidentally clicks the button, they are taken to a web form in which they can enter a 
new calendar event. Should they take the time to fill out the form, they can successfully submit the new event. 
However, the calendar will not be updated (though it provides no error message). Similarly, a ~'Go to news admin" 
link on the "College News" page takes the user to a login page, even though they will not have the privileges to use 
it. For outside users, it may be confusing, and overall it should be avoided. The designer can prevent errors and 
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clutter by hiding the administrative links from users through the use of an administrative login ( and the 
corresponding logic that only displays adm~istrative text to a user who has logged in). 

CONCLUSIONS 

The heuristic evaluation of the College of Engineering website, using the Neilson's ten heuristic principles, revealed 
many usability problems. The most severe problems were persistent, frequently occurring, and impacted the 
usability significantly. Fortunately, about two-thirds of the problems were minor or aesthetic problems only, and just 
four were rated as severe. The design was generally sound; and the changes required may have been tedious, but 
they were all technically feasible. 

The heuristic evaluation was shown to be an important technique that can compliment formal usability testing. 
Because a heuristic evaluation only requires three to five evaluators, it can be a cost-effective, time-saving method 
for analyzing the usability of a website. · 
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UNDERSTANDING THE LEVEL OF CMC ENGAGEMENT AMONG 
UNDERGRADUATE INFORMATION SYSTEMS STUDENTS 

Jonathan Laz.ar · 
Towson University 

INTRODUCTION 
There has been an increasing concern in higher education about the lack of civic engagement among undergraduate 
students. Civic engagement is defined as involvement in community groups, social action, political processes, and 
societal issues. The problem is that undergraduate students are not voting, are not aware of pol\tical issues, and are 
not involved in their community. 

The issue of civic engagement has been framed in recent books, such as "Bowling Alone" by Robert Putnam 
(Putnam, 200 I). Bowling alone refers to a paradox that exists: in the past few decades, participation in bowling 

· leagues has dropped in half, while bowling itself is as popular as ever. People are taking part in fewer community 
organizations, don't know their neighbors, are less likely to vot!l, or even to be informed about political issues. The 
bottom line is that people are dropping out of the fabric of society, and simply do not consider these issues of 
society. 

Civic engagement is starting to be addressed by a number of initiatives, including the American Democracy Project, 
sponsored by the American Association of State Colleges and Universities 
(http://www.aascu.org/programs/adp/default.htm) and the New York Times. The American Democracy Project is a 
non-partisan project, involving the universities that are member of the American Association of State Colleges and 
Universities. One of the stated goals of the American Democracy Project is to "increase the number of 
undergraduate students who understand and are committed.to engaging in meaningful civic actions." 

To understand what needs to be done and plan for the future, one must first examine the current levels of civic 
engagement among students. A number of universities are taking two separate inventories of civic engagement: one, 
to examine their undergraduate students and their attitudes towards civic engagement, and two, to examine the 
current activities at the university that are related to civic engagement. This project falls into the former category. 
While broad changes related to global curriculum requirements can impact on thousands of students at a university, 
these types of curriculum changes are years in the making. However, by understanding the civic engagement levels 
of undergraduates within a certain academic major, small changes can be made to the curriculum relative quickly, as 
a part of the overall organizational goal of civic engagement. 

The goal of this paper is to examine the level of civic engagement among undergraduate JS students. A survey was 
distributed to a group of graduating senior students in information systems. Based on the data results, suggestions 
will be made on how to make curriculum changes to improve civic engagement among these students, and how this 
can be a part of the overall organizational involvement in civic engagement. 

RE°LATED RESEARCH 
While there is no known research on civic engagement among information systems students, there is a good body of 
research on service-learning within information systems and comp1,1ter science. Service-learning is when coursework 
includes a community service component that relates to the material being studied. Students assist the community in 
a way that includes structured learning and reflection (Jacoby, 1996). Community partnerships, such as service
learning experiences, are increasingly being used in computing courses, to help bridge the gap between theory and 
practice (Laz.ar & Lidtke, 2002). In the service-learning paradigm, students work on community-based computer 
projects that relate to and build on the course material, and at the same time, fill an actual community need. Service
learning has been used successfully in courses such as web design (Lazar, 2000), computer networking (Ruppel & 
Ruppel, 2002), database design (Jimenez, 1995), and software engineering (Sanderson & Vollmar, 2000). Students 

· who take part in service-leammg projects often report higher levels of satisfaction with the course, and a higher level 
of mastery of the course material (Lazar & Lidtke, 2002; Ruppel & Ruppel, 2002) 

Curre~t curriculum standards include the general topic of professional ethics, but do not address societal or 
. community issues. These curricula include the Computing Curriculum (sponsored by the IEEE Computing Society 
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and the Association for Computing Machinery), the Information Systems-Curriculuni (sponsored by the Association 
for Computing Machinery; Association for Information Systems, and the Association oflnformation Technology 
Professionals), and the Information Resource Management ~urriculum (sponsored by the Information Resource 
Management Association and t~e Data Administration Managers Association).· 

The· levels of civic engagement in information systems graduates do have major impacts on society. An important 
example ofthis can be s·een in the topic of web accessibility, or designing web sites that can be used by people with 
disabilities. People with disabilities use various types of assistive technology, such as screen readers, refreshable 
braille displays,. alternative keyboards, alternative pointing devices, and voice recognition (Paciello, 2000); (Slatin & 
Rush, 2003). However, for these assistive technologies to work, a web site must be designed to follow a series of 
interface guidelines. These guidelines, such as the guidelines from the U.S. Federal Government 
(http://www.section508.gov) or the Web Accessibility Initiative (http://www.w3.org/wai) can guide developers in 
making sites that are accessible for people with disabilities. 

U.S. Fede..;.l Law requires that government web sites, or government-funded web sites, must be 100% accessible to 
users with disabilities. It is currently unclear in the law whether private sites must be accessible. For instance, in 
October 2002, Southwest Airlines won a lawsuit, allowing them to keep their current web site inaccessible. The 
ruling was that the Americans with Disabilities Act did not apply to web sites. However, the court ruled not that 

. Southwest Airlines had the right to an inaccessible web site, but that a web site did not count as a "public 
accommodation" as defined by the Americans with Disabilities Act (Coffee, 2002). In another legal action, the 
Attorney General ofNew York State, Eliot Spitzer, announced that, in the state ofNew York, the Americans with 
Disabilities Act does apply to private companies that provide public accommodations (such as travel web sites), and 
forced Ramada.com and Priceline.com to make their web sites accessible. (General, 2004). 

Given ·the conflict between current court cases and announcements from state officials, there is no clear guidance for 
individuals that develop or maintain web sites, on whether their web site is required to be accessible for people with 
disabilities. This is where civic engagement comes into the picture. Ifthese·computer designers are involved in the 
community, and are concerned with the fabric of society, they might decide that web accessibility was an important 
topic, regardless of what the law did or did not require. If these computer designers were not civically engaged, they 
might not be concerned with the topic of accessibility, deciding that it was "someone else's problem" to sblve. This 
is a serious concern, as most non-governmental web sites ( estimate: 60-80%) continue to be inaccessible for users 
(Lazar, Beere, Greenidge, & Nagappa, 2004; Sullivan & Matson, 2000), and accessibility levels are only getting 
worse (Lazar & Greenidge, 2005, in press). The major challenge is not the technology, but the people. In a study of 
webmasters and their perceptions of web accessibility, a small percentage ofwebmasters outright rejected the 
concept of accessibility, stated things such as that " ... nothing less than government mandate [ would make my site 
accessible]. I am sympathetic ·with visually impaired individuals, but they are a minority group." Another 
respondent, when asked whether they address·accessibility, said "Yes, unfortunately. Without having to consider 
such matters, our sites would be better." (Lazar, Dudley-Sponaugle, & Greenidge, 2004). These are not civically 
engaged respondents. How civically engaged are information systems students? These are the questions that this 
project will attempt to answer. 

METHODOLOGY 
To collect some baseline data on the. civic engagement of undergraduate Information Systems students, a survey was 
distributed to a selection of graduating undergraduate students. These survey responses were not necessarily a 
representative sample, rather, they were students that were asked to take part and chos~ to tak;e part, from two 
senior-level IS classes. The survey came from the NSSE survey, which is asked of incoming college students. A new 
portion of the survey was added, dealing with civic engagement related-questions. This survey, which has been pre
tested, was provided by the staff at the American Democracy Project, and is currently used at many campuses to 
assess the levels of civic engagement. The survey consisted of three questions, with multiple components to each 
question. A total of 28 students responded to the survey (22 males, 5 females, and I student that did not indicate 
their gender). 

RESULTS 
The first question on the survey asked "How important is each of the following issues or causes to you?" Results of 
this question are in table I. · 
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Very Important Somewhat Not too Important Not at all 
Important Important 

Education 78.6% 17.9% 3.6% 0.0% 
Environment 53.6% 32.1% 14.3% 0.0% 
Healthcare 60.7% 32.1% 7.1% 0.0% 
Economy 50.0% 42.9% 3.6% 0.0% 
Entertainment & 42.9% 42.9% 14.3% 0.0% 
recreation 
Religion 28.6% 17.9% 35.7% 17.9% 
National Security 35.7% 53.6% 7.1% 0.0% 
Human and Civil 53.6% 39.3% 3.6% 3.6% 
Rights 
Neighborhood 32.1% 46.4% 17.9% 0.00% 
International 32.1% 35.7% 32.1% 0.0% 
(note: not all categones add to 100%, as students dtd not_~lways respond to every category) 

Table 1. Student perceptions of which issues or causes are important to them. 

It is expected that education would be considered to be very important by students, and 96.5% said that education 
was very important or somewhat important. However, it is interesting to note that the issues considered least 
important were religion (53.6% said that it was not too important to not ~tall important), international (32.1% said 
that it was not too important or not at all important) and neighborhood ( 17. 9% said that it was not too important or 
not at all important). This is an important finding. 

The second question asked about some of the various civic engagement activities that students might be involved 
with. These activities have been defined as important civic engagement activities, by the American Democracy 
Project. Results are in table 2. 

Civic Engagement Activity Percentage that took 
part 

Join a local community group or 21.4% 
association 
Fundraise for a charitable organization 10.7% 
Participate in a fundraising run/walk/ride 10.7% 
Volunteer with a local community 21.4% 
organization or religious group 
Send a letter or e-mail to the media 10.7% 
Contact public officials about an issue 10.7% 
Sign a petition related to a political or 17.9% 
community issue 
Organize a petition 0% 
Display buttons, signs, or stickers about 14.3% 
political or social issues 
Participate in a boycott, protest, or rally 3.6% 
about an issue that is important to you 
Volunteer to work on a political or issue 3.6% 
campaign 
Run for an elected leadership position on 0% 
or off the campus 
Vote in an election either on or off campus 57;1% 

Table, 2. Types of civic engagement activities that students are involved with. 
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The most popular civic engagement activity w'as voting, and 57 .1 % of s.tudents responding indicated that they voted 
either in a governmeni or an on-campus election. The next most popular activities were to join a local community 
group ·or association~ or to volunteer with a local community organization or religious group (21.4% of students 
indicated that they took part in each of those_ activities). It 'is interesting to note that none of the students organized a 
petition or ran for any type of-elected position. 

The survey also ~ked·students to state why they were involved in these activities. Students were allowed to mark 
more than one choice, and mark as many choices as applicable for each civic engagement activity, so percentages 
wouldn't be accurate in this case. The number of times that a reason was cited is given in table 3. The reason cited 
most often was ''to feel that I was making a difference," with 28 'times cited. 

Reason for getting involved Total number of times 
cited 

To feel I was making a difference 28 
To satisfy a requirement 5 
I was inspired by courses or a professor 2 
Religious reasons 5 
My friends or family are involved 7 
To prepare for a job or a future career 1 
It's fun or satisfying 3 
Other reason 3 

Table 3. Reasons cited for taking part in civic engagement activities. 

One additional question asked students where (and if) they get their information on news, volunteering, and voting. 

No,I Yes, I pay attention to this and get my information from the following s_ource: 
don't 
usually 

.. 
pay 
attention 
to this 

My Family or Radio TV Print Online 
institution friends newspapers sources 

or 
magazines 

Local news 3.6% 0.0% 7.1% 0.0% 53.6% 10.7% 14.3% 
National news 0.0% -0.0% 0.0% 0.0% 53.6% 10.7% 21.4% 
International news 3.6% 0.0% 0.0% 0.0% 53.6% 3.6% 32.1% 
Volunteering 50.0% 3.6% 3.6% 0.0% 10.7% 10.7% _ 14.3% 
Voting 21.4% 0.0% 3.6% · 0.0% 32.1% 7.1% 25.0% 
Being involved in 53.6% 7.1% 3.6% 3.6% 10.7% 10.7% 3.6% 
social or political 
issues 

Table 4. Which sources students use to find information about civic activities 

It is interesting to note that 53.6% of students say that they do not pay attention to information on being involved in 
social or political issues. 50% of students do not pay attention to information on volunteering, and· 21.4% do not pay 
attention to information on voting·~ Overall, the primary sources for information on civic engagement were television 
an4 online sources. Family and friends, institutions, and radio, were not major sources for information on civic 
engagement. 
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SUGGESTED CURRICULUM ·cHANGES 
Based on the findings of this project, a nlJil1ber of suggestions can be made for curriculum changes to increase civic 
engagement. These curriculum changes can be sprinkled across a number of different courses, such as Introduction 
to Information Systems and Systems Analysis and Design. · 

· - Provide a one-week lecture on the social impacts of computing technology, and the role of the IT worker in 
society. While a general education course in the Social Impacts of Technology is offered, most IS majors do not take 
it. It is clear that IS majors are not involved in most types of civic engagement activities, and many IS majors are not 
interested in issues within their neighborhood or in the international community. A stronger link therefore needs to 
be made between information technology and the impact on society. For instance, the case study of Camfield Estates 
might be presented, where information technology was provided to an economically disadvantaged community, and 
in the end, the technology helped empower the community members to improve their lives (Pinkett, 2002). 

- Provide a one-week lecture on how people find news and information. Since most students look to television or 
online sources for information, it might be interesting to compare these sources with other sources, for accuracy, 
detail, and source information. How credible is this information that is being found on the web? Previous research 
has already found that most users do not spend the time to determine whether electronic information is credible (Fox 
& Rainie, 2002); (Fogg, 2003). 

- Provide a one-week lecture on leadership within the IS profession. In the survey, no students reported taking part 
in any type of leadership role, either in campus government, organizations, or even organizing a petition. This 
confirms an informal observation for years---IS students do not become leaders on the campus. A short lecture on 
leadership within the Information Systems profession might help instruct students about the need for leadership. For 
instance, IS professionals have been moving up the organization structure, to assume positions such as Chief 
Information Officer, responsible for the quality of information flow within an organization. 

SUMMARY 
This paper discusses the topic of civic engagement, within the population of information· systems undergraduate 
students. Based on the data findings, it seems that information systems students are not involved in many civic 
engagement activities, outside of voting. Suggestions were made in this paper, on curriculum modifications that 
could be made, with the goal of increasing civic engagement within information systems students. More research 
work needs to be done, with a larger sample of information systems students. In addition, curriculum changes should 
be evaluated to determine if they do have an impact on civic engagement levels. 
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TEACHING IMPROVED METHODS OF TUNING AND ADJUSTING HV AC CONTROL SYSTEMS 

Larraine Kapka, Russell Marcks. and Alan Watton 
· Sinclair Community. College 

PROJECT INTRODUCTION 
The process control industry has long recognized the importance of control loop tuning. Various loop tuning 
methods have existed since the l 940's and the process industry has been responsible for a number of advancements 
in these methods. This includes sophisticated software to continuously monitor processes and adjust tuning 
parameters on-the-fly. Such software monitors all controllers on the local communications bus. The software is 
designed such that it is also necessary to know which specific controller models are being monitored. Although 
complex, it works well in the process industry where suboptimal tuning can result in significant financial loss . 

. However, this does not yet exist in the building HV AC industry for any number of reasons. First, a common 
communications protocol for the HV AC control industry has not yet emerged. It is true the introductions of 
BacNET and Lon Works have made tremendous strides toward ·this goal, but there is a long way to go. There is also 
the issue of cost. It is unreasonable to assume building owners· wiH gladly pay substantial monies for software 
performance monitoring systems as those currently existing in the process industry. _Finally, there is the education 
component. Most HV AC control technicians and engineers do not seem to understand the concept of a formal loop 
tuning procedure. Persons that are well versed in formal tuning methods often cannot employ these methods due to 
any number of restrictions. These restrictions may include the lack of proper, robust, and inexpensive field · 
equipment and the lack of time to allocate to loop tuning within the contrac! in which they are involved. 

Thus the goals of this project are actually quite simple. 

• Develop a robust method of data collection in the field independent of the manufacturer and model of 
controller found on the job. 

• Keep the cost of such data collection equipment under $1000. 

• Allow the method to be deployed by an educated control technician rather than requiring the expertise of a 
control engineer. · 

• Develop an instructional learning module for use in the classroom with which to educate and train the . 
HV AC student in the art of control loop tuning. 

Preliminary investigation uncovered an unlikely alternative; the use of a TI calculator and a handheld data 
acquisition unit could potentially be used to collect suitable data for a relatively simple. loop tuning analysis. 

PROJECT BACKGROUND 
This project has its origin in a previous National Science Foundation (NSF) funded project in which three control 
trainers were developed for educating students about Heating, Vent_ifation, and Air Conditioning (HV AC) Control. 

· These trainers were used to expose the student to the steady-state and transient behavior of typical HV AC control 
systems. These systems were outfitted with appropriate data recording instrumentation, including a flatbed recorder, 
to study this behavior. As a condition of the project, the results were disseminated via a hands-on seminar to a 
group ofHV AC professionals. Although impressed with the results, this group asked the question: 

"Could a less expensive and more robust alternative be developed, suitable for use by engineers 
and technicians, to check-out and aid in the commissioning of HVAC systems in the field?" 

The commissioning process to which 'this. group referred is a growing trend in the construction industry. During 
commi_ssioning, installed equipment is subjected to a systematic and rigorous process of checkout, adjustment, and 
certification. Several issues motivate this trend. Some of these issues are: 
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• The realization on the part of the American worker that they spend an increasing proportion of their 
working lives subjected to the interior conditions of the space including that of indoor air quality 

• The dissatisfaction of teriants and building owners with the performance of installed systems. 

• . An increasing awareness of energy usage and energy costs 

Although the control manufacturer is responsible for the competent design of the controller and associated hardware, 
it is the designer and the installer that must assume much of the responsibility for the perfonnanc~_of these systems. 

In that vein, HV AC control manufacturers have developed controllers with autotune capability. However, it is well 
known autotune has a number of inherent drawbacks. In many cases, autotune is not invoked due to the processing 
power required by the feature, thus detracting from the controller's primary purpose of controlling the indoor 
environment But perhaps more importantly is the fact autotune is based upon an assumption of linear response. 
HV AC systems· are predominantly non-linear. Although the process industry has long recognized this, it is seldom 
discussed in undergraduate courses or in most HV AC control textbooks. As such, the typical HV AC control 
technician is unaware of the existence of such nonlinearities, mu.ch less how to cope with them. As a result, most 
HV AC control systems are tuned via rule-of-thumb procedures that do not take into account the unique 
characteristics of individual systems and loops. 

It is also disconcerting that control manufacturers will often propagate such procedures . . If one were to review the 
user's manual for a typical process controller, one would find pages of text explaining some method of manually 
tuning the control loop. This is not generally the case with HV AC controllers. The following is an excerpt from the 
manual of a well-known HV AC control manufacturer regarding the adjustment of the integral time constant for a . 
particular family of controllers. 

RESET TIME ADJUSTMENT ([MODEL A AND BJ ONLY) 

Adjust reset time (fr), according to the job drawings, with reset time adjustment knob. Decreas~ 
setting until system becomes unstable. Increase setting slightly until system becomes stable. 

It is obvious to the practiced control engineer such instructions do not well serve the end goal of an optimally tuned 
control loop. Many instruction manuals that accompany an HV AC controller do not even address the issue of loop 
tuning. Thus, a common rule-of-thumb practiced by the HV AC control technician is to adjust the controller gain 
until the end device stops moving. The lack of understanding of integral and derivative control modes usually 
precludes the use of these control modes in the typical HV AC loop, even if the loop would be well served by 
including these modes. Even if integral control is originally set up during the commissioning process, it is often 
disabled shortly thereafter by the building operator. This is generally a direct result of the lack of understanding of 
control loop tuning and the inability to properly adjust a loop that has become unstable. 

Further literature review by the authors also uncovered a survey done by Tecmation1 indicating the following facts 
about the process control industry: 

• · 30% of controllers are operated in manual 
• 65% of controllers are poorly tuned or de-tuned to mask control related probiems 
• 50% of actuators, transducers and positioners are improperly calibrated 
• 20% of control systems are not properly configured to meet control objectives 

Another issue of poorly tuned control loops involves increased valve maintenance. Although there has been an 
increase in the application of electronic actuators in the HVAC industry, pneumatic control valves are still quite 
common. Valv_e maintenance in an improperly tuned loop can become expensive. This top~c was addressed by Top 
Control USA, Inc. in an April 2~02 issue of Control Magazine2. Their results are summarized below. . 
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• Valves are 50% to 75% of system first cost, but as much as 90% of loop maintenance cost 
• Valves in a well-tuned loop may stroke 15 to 200 times per day. Poorly tuned valves may stroke up to 50 

times as much · · 

• Air typically costs $100/yr/scfm 

Not Tuned Tuned Savings 

Strokes/day 100 20 80 

Tuning Cost $0 $100 - $200 ($200) 

Maintenance $1000 $500 $500 

·Air Use $480 $100 $380 

Valve MTBF Ix 2-5x 

Savings $680/valve 

(Based on $0.06/kWh) 

Table 1 : Potential Valve Sav~gs 
(Source: Top Control USA, Inc. as printed in Control Magazine, April 2002)1 

The aforementioned studies are primarily geared to the process control industry. However, there is little reason to 
suspect the HV AC industry is immune to such considerations. For example, the following is excerpted directly from 
a report prepared by the Oregon Office of Energy regarding a case study of the Direct Digital Control (DDC) 
systems in the Oregon public school system. 3 

However, in its work with schools, the Oregon Office of Energy has discovered that a DDC system 
sometimes brings a school more problems than benefits. For example: 

• To maintain stable temperatures in 60 percent of its classrooms, a new middle school had to 
manually operate its ma/functioning DDC system. Maintenance staff members bypassed the 
$144,000 automated controls to modulate the supply air temperature. They manually opened 
the heating valve in the air handler and adjusted the outside air damper. 

• A new elementqry school's $77,500 DDC system caused the building's heating and ventilation 
system to run around the clock, even on weekends. The building's air pressure was so high 
that doors could not close automatically and several rooms were always too hot or cold 

• An elementary school built 20 years ago spent $100, 000 on an energy efficiency retrofit that 
included new steam actuators, new damper actuators, T8 lighting, an 80-gallon water heater 
to replace boiler water heater operation in the summer, and a DDC system that served only 
as a glorified time clock. The result was a utility bill that increased from $11,000 a year to 
$17,000 a year. 

We estimate that about 200 or one-sixth of Oregon K-12 schools have dysfunctional DDC systems. 
By fzxing DDC design, installation and user errors, these schools could save an estimated 11.5 
million kWh and nearly one million therms of natural gas. They would cut their energy costs by a 
total of more than $1 million per year. They also would increase building comfort and reduce the 
amount of staff time spen! on jerry-rigging the DDC and HVAC systems to work cor~ectly. 

It quickly becomes obvious that building control systems require significant attention. It should be noted the 
Oregon study does not specifically state nor imply all the problems they experience are related solely to control loop 
tuning. However, what is obvious is the. lack of understanding of control systems by a number of those involved. 
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One step toward helping to solve this problem is to educate and train appropriate individuals on the dynamics of a 
control loop and how to tune that control loop for optimum efficiency. To do that, field personnel require a simple, 
inexpensive method to colle_ct data so as to perfonn the proper analysis. It is expected such analysis will have one of 
two results: · 

• . The analysis will provide a set of tuning parameters allowing for proper and optimized control loop 
response 

• The analysis will quickly show difficulties in the control loop that are not easily handled in the field. Such 
difficulties can be reported back to the design office for proper dispensation. 

PROJECT APPROACH AND EXECUTION 
The original NSF grant that spawned this project made use of a laboratory-grade flatbed recorder to make a record 
of the dynamics of the control loop studied by the student. This worked.well in the classroom. However, such a 
device is f-ar too expensive and far too delicate to withstand the abuse one encounters in the field. When this project 
began, there was little available in the way of equipment designed specifically for the proper collection of data in the 
field for the purpose at hand. One consideration was the use of a hand-held oscilloscope. However, the cost and 
complexity of such a device ruled it out immediately. It quickly became apparent that the TI-83 series of graphing 
c~lculators, coupled with a handheld data acquisition unit by Vernier, would be quite suitable. 

The graphing capability of the calculator provided the ability to monitor the dynamics of the system in real-time. A 
major advantage was the fact many students already owned a TI calculator. Also, the Vernier data logger, designed 
specifically for use in schools, was quite inexpensive. This means a contractor, ,a consulting engineer, or even the 
building owner could easily purchase the unit since payback would be rapid. Since most technicians already carry 
laptop computers, it becomes a simple matter of downloading collected data to the computer for analysis. · 

Typical HV AC processes will include temperature control, pressure control and flow control. Temperature control 
can be further sub classified into space temperature control and discharge temperature control. The speed of 
response of each control loop is substantially different. By far the slowest loop is space temperature control where 
the period of cycling may be 20 minutes or more. The fastest loop is generally the pressure control loop where 
response can be measured in seconds. To collect tuning data on such loops requires· the equipment have several 
features. 

• First, the calculator must have significant programming capability to allow for flexibility in its application. 
This also means it should be able to be easily reconfigured for cases not originally considered by this 
project team. 

• The calculator and the data logger system require significant memory to collect and store data. 

• The sampling rate of the .data logger needs to be sufficiently short to collect enough data to define the 
waveform of a fast cycling process &uch as pressure. 

• The sampling rate of the data logger needs to be sufficiently long to collect data for something like a 
temperature process. Since·temperature processes are usually not very noisy and take a long time to cycle, 
it is unnecessary to collect large amounts of data to properly define loop oscillations.- Coupled with number 
three above, this means a variable sample rate is desired. 

• The data logger is required to accept two synchronized inputs. One input is from the sensor-transmitter for 
the control variable being analyzed. The second input would have to record the step signal used to induce 
system upset. The inputs would have to be synchronized in the time-domain to allow loop analysis by any 
one of a number of available open-loop tuning methods one might wish to employ. The inputs would have 
to be capable of accepting common process signals as found in the HV AC industry. · 

• The unit must be able to analyze the data on the spot to provide proper tuning parameters. Lacking this 
capability ... 
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• ... the unit must easily interface with a computer to allow downloading data for analysis 

• The calculator and data logger m~st be able to operate on either batteries or AC power. If operating on 
batteries, one must be able to check battery condition to handle situations where the unit must remain on for 
several hours. 

The TI-83 Silver Edition and Vernier LabPro data logger met all above requirements except the sixth (the ability to 
analyze data on the spot). Although the calculator has significant RAM, most of it is used for data storage only 
(referred to as archive memory), not for running programs. However, it does have significant data storage 
capability. As such, we developed this unit to collect and store data in the field. The data would be downloaded to a 
laptop at a later time for proper analysis. · 

The TI-83 calculator was programmed to control the data logger from the calculator keyboard. To apply the unit in 
the field, one input of the data logger is connected to the transmitter used to send the signal to the controller. The 
user must also determine the voltage output of this transmitter over the range the tuning process will occur. The 
second input of the data logger is connected to a trigger signal. It is this signal that provides a disturbance to the 
control loop while simultaneously signaling the data logger to· begin data collection. This trigger could be a set 
point change or a simulated load change. · · 

A set point change may be accomplished in a number of ways. The easiest way to do this is to establish a reset 
schedule that will induce a step set point disturbance upon introduction of the trigger signal. One could also change 
the set point at the central monitoring station, but the signal would have to be placed on a spare controller output so 
it could trigger the data logger to begin collection. 

Instead of a set point change, one could simulate a step load change. To ~o this, one would place the controller in 
manual and move the final control device to some desired position away from steady-state conditions. Once the 
system has settled out, the operator would place the controller back in automatic. The control loop would see this as 
a step load change and respond accordingly. Of course, one must also place a trigger signal on a spare output to 
trigger the start of data collection when the controller is put back into automatic. 

To accommodate either situation, the calculator program provides the user with a series of option screens. These 
screens allow the user to adjust parameters for: 

• Data collection rate (sample time) 

• Transmitter voltage range (used to set y-axis limits on the calculator graph display) 

• Trigger voltage level 

• An override option to begin data collection without a trigger (useful for closed loop tuning) 

• The amount of time over which to collect data 

• A battery ·monitor for the calculator and data logger 

• Plot smoothing (affects display only, not raw data)_ 

• Data save routines 
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A typical data plot of an operating system 1s shown below. 

Figure 1: Calculator plots of control system response. The first is a plot 
of the raw collected data. The second is a smoothed version of the first. 
The third is the response of an untuned oscillatory system. 

Once the data ·is collected, it is easily downloaded to a laptop through TI Connect or TI GraphLink. The data is 
imported into an Excel spreadsheet, plotted, and then printed for a graphic hand analysis. For purposes of this 
project, we employed the.application of the Ziegler-Nichols closed-loop method, the Ziegler-Nichols process 
reaction method, and the Cohen-Coon open loop method. However, one could easily employ other tuning methods 
as might be appropriate for the process at hand. 

Currently, this methodology makes use of a graphical technique using hand-calculations. However, the use of Excel 
or other program such as MathCAD could be used to further automate the procedure for use in the field . 

. PRACTICAL CONSIDERATIONS - HARDWARE 
When this project began, the TI calculator and TI CBL (Calculator Based Laboratory) by Vernier were the only 
equipment available to meet the criteria outlined above. Soon after, TI dispensed with the original CBL. Vernier 
introduced a new CBL and renamed it LabPro. Unfortunately, Vernier soon learned their products were becoming 
popular for research, commercial use, and industrial use. This was outside their original intent of education. As 
such, and part way through this grant, Vernier began posting a disclaimer on their website and in their p~oduct 
literature specifically prohibiting such use. As a result, we investigated other options. 

The first option was the use of the Casio graphing calculator with their data logger. Due to the similarity to the TI 
solution, we did not explicitly test the recent version of the Casio data logger, the EA-200. However, the use of the 
calculator and a review of the capabilities of an older data logger, the EA_l00, proved the solution to be quite 
viable. Competitive in price, it has slightly more features and capability than the TI unit. 

For a short period of time, Hewlett Packard and a small company called Firmware Systems provided a competitive 
product in the form of the HP-48g and the Firmware Systems Portable DataLab. Although designed to compete in 
the educational market, it was also slated for use in the industrial setting. This system had much greater capability 
than either Casio or TI; capabilities approaching that of a handheld computer. Unfortunately, business concerns 
rendered the system unavailable, thus we conducted no further investigation into this option. 

Technology advancements allowed the introduction of a number of data logging devices. While most could not 
meet the requirements outlined above, we did locate one such device, the MultiLogPro, produced by Fourier 
Systems, Inc. Under the grant, we purchased several of these devices· and have used them successfully for purposes 
of HV AC control loop tuning. The MultiLogPro was originally designed by Fourier to compete with the Casio and 
TI systems within the educational market. However, Fourier soon learned the MultiLogPro was also well received 
in industry. To that end, they introduced the DAQPro and the TriLog. The TriLog is essentially the MultiLogPro 
with wireless data logging capability but no display screen. The DAQPro is the big brother to the MultiLogPro. 
The MultiLogPro has four input channeis, but can only accept signals in the 0-10 V or 4-20 mA range. The 
DAQPro has eight input channels and will accept virtually any process signal in use today including frequency or 
pulse signals . . Competitively priced with the calculator systems, the MultiLogPro is very intuitive, provides visual 
real-time graphing of data, will.handle most of the control signals found in the HV AC control industry. Although 
the MultiLogPro does come with its own analysis software for installation on a laptop, we found it is still preferable 
to download the data from the MultiLogPro to a laptop computer and use Excel to perform the analysis. For both 
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the ~ducational market and for use in the field, the Fourier devices have proven quite efficient in allowing us to 
reach our objective. 

PRACTICAL CONSIDERATIONS.: FIELD APPLICATION 
This project was supervised by a group of local HV AC industry engineers involved in HV AC control. As a group, 
they firmly believe the outlined process could be implemented within the HV AC industry and within the HV AC 
classroom. They also believe it could have great impact on the industry as a whole in terms of improved comfort 
and energy savings as the result of optimized control systems. · However, there are a few practical concerns. 

The ability to connect the data logger to a control system would require the terminals be accessible. This could be 
easily accomplished by wiring the terminals into a terminal block behind a locked panel. Obviously, this will add 
additional cost to the project. 

An even greater consideration is one of manufacturer warranty. Within the HVAC industry, it is usually the HVAC 
control manufacturer or authorized representative that will have a service contract with the building owner. This 
brings up the practical issue of warranty considerations. Although connecting the data logger to a control device is 
no different than reading the voltage at that device with a multimeter, our advisory committee felt this issue might 
prevent widespread implementation on newly constructed or renovated facilities. However, on systems out of 
warranty or where a service contract does not exist, this method is easily applied. 

Although the issue of using this method to tune pneumatic systems is not discussed in detail, it is applicable. To do 
so, one will need to select appropriate electronic transmitters to install, temporarily, along side the pneumatic sensor
transmitter-units. Of course, the pneumatic units remain part of the control loop while the electronic units are used 
only to observe system response. They are me interface between the pneumatic system and the data logger. The 
trick is to use an electronic transmitter with a time constant similar to that of the pneumatic units so they provide a 
proper view of system response. 

PROJECT DELIVERABLES 
A final outcome of this project is learning materials designed to teach the methodology described above. If desired, 
one can use the materials as a full course in introductory control, or they can be used in part to provide instruction 
and activities regarding control loop tuning using the methods described above. 

The developed materials are currently employed in two control courses at Sinclair Community College. The first 
course is introductory, thus the developed material starts off by covering the fundamentals of controllers, valves, 
sensors, and transducers. This includes the basic operation and the calibration of these devices. However, the 
material also covers the more advanced topics of dead time, time lag, cascade and reset control, and open-loop vs. 
closed-loop tuning methods. There is strong emphasis on the time elements of a control loop to allow the student to 
better grasp the importance of these elements to the process of loop tuning. 

Most elements of the presentation ar~' reinforced with a lab component. The lab component includes either a 
computer-based simulation or actual hands-on opportunities. Past presentations of this course relied heavily on 
computer-based simulations to perform the loop tuning portion of the course. However, it became apparent the 
student was unable to translate the computer screen to real-world equipment and often left the course unsure of how 
the course material would apply to them on the job. By using the methods outlined in this paper, we've been able to 
reinforce the computer simulations with an actual hands-on task. 

In our first control course, the hands-on task is a tuning lab accomplished on a very simple static pressure control 
loop using a PI controller. Often, the instructor first demonstrates the lab using a flatbed pen plotter. This seems to 
allow the instructor to more easily explain what signals are being traced, what they represent, and what to do with 
the trace once you have it. 

At this point, the students perform the same analysis using the electronic means of data collection. With the 
instructor's help, they download the data to an Excel spreadsheet, print it, and then perform a loop analysis by hand. 
In our case, our goal is quarter-wave damping using the Zeigler-Nichols method of loop tuning. However, any 
method may be used as desired. Once they have the proper values of controller parameters, the students enter those 
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parameters into the controller and check the results. By repeating the p~ocess, the students determine if these 
parameters need to be tweaked. The students repeat the tuning process to refine the tuning parameters until the 
system responds as desired. _ The students perform this tuning method on both a proportional controller as well as a 
proportional-integral controller s9 as to compare the two control modes. Of course, a slower responding process, 
such as temperature control, could be developed if someone wished to use this method to teach the tuning of a 
proportional-integral-deriv:ative (PID) controller as well. 

Our second control course focuses more on control strategy rather than loop tuning and is not actually part of the 
grant. However, this course still requires the students to complete a control-loop commissioning project. In this 
advanced project, the student is presented with a building economizer system. The system is equipped with variable 
speed fans and relevant temperatures are simulated. This system involves three separate but interacting control 
loops: supply fan discharge static, return fan tracking based on CFM, and space pressurization. Upon full 
calibration of all control devices, development of the control strategy, and the writing of the controller program, the 
students are then responsible for properly tuning all three interacting loops. This allows the student to apply what 
they learned in their first course to a very realistic scenario. 

The application of these methods within these two courses is fairly recent. However, even if anecdotal at this time, 
student understanding and retention of loop tuning methods appears to have improved tremendously. Educational 
materials, methods and programs will be available for dissemination in June 2006. 

PROJECT SUMMARY 
The purpose of this grant focused on how to teach control loop tuning to the HV AC student and how to implement a 
proper tuning process in the HVAC control industry. To the process control engineer, this procedure is rather trivial. 
However, the HV AC industry })as yet to adopt formal tuning procedures due to the perceived complexity, lack of 
knowledge, and lack of time to perform these procedures. · 

This project proves the employment of such methods in the field is quite viable. Inexpensive equipment is available 
for data collection and basic loop tuning methods are relatively easy to learn. By its very nature, the tuning process 
provides documentation of the control loop as required by most commissioning contracts. Any loop tuning process 
has the advantage of uncovering or identifying control loop problems otherwise difficult to determine. Thus, the 
deployment of this methodology would go a long way toward improving building operations as well as reducing 
system energy and O&M costs. 
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ENGINEERING CAMP EXCITES MIDDLE SCHOOLERS 

Michael E. Opar, Rachel Serianz, Kuo-Ho Yang 
St. Ambrose University 

Ann Lawler 
Eastern Iowa Community College District 

ABSTRACT 
St. Ambrose University in collaboration with the Eastern Iowa Community College District and supported by a . 
National Science Foundation STEP grant developed a summer camp for middle school kids to encourage study in 
mathematics, science and engineering. "Racing into Engineering" was the basis for instruction in Mathematics, 
Physi_cs, aerodynamics, design, and experimentation. Students worked in teams throughout the five-day camp, first 
learning the fundamentals of the underlying physics in car design and then applying that knowledge to design, race 
and improve individual COrpowered dragsters. The camp culminated in a "best time" drag race of the cars 
developed during the week to a crowd of proud parents, teachers and friends. One camper summed the intent; "If 
math was this much fun in school, I would love it!" · 

INTRODUCTION 
The National Science Foundation (NSF) hopes to increase the number of students receiving associate or 
baccalaureate degrees, through the Science, Technology, Engineering, and Mathematics Talent Expansion 
Program (STEP). In 2003, St. Ambrose University and the Eastern Iowa Community College District (EICCD) 
developed a partnership when applying for and being awarded an NSF STEP grant, which focused on under
represented populations. There are three primary aspects to the partnership with respect to the grant: 1. Get students 
interested in the sciences, mathematics and engineering, and provide financial assistance for them to become 
enrolled in post secondary education, 2. Ensure that once students enter college, they are adequately supported to 
ensure success and graduation, and 3. Provide opportunities for employment upon graduation. During the first year 
of the grant, we focused on raising awareness of engineering and the sciences in the Quad-City area and increasing 
student interest to pursue degrees in associated fields. 

The Quad-Cites consists of four medium sized cities, Bettendorf, Davenport, Moline and Rock Island, _with a 
combined population of over 350,000 residents. There are several opportunities for kids K-12 to learn over the 
summer through programs such as "College for Kids," but many of these may be cost prohibitive for those in under
represented populations. Furthermore, there was no significant science/engineering camp within 50 miles of the 
Quad-Cities. We developed an organizing group consisting of two Physics professors, one Math professor, and one 
Engineering professor to develop an engineering summer camp for 10th ·and 11 th graders. · 

During the initial discussions regarding who might attend the summer camp with our intentions to inspire students in 
science, math and engineering, we determined that many of the 11 th graders would hav.e already made the decision 
to continue or discontinue math and science education beyond state high school requirements. We further concluded 
that many of the students who would attend the ~~mp would already be considering post secondary education in the 
sciences; therefore we would not be increasing the number of students entering the field. We then looked to the 
lower grades and determined the best audience would be 7th and 8th graders. The kids are still required to take math 
and science in school, and the camp would be a means to make th~ -subjects more attractive and interesting and 

· perhaps show the topics from a different perspective. Furthermore, these students are at a critical, formative point 
where linking theoretical math and science to the real world may provide a spark to keep them interested through 
high school and into college. At this point, the group invited Dr. Serianz from the St. Ambrose College of 
Education to join our effort and provide her expertise and experience in teaching teachers as well as teaching science 
to middle school kids. 

The recruitment process was a bit complicated but successful ( we will modify it in the future) . . We sent 
- announcements to all area middle school science and math teachers, and asked those teachers to nominate students 
to be a part of the summer camp program~ Those nominated students submitted an application and were billed for 
the c~p, based on need. Students were charged a nominal fee for the weeklong camp, students on the reduced 
lunch program were awarded a partial scholarship and those on the free lunch program were awarded a full 

. scholarship. Our intention was to recruit students who liad interest, would participate, and who were not enrolled 
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simply as a child-care service. We also did not want to exclude any int~rested child due to cost of the program. 
Included in the five-day camp were morning and afternoon snacks, and a hot lunch. 

. DEVELOPMENT 
The organizing group determined early in the process, that the camp needed to be fun and memorable. Not an easy 
taskwhen working with 7th and 8th graders. Our primary goal was tQ teach the kids something that may (or may not) 
be new to them, show _them how those concepts may be applied in the natural world, illustrate concepts and have the 
students illustrate to themselves how the concepts were applied . . The organizing group focused on CO2 dragsters as 
the focal point due to the wide range of concepts which can be illustrated in the underlying physics, design, 
construction, testing and racing. The organizing group developed ideas collectively for the lessons and outcomes 
expected from the five-day camp, and Dr. Serianz made sure that each part of the program was appropriate for the 
7th and 8th graders from a conceptual and timing perspective. It was -critical to keep the kids busy learning, and 
attentive to the task at hand. This was non-trivial and the time spent planning all aspects, including transitions, was 
very well spent. 

Camp instruction was provided by middle and high school teachers who were recruited from the community and 
were supported by aides recruited from the pool ofEICCD scholarship recipients (funded through the STEP grant). 
All faculty and aides were• compensated for teaching and training. The camp faculty was chosen to reinforce ties to 
the area schools. Teachers will remember the experience and use it in their own classes during the school year. The 
aides were chosen to further support those involved with the STEP program and to provide strong connections to 
math and physics. · 

The camp was primarily designed to teach design concepts and basic physics. Students were simultaneously 
designing a car while learning and interacting with physics concepts. Secondary topics in fuel cell and solar power 
helpe~ to complete the automotive theme, and provided additional dimensions to the overall design concept. The · 
"power" components also helped to keep students occupied and engaged while students rotated through the rough 
cutting of the balsa wood dragster blanks. 

The Camp 
The curriculum began with an ice-breaker which allowed the students to become familiar with the teachers, the 
aides, the other students, the facility and dragster design. The 28 students were divided into seven teams of four 
students. Each teacher and aide was responsible for no more than two teams. The low student/faculty ratio helped 
to maintain student focus and ensure that all students were progressing through concepts at about the same rate. 

Day One 
After the students felt somewhat comfortable, instruction began with students sketching a drag racer, followed by a 
short instruction video. Basic concepts related to equipment use ands safety were covered. Students then examined 
the components of their individual kit and were introduced to engineering drawing. After lunch students were 
shown primitive shaped "dragsters," rectangle, cylinder, wedge, reverse wedge, and various treatments to the 
leading and trailing ends, and asked to evaluate anticipated design performance. The day concluded with a Mock-
Up race of the primitive shapes. · 

Day Two 
The day began with wind tunnel testing of the primitive shapes which were raced the day prior. Instruction and 
discussion regarding force and motion followed, and students performed the first design iteration of their individual 
cars. Teams were then rotated through various stations to keep the numbers manageable, and ·maintain student 
interest and activity. One group saw a video and received instruction on cutting and shaping, one group cut the 
dragster blanks into his or her designed shapes, and the last group saw a video and received instruction on finishing 
the car. 

Day Three 
Students finished the rough shaping and sanding of their cars and ran a race trial with CO2 to evaluate the designs. 
These cars were-then put into the wind tunnel for further data collection. Students then reshaped and adjusted their 
cars. 
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DqyFour 
The teams were separated into three groups again, with one team sanding and finishing the cars, one team learning 
about fuel cells by experimenting with a fuel cell model car, and one team learned about solar power by 
experimenting with a solar cell-powered car. Groups rotated through these stations and all received a solar-powered 
car kit to take home for further, independent investigation. Students spent the remainder of the day finishing and 
painting the cars. The facilitators clear coat sealed the cars after all students went home to be ready for the final day. 

Day Five 
The last day began with student presentations documenting individual designs, the reasons for the design decisions 
and comments regarding the experience. The day culminated with "The Great Race," in the University Center; 
Students invited family and friends to see the performance of the final designs. Cars were run in pairs, with time 
and speed recorded. All students were recognized for their hard work and awarded certificates. Each student was 
give_n a shirt and took the car he or she built home. 

At the end of the camp there were twelve tired facilitators, teachers and aides, and 28 happy and excited kids who 
enjoyed their experience. 

RESULTS 
The. camp "Racing into Engineering," was successful on many levels and really exceeded expectations for our first 
engineering camp. No one in the organizing group had experience developing or running a camp from start to 
finish. Each ofus developed ideas and collectively reviewed and modified those ideas into the final camp. We saw 
the benefits of our work on the walk to lunch when one student said, "If math was this much fun in school~ I would 
love it!" That sentiment resounded throughout the week. Even with the expressiveness and independence 7th and 8th 

graders have, there were no significant personal issues or confrontations. While the student group was diverse both 
ethnically and socioeconomically, and was split evenly between male and female, there were no problems 
throughout the six hours per day, five-day camp. 

The teachers' reactions were very positive. At the.end of each day, the organizers, teachers and aides debriefed for 
about 30-40 minutes. We made some adjustments to the curriculum (as best we could) as a result. Each teacher was 
asked to write a summary of their experience for use to improve subsequent camps. The students were very satisfied 
with the experience. Each student was given a camp evaluation form to provide feedback on their personal 
experience. Students commented that they learned aerodynamics, Newton's laws, power to weigh effects, drawing, 
and design. Dislikes were the videos and presenting in front of the other students. As expected, we had both 
positive and negative comments regarding the food. 

The "Great Race" was witnessed by approximately I 00 family and friends. We found this attendance to be vety 
satisfying as each student had several supporters interested in the work done during the week. The turnout was 
better than we had hoped. We subsequently received about a half dozen thank you notes from parents. Virtually all 
of the students (and some parents) asked if they would be invited to the next summer engineering camp! Delayed 
recognition for the positive effects of the camp came through the Talented and Gifted (TAG) coordinator three 
months after the camp concluded. She commented that several of the TAG kids were still talking about the camp in 
school. 

. -
One unexpected result was that one of the aides, who was generally quiet and somewhat apprehensive about 
working with the 7th and 8th grade kids, was very positively affected by the experience. He planned to earn a physics 
degree and as a result of his camp participation is now considering a career in teaching. Additionally, the organizers 
from the two different institutions gained a better and deep~r understanding of what each school can offer students. 

CONCLUSION 
Planning and developing the summer camp was a long and time consuming process which led to a very satisfying 
experience not only for the kids, but for the teachers, aides and organizers. The main issue which made the camp 
more difficult to administer than p~rhaps it should have been was the timeliness of the initial announcement and 
application deadlines. We ran late in development which led to getting the announcement out to the schools late. 
Our application process was more complicated than it needed to be which delayed responses. Some kids who were 
accepted were not able to be notified because our contact was through the recommending teacher and the school 

. year had ended. Even so, our camp capacity was 32 and we were able to draw· 28 students. There were a few issues 
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with food service which were able to be handled behind the scenes, as four of the five organizers were on hand to 
provide support for the teachers and aides. These extra people were relied on to repair equipment throughout the 
camp, ensure food deliveries, prepare the classrooms and labs for the learning and design activities and set up the 
race track. We believed we would have plenty of idle time as organizers, but that was not the case. 

lltis c~mp would not have been possible if not for the NSF STEP grant funding, and cooperation between many 
different people, ·organizations and disciplines. We believe we had an impact with this camp which will likely not be 
see_n in college enrollment for about five years. As a result of this camp and the camp's success, a subsequent grant 
was applied for and-received to further develop the overall experience. St. Ambrose University's College of 
Education has created two weeklong summer courses for teachers. One in Chemistry and one in .Physics, are 
designed to guide and educate teachers in methods to teach those subjects to their students. Teachers will have one 
week of instruction, followed by one week of application in the form.of chemistry camp and physics camp for the 7th 

arid 8th graders. This is a first step to a self-funded summer camp which will be affordable for all interested students 
while providing essential training for teachers to teach chemistry and p~ysics during the regular academic year. 
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USING INTERDISCIPLINARY CAPSTONE DESIGN TO CREATE A BETTER PRODUCT 

Matthew S. Sanders 
Kettering University 

ABSTRACT 
Capstone design is a senior level course at Kettering University that promotes teamwork and innovation by using 
real world scenarios. Students are divided into groups comprised of two students from each of following disciplines: 
Electrical and Computer Engineering, Industrial and Manufacturing Engineering, and Mechanical Engineering.· 
Seven groups were formed to evaluate the current RoboBug used by all freshmen engineering students for 
demonstrating electromechanical principles in the Interdisciplinary Design and Manufacturing course. Each group 
was ~esponsible for the re-design, development, and manufacture of an improved bug-shaped working robot that is 
capable of performing pre-specified tasks. 

INTRODUCTION 
The design of a product in any industry, especially those that are complex, require engineers with different 
specialties, backgrounds, and levels of expertise to work together. In an effort to simulate that environment prior to 
grad_uation, professors from the Electrical and Computer Engineering, Industrial an_d Manufacturing Engineering, 
and Mechanical Engineering departments at Kettering University have combined their efforts to create a senior level 
Capstone Design class that works on one common project. The project assigned was to re-design a current model of 
a bug-shaped robot called RoboBug that is used in the freshman level Interdisciplinary Design and Manufacturing 
course. 

The Interdisciplinary Design and Manufacturing course (IME-100) introduces freshmen students to every type of 
engineering offered by Kettering University. Freshmen students are exposed to Electrical and Computer Engineering 
by learning the basics of circuits, wiring, and control systems, Industrial and Manufacturing Engineering by 
allowing them to use lathes, drill presses, do foundry work, and experience other manufacturing methods, and 
Mechanical Engineering by showing them software that can design and test theories of how a product is put 
together. Many students come to Kettering thinking that the degree they chose to pursue is what they want to do 
when they graduate and this course gives them additional opportunities they may not have had elsewhere. Since all 
of the engineering curriculums at Kettering have nearly the same foundational courses, it is this type of class that 
encourages freshmen to find their interests and make educated career choices and/or changes early in their 
educational career. 

The Senior Design Project course at Kettering is the final stepping stone of a senior level student. It takes the 
coursework and co-op experience they have completed since they started and brings it together; allowing them the 
opportunity to show their creativity, experience, and teamwork capability to tackle real world scenarios. A common 
project is assigned and students are broken up into groups, each group consists of at least two people from each 
engineering degree to act as a subgroup within the group itself. Each subgroup works independently on their portion 
of the project while interacting and combining th~ir efforts with the other subgroups just as it would in the 
workplace. Each group was assessed throughout the project. 

BACKGROUND 
RoboBugs have been used by many industries including the Federal Government. Today RoboBugs are more 
sophisticated than ever before. There have been RoboBugs that simulate the movements of snails, cockroaches, and 
even swimming insects. The fact that the government and ~telligence agencies use RoboBugs shows how 
sophisticated they have become. In 2000, a spy fly robotic bug was created for the U.S. Military. It was so small that 
it could go unnoticed by the average person. To walk on Mars in 2002, researchers and scientists created ·a robotic 
bug that could crawl, fly, videotape, photograph and potentially study Mars better than current technology available 
to the public. 

At Kettering University the RoboBug· simulates a moving insect as a way to illustrate how to manipulate electronic 
circuitry to provide useful results in robotics. The RoboBug is built to the predefined specifications of an insect; it 
has a metal chassis and is made up of three block segments, with each segment_having two legs. Six servomotors 

. (the muscles) actuate the six legs, and two_ servomotors control the three body segments. There are eight PMW servo 
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driver boards (the nerves) for each servo motor, and one controller board (the brain). Movement by the RoboBug is 
achieved by the controller board sending eight controlled signals to the· servo driver boards, which then coordinate 
these pulses to move the servomotors. The sequence of impulses that generates the bug's gait is programmed 
through hardware jumpers on the controller board. The ~ain purpose of this RoboBug is to afford Kettering students 
in the IME-100 course a general understanding of electronics and robotics, and to familiarize them with the building, 
configuration, and troubleshooting of electronic circuit boards, and to demonstrate electromechanical principles 
usmg .simple programming and circuit design. . 

OBJECTIVES 
This term the Senior Design Project course had seven groups comprised of interdisciplinary students working to 
create a better robot in the shape of a bug that would replace the existing RoboBug being used in the IME-100 
course. The purpose of the re-design of the robot (RoboBug II) is to address the problems in the current design 
which are stated on the EXISTING ROBOBUG DESIGN SHORTFALLS Section of the paper. The RoboBug II 
also has to fulfill the educational goals of the freshman IME-100 design _laboratory. 

Secondary project objectives were to create a functional robot to simulate an insect that is easily fabricated at a low 
cost following established design processes. Students were informed that the design of the mechanical mechanisms 
and the manufacturing processes for the robot play a critical role. The design is subject to realistic, competitive 
constraints such as limited development budget and short development time. The mechanical components had to 
allow the bug to move· and detect objects that may harm its movements. The electrical components were geared to 
programming the bug for movement and deciding how the bug would react to different situations such as a wall or 
obstacle in its path via the programming of sensors. 

In the frame work of the required objectives, each team set their own objectives: For example, one of the teams 
concentrated on the following issues: 

• · Reduce Cost: This includes manufacturing and operating costs._ 
• Reduce Weight: With a reduced weight the RoboBug II will be able to operate faster and longer. 
• Reduce Maintenance: Reduce amount of down time and cost due to scheduled and unscheduled 

maintenance. 
• Improve Durability: The IME-100 class can be very abusive on equipment. 

Another team set their objectives as follow: 
• Design for use in IME-100 laboratory. 
• Provide an educational experience for freshman students. 
• Capable of walking in forward and reverse. 
• Simple to use, do maintenance on. 
• Capable of avoiding obstacles. 

SPECIFICATIONS 
Students were presented with the expected functional specifications and were asked to adhere to them during the 
design process. They were also informed that over the course of the term these specifications could be modified as 
the project evolves. Table I shows specifications that must be met in order to meet the customer's needs. 

EXISTING ROBOBUG l)ESIGN SHORTFALLS 
Although the current RoboBug has served its purpose well, it is deficient in a few areas. It is too complex for a 
freshman class designed to introduce basic engineering concepts. The current RoboBug does not provide a simple, 
tangible learning tool for the class. It is not easily serviceable and the wear items are very time-consuming to 
replace. Also, the programmer interface is not user-friendly. Students found it very difficult to make changes to the 
programs because of the limited set of jumpers available to provide movement. The jumpers do not, however, 
require programming skills of which many students are usually challenged by a programming-required situation. 
The RoboBug starts to show its age by exhibiting an unpredictable turning motion - not simple and repeatable -
consequently the IME-100 class cannot easily create a working program within the time constraints_ofthe course. 
Therefore, the new robots should be redesigned in order to continue to provide a practical le~ing tool for the 
students. This can be accomplished by using a minimum number of moving parts. The small number of moving 
parts allow for the user to easily understand the mechanical movements of the robot. Also, the small number of parts 
allow for quicker repairs in the event of damage to the robot. The above shortfalls are summarized in Table 2. 
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Reauirement Description 
.Cost The budget for the entire project is $250 
Walking The robot shall have a PIC-based control system that allows the robot to walk forward, 

backwards, right, and left. The robot shall have a smooth walking motion; no rotating 
devices in contact with the floor are allowed. 

Autonomous The robot shall have an add-on sensor board to allow the robot to navigate an obstacle 
Behavior course. 
Servos The robot shall utilize at least 4 off the shelf hobby servos. 
Power Supply The robot shall be powered by one of two interchangeable power sources: a) external tether 

to a standard 110 Vrms outlet or b) a rechargeable Lithium Polvmer Bcj.ttery Pack. 
Electrical All electrical assemblies shall be made using printed circuit boards. 
Assemblies 
Electrical All electrical connections shall be made in a professional manner using standard electrical 
Connections connectors. 
Run Time The robot shall operate continuously for 15 minutes on battery power. 
Chassis Design The robot shall be robustly designed to operate in a freshman laboratory setting. The system 

must operate with a .high reliability and ·be easy to service. 
Maintenance The robot shall require no more than IO minutes of maintenance every 4 weeks. The robot 

design shall allow for easy access to all components for maintenance and repair work. 
Mechanical All mechanical assemblies shall be made in a pr9fessional fashion using standard 
Assembly mechanical connectors. 
Appearance The completed assembly must have a clean and professional looking appearance. 
Manufacturability The robot desi~ must be easy to replicate using standard nianufacturing processes. 

Table 1. Customer design requirements 

Inherently limited by the mechanical design to "walk," especially on smooth surfaces such as tile flooring or 
tableto s. · 

Problematic and have excessive maintenance requirements. Most failing components are hard to locate, and when 
located, the RoboBu needs to be stri ed down to its chassis for com onent re lacement. 
Too ad·ustable in their mechanical motion (ad·ustable le s, wide tolerances in construction, etc.). 
Time-consumin to build and re uire excessive effort to du licate. 
Cumbersome to wire and disassemble. The connectors have been rimaril res onsible for reliabili roblems. 

Table 2. Current RoboBug Shortfalls 

ENGINEERING ATTRIBUTES, CRITERIA, AND TARGETS 
To ensure the quality of the product and to meet customer needs, the product must have specific desired attributes 
and measurable targets. These attribµJes and targets will guide and direct the entire design process and ensure a 
useful and desired outcome. Basically, the engineering attributes selected for this project were reliability and · 
maintainability, performance, and durability. The RoboBug II should be easily serviceable from a mechanical and · 
electrical standpoint, including but not limited to replacing components, wiring, and programming. It should be of a 
simple design-that is, easy and limited machining, as well as not requiring complex mechanical motion or 
programming. The_ RoboBug II must be able to perform its function for a minimum of fifteen minutes on a single 
charge of the battery. It must also have the ability to run on standard outlet voltage, 110 volts, without damaging any 
of the electrical components. Lastly, it should be durable in order to·hold up to the normal wear and tear of 
laboratory use. Additional strength for accidental abuse, such as dropping or crushing the RoboBug II, should be 
added where possible. 

One of the teams identified their product attributes as I) high quality, 2) top end performance, 3) aesthetic visual 
appearance, 4) intelligent, 5) fast, and 6) light weight. They identified the design criteria as I) PIC based control 
system, 2) smooth walking motion, .3) use of standard mechanical and electrical connectors, 4) functional life span 
of 5 years (used 8 hours per week), and 5) user friendly program. The team recognized the engineering targets as I) 
walking rate of 12 feet per minute, 2) finished product weight under 2 pounds, and 3) ability to maneuver around 
wall using IR sensor within one minute. Finally, they set their design targets that the RoboBug II should I) walk six 
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inches per second, 2) hold 1.5 times its weight, 3) weigh less than eight pounds, and 4) continuously walk and turn 
without having any complications. · · 

As an example, an-attribute s~ary table with actual results of one of the teams' is shown in Table 3. 

Attributes Criteria Tar2et Actual 
See-Through Design See - Through Material Use Clear Acrylic Clear Acrylic Plastic for 

Plastic Side and Base 

Durable Structure Low Stress at Critical Points Safety Factor of2 at all Safety Factor of 2 according 
critical points ~- to FEA 

Smooth Gait Continuously Rotating Legs designed to lift on Legs function w/ 
Servo back stroke backstroke lift 

Fast Acceleration and Speed a = .4 ft/s:t & V = .2 ft/s a=.3158 ft/s2 & V=.1579 ft/s 
Low Weight Light/less material usage Total We.ight < 30 oz Final Weight = 34.1 oz 

Ability to detect obstruction Mount sensors on body Sensor mounted on body 
Obstruction Avoidance Ability to turn Servo Rotation to allow Servos programmed 

turning 
Long Continuous Battery Life 15 min. operation on 25 min. operation on one 

Operation one charge charge 
Programmable PIC Design Easy program Easy program modification 

modification 
Variable Speed Continuously Rotating Program servos to Program servos to adjust 

Servo adjust speed. speed 
Easy Maintenance Easy assembly Using Snap locking Extema, Snap Locks fo~ 

instead of fasteners Base 
Table 3. Attribute Summary Table Including Criteria, Target, and Actual Results 

METHODOLOGY 
To accomplish any goal teams must plan the method of execution. Planning is not only a layout of how and when to 
achieve the goal but also how to ensure a sound quality product. After brainstorming ideas were compiled by each 
team, they developed a plan/project timeline. They followed the timeline to ensure· that the project was not running 
behind schedule. Throughout the project each team focused on meeting objectives. Objectives helped to decide the 
product attributes, design criteria and engineering targets which in turn are used to decide upon a design concept. 

Although all seven teams decided to design a six legged RoboBug II, they initially considered both a two and four 
legged robot but rejected the idea due to the difficulty in making those types walk, compared the to stability 
achieved with a six legged robot which can maintain a tripod stance while walking. In many cases, the front and 
back legs propelled the bug forward and backward by rotating around an axis. Four servos were used to control the 
front and rear legs. These legs were connected directly to the servo which controlled them. The middle legs rocked 
the bug from side to side; picking one side up and allowing the front and rear legs on that side to slide backward. A 
single servo controlled each of these legs. In one case, the front-right leg and rear-right leg were connected by a 
_ linkage and powered by one servo. The frorit-left leg and rear-left leg were connected in the same fashion. These 
four comer legs would only move in forward and backward directions. The two middle legs were connected by a 
horizontal linkage powered by two servo·s to allow movement in forward, backward, left, and right directions. Some 
RoboBugs II were designed with the ability to turn 90 degrees to the -direction of travel. To do so, the-front and rear 
legs are held stationary, and the side legs are used to walk perpendicular to the previous walking motion. The 
advantage to this design was that the turning motion is very precise. 

The teams used Solid Edge or Solid Works to complete the modeling. After the design drawings were completed, 
they ran both mechanical and electrical simulations to predict the robots ability. The modeling coupled with 
simulation allowed them to have a better understanding of the mechanical design and enabled them to better design 
their programs and select the appropriate electrical components. All seven teams made mult_iple changes from the 
original design·concept. Each team performed a Finite Element Analysis (FEA) to determine components prone to 
failure under anticipated loads. Two examples of FEA from two different teams are shown in figures 1 and 2. With 
one or two exceptions, the analysis showed that under the anticipated stress, failure should not occur in any of the 
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coi:iiponents under significant stress. Figure 1 shows the FEA analys"is results when 2 lbs weight applied onto a 
single leg. This is a conservative measure ~ecause in actuality the weight of the bug would be shared by no less than 
3 legs at any given moment. This conservative approach demonstrates the robustness of the RoboBug II legs. Legs 
of the RoboBug II have approximate yield strength of more thari four times as the FEA indicates. The maximum 
deformation of the leg is 0.0044" which means no deformations in the leg should affect the way the bug walks. 

,,, 

\ 
I.:,, 

\ -------

Figure 1. FEA of RoboBug II leg ........ '""'Figure 2.' Servo Hom FEA Results. - Displacement · 

Each design utilized a PIC-based control system that allows the robot to move in all the required directions. The PIC 
contained the correct number of 1/0 pins to· control all components - servos, sensors, etc. A sensor board is designed 
and then built by an outside source. The sensor board utilized an optic sensor for the object avoidance system. A 
couple of teams accomplished an object avoidance system through the use of two infrared sensors: one mounted on 
the front-right comer of the robot, and one on the back right. The front-right sensor detects the wall at an undecided 
distance. Once detected, the robot will move left until the sensor no longer sees the wall. At that point, the robot will 
move forward until it sees the side of the wall with the back-right sensor. Once the robot sees and passes the wall, it 
will compensate for the original centerline by moving right the same distance it originally moved left. 

AC/DC transformers were purchased to allow the robot to be ·powered through a standard 110 AC outlet during 
debug. External battery cells are also purchased. Load analysis was perfonned to ensure the cell operates the robot 
for a minimum of 15 minutes. Each team understood that RoboBug II is subjected to classroom conditions, in which 
they may be dropped or mishandled. To prevent failure from these situations, they tried to design their RoboBtig II 
with strength in mind, for example, they used robust connecters to provide durable electrical connections. 

Two examples ofRoboBug II are shown in Figure 3. 

Figure 3. Examples of the Structure of the RoboBugs II 
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IMPACT OF ROBOBUGS II 
The impact ofRoboBug II is significant. The design allows for movement even when traction is poor, due to the lift 
and step design - no ·slippage due to the stepping motion versus the pushing motion previously used. They are much 
faster compared to the old design - in many cases travelµig about one body length every 30 seconds or about 5 feet 
per minute. The RoboBugs II are also capable of operating using two or four motors, depending upon the speed 
desired and the availability of motors. This is a result of the RoboBugs II moving forward continuously rather than 
using the iterative three point gait of the old design. The RoboBugs ·11 are easier to repair because of the streamlined 
design (in many cases just undo a few screws and you have easy_ access to all parts). The RoboBugs II provide a 
user-friendly interface and allow for simple assembly and serviceability. Overall, they are more durable, lightweight, 
easier to inspect, easier to build/duplicate/wire/disassemble (simple, straightforward design), hav.e, the ability to 
autonomously navigate a simple obstacle course, and are less expensive. Their strongest attribute is stability. 

The legs are not only the most important feature on the legged RoboBugs, but also the most challenging parts to 
construct because they usually do not work correctly due to the servos' torque and supplied current. They require 
precise designing and machining in order to achieve the targeted speed and acceleration. The length of the legs was 
accounted for by variables like weight of the structure, torque from the servo motors, speed requirement and the 
chassis dimensions. Many teams calculated the relationship between the weight of the body and the leg length 
required to attain required. speed by using the following method: 

F = (W*L)/(3*r) and -r=F*r 

Where: F = Force required to push the RoboBug, in oz/ in 
W = Weight of the RoboBug, in lbs 
L = Stride Length over one step, in inches 
r = length of servo horn, in inches 
-r = Torque required from the motor 
N=motorrpm 
V = RoboBug's linear speed 

Suggestions for More Improved Product 
Although the students designed and manufactured an improved RoboBug, a few more changes could be made tq 
produce a far better product. For example, the gear ratio of the sprockets on the servo motor and the leg driving 
axles were not a one to one ratio; this made for difficult leg control. An ideal system would have one turn of the 
servo motor correspond to one turn of the legs. Additional parts were needed to accommodate this differing gear 
ratio and extra programming measures had to be taken to mimic a one to one gear ratio. As another example, there 
are several electrical optimizations that can still be made to the RoboBug II. To complete the obstacle avoidance, the 
RoboBug II could really utilize just one sensor. Though it would be more programming intensive to specify the 
amount of steps to avoid the wall, it would still cost less to the design. Most teams decided to go with the 2-sensor 
design to simplify programming and make the design more professional and accurate. 

Also, the RoboBug II could use err~r-proofing mechanisms for the connectors on the control board. These 
connectors could assure that a person does not connect a servo to a position sensor input or vice-versa. Error
proofing to assure that the sensor does not get conn~ct backward could also prove useful. It could be as easy as 
gluing the position sensor connector to the servo connector-and painting a colored mark on the control board to show 
which color wire should go with which pin. 

Furthermore, a pre-fabricated sensor board could be used to lower the cost of design and/or the safety and 
appearance. Usually the pre-fabricated boards have a casing around them that may be worth the extra cost to provide 
extra safety and a more professional appearance. Also, a designer would not have to build and solder the sensor 
itself, but rather just put it in place. However, the sensor boards ofRoboBug II would be a nice project for a 
freshman class to _solder and build. Also, another project for the freshmen class could be a programming task that 
can provide them with the templa~e walk program minus the main loop. The students should be able to examine the 
existing code an~ write a simple continuous loop for the robot to walk in four given directions. 
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CONCLUSION 
The RoboBugs II have been designed with an overall goal of satisfying the customer - the freshman taking IME 
100. Most features and applications ofthe'RoboBugs II supply the needs of learning and experimenting through 
observation and ease of programming. The RoboBugs II successfully fulfilled all of the functional criteria set forth 
in the design requirements by both the professors and the teams. The RoboBugs II offer a simple design allowing 
students to gain an understanding of mechanical cPld electrical engineering concepts. The easy manufacturability of 
the RoboBug II will not limit down-time for repair so the faculty can spend more time teaching valuable concepts to 
the freshman class. With a total weight of around two pounds, RoboBugs II allow students to observe the creative 
solutions to weight, speed, and torque concerns. All RoboBugs II have snap-on platforms and use universal parts 
and tools that can be purchased and replaced cheaply and easily. Many of the RoboBugs II have an open design or a 
clear acrylic plastic cover with access to components which make them not only easy to assemble and disassemble, 
but also allow the students to visually observe and learn the workings of the leg mechanism. They can also view the 
circuit board and connections from all angles. All of the motion is designed to have minimal wear, if any. Some of 
the RoboBugs contained dual bearing servos, which have a longer life span than regular bearings. Materials used to 
build the RoboBug II have high impact and tensile resistance offering enhanced structural rigidity and durability. 

A safety .factor of at least two was chosen for the target of stress· at critical points. Through FEA testing on assumed 
comparatively high stress points, this target was verified as each component fell well below the target safety factor. 
The structural durability is improved through smoother motion, simple design and extensive structural testing. The 
RoboBugs II allow for more creativity in the ability to program and choose the walking motion. The program is 
designed to be easily modified by freshman students allowing them to 9ptimize the program for specific tasks. The 
smooth gait and fully rotational servo motors are unique features which result in a smooth forward, backward and 
finally turn_ing. Another add-on to the RoboBugs II is obstacle detection and avoidance which enables them to 
realize an obstacle in their path and change ~eir direction accordingly. 

An easy programmable design for quick modification and troubleshooting brings more learning opportunities to the 
class room. This RoboBug II design shows exemplary engineering techniques and improvements. The freshman will 
receive an overall learning experience that will prepare them for future design and implementation projects. 

Many of the senior students mentioned that the experience of working on this interdisciplinary design project was 
worthwhile and caused each of the team members to appreciate the other engineering disciplines. The project 
increased their ability to work in cross-functional teams. As individuals, they were able to utilize their technical 
backgrounds and skills to effectively work as a team and complete the RoboBug II. Students indicated that the 
process of proposing a design and modifying it a number of times to accommodate the needs and requirements of all 
disciplines was a great experience. For example, to take care of the issue involving weight, one of the teams changed 
their proposed design by reducing the material from .125" thick steel to · .125" aluminum. Additionally, they reduced 
the overall length and height dimensions. Their bug previously was 12" long and 5" tall; they did not need this much 
material to attach all the bug's parts, so they decreased the bug's overall length to 5.5", the width to 3.5", and made 
the body 2" tall. Finally, to accommodate the servos they changed the attachment holes from the sides of the bug to 
the bottom of the body. This allowed' for better attachment of the leg to the servo. The overall weight of this bug was 
also reduced. Also, students stated that they gained valuable experience when dealing with deadline issues that 
caused some resistance between the different departmental teams; but all of the team members communicated 
effectively to make up time and meet project deadlines. 
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ROBOBUG DESIGN PROJECT FOR INTERDISCIPLINARY ENGINEERING CAPSTONE STUDENTS 

Matthews. Sanders, Mike Lindquist, and Mark G. Thompson 
Kettering University 

ABSTRACT 
To introduce students to electromechanical devices, Kettering University uses a "RoboBug" in a freshman level 
course required for all its engineering students. Over several years of use, the original RoboBugs have fatigued and 
need to be replaced. To accomplish this task, Kettering University h_as integrated Electrical and Computer 
Engineering, Industrial and Manufacturing Engineering, and Mechanical Engineering capstone students into one 
class. This paper explains the requirements, constraints, and objectives of redesigning and improving the RoboBug. 
An evaluation of how well the students met these conditions is discussed as well. 

BACKGROUND 
One of the industry's concerns is that graduating students are not learning adequate skills necessary to work in 
multidisciplinary teams. To respond to this concern, a group of engineering faculty members at Kettering University 
created an integrated capstone course from existing Electrical and Computer, Industrial and Manufacturing, and 
Mechanical engineering capstone courses. The new course was designed to integrate students of these three 
engineering departments into a unified team to develop these skills needed in the industry. 

The project required for the integrated teams is known as the RoboBug Design. The RoboBug is an 
electromechanical device that looks similar to a walking bug. The RoboBug is familiar to capstone students as it is 
used in an underclassmen level course. In that introductory course, students learned fundamental concepts to design 
and manufacture electromechanical devices. The concepts learned for that introductory course teach the students 
skills that will enable them to complete the design and manufacture of new RoboBugs. As the RoboBug fatigues 
with repeated use over time, the devices must eventually be replaced. The integrated senior design project requires 
each team to redesign and manufacture the RoboBug to better suite the needs of the underclassmen course. This 
process essentially creates a cyclical learning experience. By using the experiences gained in the freshman level 
course, the senior students can redesign and manufacture a better RoboBug. The new RoboBug will then be used to 
teach the new freshman level students basic design, manufacturing, and programming applications; thus completing 
a cyclical learning experience. 

COURSE REQUIREMENTS 
Common hour class times for students from Electrical and Computer, Industrial and Manufacturing, and Mechanical 
senior design classes were established to enable meetings between teams and the professors of the project. Students 
from each discipline were also had separate class times which enabled them to work on the project as well. As 
necessary, students were required to meet with their teams outside of scheduled class periods to assure progress of 
the class project. 

Access to machining laboratories was made pos~ible by Kettering University lab technicians and graduate research 
assistants. Access to the manufacturing labs enabled the teams to manufacture the components of the RoboBug 
design. In addition, CAD laboratories were accessible to all students at all times. The CAD laboratories enabled 
students to design models and conduct movement and finite elem~i analysis simulations. · 

aOAL . 
The goal of this project is to establish a relationship among the various disciplines at Kettering University to 
simulate a real world corporation. In tum, this creates a learning environment where students can gain adequate 
skills necessary to work in multidisciplinary teams. Although students are required to blend and work well with each 
other, they maintain their own identity and expertise. Students are not expected to know everything, nor function 
exactly like each other. The final primary products of this class are better developed engineering students. 
Secondary products of the cl~s are new and improved RoboBug designs for educational purposes in an existing 
freshman level course. · · 
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EXISTING ROBOBUG DESIGN SHORTFALLS 
The existing RoboBug designs have served their purpose well but are deficient in a few areas. The current 
RoboBugs are: 

• Inherently limited by the mechanical design to "walk," especially on smooth surfaces such as tile flooring 
or tabletops. 

·• · Ovedy-constrained in their programmability and motion thus, limiting creativity. 
• Problematic and have excessive maintenance requ~ements. Most failing components are hard to locate, and 

when lo~ated, the RoboBug needs to be striped down to its chassis for component replacement. 
• Too adjustable in their mechanical motion (adjustable legs, wide tolerances in construetion, etc.). 
• Time-consuming to build and require excessive effort to duplicate. 
• Cumbersome to wire and disassemble. The connectors have been primarily responsible for reliability 

problems. 

REQUIREMENTS, CONSTRAINTS, AND OBJECTIVES 
The following are specifications identified at the beginning of the project. 

• The Walking Robot design will have a Microchip PIC mircrocontroller-based control system that allows 
the robot to demonstrate basic walking gaits in the forward and reverse directions and allows for both left 
and right turns. Furthermore, the functionality shall be enhanced by an add-on sensor board that will allow 
the robot to autonomously navigate a simple obstacle course as shown in Figure 1. RoboBugs must start the 
obstacle course with their legs inside the start zone, sense and avoid the wall~ and complete the obstacle 
course with their legs inside the finish zone. The following is a diagram of the obstacle course used to test 

-the RoboBugs' functionality. The black lines represent tape that can be used by the RoboBug to detect and 
guide itself around the obstacle (wall). The alternative method to navigate around the wall and stop in ·the 
finish zone is to have the bug walk straight forward until it detects the presence of the wall. At that point 
the bug will be required to alter its course to navigate around the wall and end in the finish zone. 

Figure 1. Obstacle Course Diagram 

• The robot will have a smooth walking motion (no rotating devices may be used in direct contact with the 
floor, e.g. wheels, tracks, etc.) 

• The robot will utilize off-the-shelf actuators and sensors. Remote Control (RC) hobby servo motors are the 
preferred actuators. At least four actuators (servo motors) must be used. 

• The robot shall be powered by one of two interchangeable power sources, a) an external tether connected to 
a standard 110 Vrms outlet or b) a rechargeable Lithium-polymer battery pack. When operating on battery 
power, the robot shall ope~te continuously for at least 15 minutes. 

• Printed circuit boards shall be used for the main electrical assemblies. A typical robot will have two board 
assemblies, 1) a main processor board and 2) an add-on/plug-in sensor board. All electrical connections, 
board-to-board, board-to-actuator, sensor-to-board, board-to-power supply, board-to-programmer, etc. shall 
be made with standard electrical connectors properly sized and rated for the application. 

• The robot chassis, mechanisms, and electronics must be robustly designed to withstand frequent use in a 
freshman laboratory env.ironment four times per week each academic term. The system must have high 
durability and operate reliably with a minimum amount of maintenance over a period of five years. (Low 
maintenance implies the robot should require only ten minutes maintenance time per robot per four-week 
session). 

165 



Proceedings of the 2006 IEMS Conference 

• All assemblies and parts must be held in place by standard inechanical connectors (screws, bolts, snap 
connectors, etc.). 

• The robot must be designed for easy service and inspection. 

• The completed RoboBug must have a finished professional appearance, utilizing standard materials and 
processes. 

• Consideration must be given to the manufacturability and cost of the unit. The robot must be easy to 
replicate using standard manufacturing processes and shall have a low manufacturing cost within the 
constraints of the required specifications. 

• A budget of $250 must be maintained. Any cost overrun beyond $250 will not be reimbursed. 

• Students must submit a Bill of 
Materials list. Table 1 is an example 

· submitted in the final report of one 
group: 

• Students must submit a Bill of Process. 
Figure 2 and Table 2 which are 
submitted in the final report of one 
group, help to explain the process of 
manufacturing the bug. Figure 2 shows 
all the parts and calls them out on the 
assembled bug while Table 2 
illustrates how each part is connected 
to one another. 

Item 
1/8" Aluminum 
Plastic Parts and Screws 
5" by¼" by 1/8" Rectangular Rod (four outer) 
4" by¼" by 1/8." Metal Rod (two inner) 
Linkages 
Rubber Dip for "Feet" 
Screws to attach Servos 
Servos for Front and Back Legs 
Circuit Board.and Fabrication 
l 6F684 PIC Microchips 
Miscellaneous Electrical Components 
Bread Board 
Prefabrication 
Infra Red Sensor Kits 

Quantity 
14" by 10" 

I Set 
4 
2 
2 

1 Can 
Small bag 

4 
1 
1 

1 Set 
1 
I 
1 

Table 1. A Sample Bill of Materials Prepared by Students 

Figure 2. Process for Assembling RoboBug Prepared by Students 
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Part Number Part Description Parts Connected to 

1 Aluminum Body 2, 3, 4, 7, 9, 11 
2 Servo Number I - Horizontal Direction · I, 6 
.3 Servo Number 2-Horizontal Direction 1, 8 
4 · Servo Number 3 - Horiz~ntal Direction I, 5 
5 Servo Number 4- Vertical Direction 4. IO 

6 Front Right Leg 2, 12 
7 · Rear Right Leg I, 12 
8 Front Left Leg 3, 13 
9 Rear Left Leg I, H 
IO Middle Leg 5 
11 Plastic Cover Board I, 14, 15, 16 
12 Right Linkage 6, 7 
13 Left Linkage 8, 9 
14 Control Board 11 
15 Battery Pack 11 
16 Sensor Board 11 

Table 2. Part Connection for Assembling RoboBug Prepared by Students 

-In some cases, the groups specified additional goals to create better results for the new design of the RoboBug. For 
example, one of the groups set their design targets as follow: 

1. It should walk 6 inches per second 
2. It should hold 1.5 times its weight. 
3. It should weigh less than 8 lbs. 
4. It should continuously walk and turn without having any complications 

Two new RobBugs manufactured by students are shown: 

Figure 3. Examples ofNew Designed and Manufactured RoboBug 

SCHEDULE WITH MILESTONES 
Students were given some major milestones at the beginning of the term and were asked to schedule their tasks 
using software packages such as Microsoft Office Project. A brief version of the term schedule with milestones is as 
follow: · · 
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On the first week, faculty members discussed the project and organized teams with some input from 
students. Students as members of their team started brainstorming and design creativity. They began 
conducting research on battery safety, PIC processor, servo motor, and sensor specification. 

On the second week, students were scheduled to work on engineering design process, project selection, and 
to have a proposal for conceptual design. They worked on PIC development system familiarization and 
evaluation board demo. Students were scheduled to work on project planning and proposal writing. 

On week three, students were required to be familiar with the board layout software and sensor simulation. 
They were also required to submit and present their design proposal. Each proposal contained product 
attributes (bill of product), design criteria, and engineering-targets. An example of these attributes is shown 
in the following table: 

Attribute Desi20 Criteria En2ineerin2 Tar2ets 
Performance Speed- Five feet per minute 

Autonomous Controf Must be able to maneuver around obstacles 

Reliability Slipping None 
Maintenance IO minutes or less, one time per term 

Repair IO minutes or less 
Programmability Easily programmable by staff and students 

Durability Lifetime ~ five years 

Table 3. Attributes for proposed RoboBug 

On week four, a guest speaker, a vice president in-charge of global activities of a very large company, was 
scheduled to speak to students about the importance and need of learning adequate skills necessary to work 
in multidisciplinary teams. Students were scheduled to complete. their board layout development and begin 
the design construction. · 

On week five, students were required to complete the main PIC board layout and submit it for fabrication. 
Software development, product virtual and physical simulations/analysis, design analysis, synthesis and 
optimization were required tasks for the fifth week. 

On week six, students were scheduled to develop sensor electronics, begin presentation preparation, and 
work on alternative designs selection. 

On week seven, students were required to complete sensor board layout and submit for fabrication. 

On week eight, sensor board demonstration, manufacturability and bill of process development, and cost 
analysis were required to b~ completed. 

On week nine, students were required to complete robot assembly, evaluation of specifications, and system 
integration testing/debugging. They also were required to e_xamine the product quality and reli~bility. 

On week ten, students demonstrated basic functional specifications (walking gaits in forward and reverse 
directions as well as left and right turns), product life cycle_, maintainability, and serviceability. They also 
worked on their final reports and presentation preparations. 

On week eleven, -students were scheduled for their final oral presentation, final demonstration and 
evaluation of specification ( autonomous navigation of obstacle course), and design validation. 

· Students often used Gantt charts fo~ ~roject milestones to keep their entire team organized. 

GRADING CRITERIA 
Milestone progress reports and presentation evaluations were used to determine each student's final grade for the 

_ course. Grades were evaluated on both an individual and a team effort. Milestone progress reports awarded five to 
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IO percent of the final grade. Students were awarded the full points if milestone criteria were met. Point reductions 
were made as criteria satisfaction was delayed. Both written and oral final presentations were evaluated by the 
instructors of the course and were worth IO and 15 percent respectively. The evaluation sheets used to critic these 
presentations contained several major areas, namely, (}).design process and explanation of key concepts of design 
and fabrication, (2) simulation, '(3) project-planning and management, (4) product ~ttributes achievement, (5) quality 
and use of audio visual materials, (6) organiz.ation, planning, preparation, rehearsal, and transition, (7) time 
management - delivered in assigned time, (8) professional business attire, poise, body language, and eye contact, 
and (9) presentation skills- language, vocabulary, grammar, articulation, rhythm, intonation, and voice projection. 

CONCLUSION 
This project has allowed students to further understand the mechanics, electronics, and processes that go into 
manufacturing a robotic bug. Through the integration of the mechanical, electrical, and industrial concentrations, 
they aimed to simulate working in a professional setting. Each concentration completed tasks that were timed and 
completed with the help from the other concentrations. Feedback from faculty members, graduate assistants, and 
laboratory technicians indicated that students worked well as a team, even though the team members represented 
three different' engineering disciplines. Students were pleased that this RoboBug redesign met the criteria set forth 
by both the professors and the team. Students stated that the experience of working on this interdisciplinary design 
project has been worthwhile and caused each of the team members to appreciate the others' disciplines. Students 
also mentioned that this project had increased their ability to work in cross-functional teams. As individuals they 
were able to utilize their technical backgrounds and skills to effectively work as a team and complete the redesign of 
a RoboBug. With a few manageable concerns such as deadline issues, students communicated effectively to make 
up time and meet project deadlines and they appreciated the experience they gained and skills they learned. Many of 
them stated that at their co-op companies they have seen, engineers from different disciplines and different 
departments work on joint projects like the students did with RoboBug. 
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BUSINESS PLANNING IN NON-PROFIT ORGANIZATIONS 

1 Claire K. Be~jamin, 2Jamila Hewitt and 2Colin 0. Benjamin 
1 Boys & Girls Clubs of The Big Bend, 2 Florida A & M University 

ABSTRACT 
Business plans can assist in selling an organization and its mission to its stakeholders. In this paper, we compare 
and contrast the role of business planning in for-profit and non-profit organizations. We illustrate the critical role of 
business planning in developing new ventures in non-profit organizations using several case studies. 

INTRODUCTION 
Business planning is important to the success of any organization. The business plan can help an organization arrive 
at a nice balance between reach and realism by developing a written summary of what the organization hopes to 
accomplish and how it intends to organize its resources. Business plans can provide focus, assist in driving system 
enhancements, and serve as a basis for setting priorities and allocating scarce resources. A business plan is, in 
effect, a road map for an organization that can be used to sell: the company and its mission to stakeholders (1 ]. 

The. literature contains a wealth of information on creating successful business pl.ans in for-profit organizations (2], 
and on developing business plans for product-oriented ·businesses (3], service businesses [4], and E-commerce 
companies (S]. Appendix I provides a listing of a sample of the many websites which provide useful background 
information on the various aspects of business planning. Non-profits can also increase the probability or'success in 
new ventures by adopting a structured business planning process (6). The business plan is a formal, comprehensive, 
coherent, and concise written document . that describes the key issues in a new venture, viz. market demand, 
management, human resources, operations and capitalization. It can encourage careful consideration of the proposed 
venture to ensure congruence of the objectives of the business venture and the mission of the parent organization. 

The traditional approach to business planning should also be tailored to suit the nature and needs of the typical 
nonprofit organization (7]. Many businesses are now embracing the idea of social entrepreneurship; nurturing 
business ventures that simultaneously contribute to the organizational capacity, mission impact and financial bottom 
line (8). Some profit-making companies are being driven by charitable objectives and some non-profit organizations 
are venturing into commercial activities as an ever increasing number of nonprofits aspire to see their ventures grow 
and replicate. (9, 10] · 

In this paper, we compare and contrast the role of business planning jn for-profit and non-profit organizations. We 
illustrate the critical role of business planning in developing new ventures in non-profit organizations using several 
case studies. 

LITERATURE REVIEW 
Overview 
The business plan is a tool that determines specific business objectives and strategies and is useful for any type· of 
business venture. It is a formal written document that describes the business and can serve as a guide for use by 
investors interested in monitoring and controlling business operations. The business plan also serves both the 
internal management needs of the organization and the external informational ·needs of interested parties ( 11) and a 
well-prepared one could determine the success of a start-up venture (12). It provides interested parties with key 
information that highlights the venture's viability, basically selling itself to potential investors. The audience 
interested in the nonprofit business plan extends beyond investors to include staff, board members, beneficiaries and 
the community at large [10). 

Business Planning Software 
The business planning literature periodically reports case studies that illustrate best industry practices in business 

· planning and provides profiles ~f commercially available software for business planning. Business planning 
software can alleviate the problem of developing a business plan starting from scratch by providing a structure for 
the pl~. The software packages will generally ask questions to extract the most important, underlying concepts 
within a particular business idea. Business planning software may also incorporate "wizards" and ''templates" that 

. prompt users through a detailed list of potential topics. The software can provide users with sample business plans 
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for use as a reference and canned text for use as a starting point in developing some sections of the plan. These can 
be useful aids in identifying the topics that are important · given the· focus of a particular plan. Profiles of several 
business plan software ar~ available on websites such as· www.entrepreneur.com, (13],-www.blackEnterprise.com, 
(14], www.homeofficereports.com) (15], and www.business-plan-software-reviews.com (16]. These software 
packages typically interface with Microsoft Word, Excel and usually with PowerPoint and QuickBooks. Some of 
them t:teed a web browser to connect with their sample business plans and with links to a rich variety of information 
sources. An Acroba~ reader is also needed for some more sophisticated software. 

Among the more popular business plan software are: 
• Business Plan Pro Premier Edition distributed by Palo Alto Software (17]. This product;· developed by Tim 

. Berry, a business planner/consultant since 1974, has secured benefits from many years of use and improvement. 

■ . PlanWrite Expert Edition developed by Business Resource Software, Inc. (BRS) [18] has received favorable 
reviews. BRS, founded in 1989, stresses the utilization of its expertise in artificial intelligence as well as 
competitive strategy and industry analysis. They cite Michael Porter and Boston Consulting as two of the many 
"gurus" whose work/principles are incorporated into their software/analytical tools. 

• Automate Your Business Plan J 1.0, (19) sold by Out of .Your Mind and Into the Marketplace™, is another 
promising business planning software. It is produced by an entrepreneur with 17 years experience as a business 
planner, consultant, and software developer. Reviews indicate this software is very user friendly and that it has 
the elements needed to produce a complete and professional looking business plan. 

• COMF AR III software suite (20] is developed and sold by the United Nations • Industrial Development 
Organization (UNIDO). The software is used to facilitate the development of opportunity, pre-feasibility and 
feasibility studies using the well-proven UNIDO project evaluation methodology. 

Business Planning in Non-Profits 
Overview 
Today, nonprofit organizations are expected to be managed with a · level of professionalism similar to that 
encountered in for-profit businesses (21). Nonprofit organizations also need funding to continue the pursuit of their 
social objectives. Business planning in non-profits is essential in sourcing funds from federal, state and private 
funding as well as outlining fundraising initiatives. Some of these organizations may also face challenging goals 
trying to manage funds from highly fragmented income sources and meet the · overwhelming demand for their 
services on usually limited manpower (10]. Nonprofits need to market and sell their cause, their essence for existing, 
to philanthropists, governmental bodies and most importantly the public, the end-users of the benefits provided. As 
with other private sector businesses, nonprofits need to include a marketing plan section in their business plans. This 
section should not only identify a potential market segment but should define how their program differs from other 
existing programs serving the same market segment (21). 

Nonprofit organizations may ·elect to use the business plan as a tool to measure the impact the organization has in 
the community versus the expenditure required to provide their services and remain in operation (22]. Non profits 
should engage in business planning to realize the maximum benefits to the organization. Business planning in 
nonprofits can assist in improving management, ensuring proper program planning and evaluation, attracting funds 
and qualified volunteers, facilitating partnerships, stimulating technology investment and development, and 
identifying and achieving organization goals (23]. · · 

Resources 
The Yale-Goldman Sachs Partnership on Nonprofit Venture's website (www.ventures.yale.edu) is an excellent 
resource for analysts interested in business planning in non-profits. The site contains a tutorial on Business Planning 
for Nonprofit Enterprise; an extensive library and bibliography. Sample non-profit business plans can also be 
downloaded. 

Limited software support exists to alleviate the tedium associated with business plan development. However Palo 
Alto Software [17], in partnership.with the Los Angeles-based Social Enterprise Alliance, recently developed a new 
software program, Business Plan Pro - Social Enterprise Edition, specifically to aid business planning in non
profits~ The wizard-driven software produces a social enterprise plan that includes market analysis, strategy and 
implementation description, social return on investment, sales forecast, personnel plan, and financial statements. 
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A .Comparison 
In the broadest sense, business planning in non-profit organizations does not differ significantly from business 
planning in for profit organizations in that the common goal is. to develop a roadmap for launching a new business 
venture or expanding an ongoing enterprise (6). However nonprofits have not always demonstrated a willingness to 
develop a business plan before beginning a new program. Training in business planning may help to overcome this 
barrier. Whereas the ''top-down" approach is widely used to convey organizational objectives, the "bottom-up" 
approach is more often used in nonprofits as feedback from the community and staff is highly valued [24]. The 
audiences for both entities view business plans from different perspectives. Investors interested in for-profit 
enterprises look for low costs when examining the pro-forma financial statements. Investors in nonprofit companies 
want to see as much expenditure as possible directed towards their supported cause [25), [13]. In non-profits, 
business planning is more complex because the new venture must satisfy both the social and financial objectives of 
the organization. Some analysts at the Robert Enterprise Development Fund (www.redf.org) have promoted the use 
ofa .Social Rate oflnvestment (SROI) (Chun et al, 2001) [26] as the economic index for evaluating business plans in 
non-profits. This index, which is built upon the framework adopted for social cost-benefit analysis, expands the 
scope of the traditional rate of return calculations to incorporate the social objectives of non-profits, e.g. expanding 
employment opportunities to low income workers through the provision of relevant job training programs. However, 
SROI calculations still do not yet enjoy widespread applicat~mis in non-profits. In addition, analysts in non-profits 
have little access to business planning software specifically developed for their needs and so the task of developing a 
business plan will continue to present challenges. In the next section, we will briefly examine business planning in 
three North Florida non-profit organizations which all have very different social objectives. 

BUSINESS PLANNING IN NON-PROFITS -CASE STUDIES 
Big Bend ·Hospice (www.bigbendhospice.org) [27] 
Company Overview . 
Big Bend Hospice (BBH) is a nonprofit organization that ·provides physical, emotional, intellectual and spiritual care 
to terminally ill patients and their families. BBH, a Medicare certified hospice since 1983 and accredited by the 
Community Healthcare Accreditation Program (CHAP) since September·2000, provides a wide range of services to 
patients, families and the community (400,000 in population) in the eight-county area of North Florida's Big Bend 
(see Figure 1). 

Gadsden . 

Leon / Madrsm 

LI berty Walcu 'f i 1' 

aytor 
Franklin 

Figure 1: Counties in N9rth Florida Big Bend 

BBH's mission is "To provide compassionate care to individuals with a terminal illness, comfort to their families, 
and emotional support to anyone who has lost a loved one." Bereavement services for anyone of any age in the 

· community is part of the Hospice ~ission as is education and training of healthcare professionals and the general 
public on issues surrounding end-of-iife concerns, pain management, life-limiting illnesses, dying, death, grief and 
bereavement. BBH's vision is to be the choice of care, comfort and hope at the end of life. BBH seeks to provide 
medical, emotional, spiritual and practical care to persons of all ages who are diagnosed with a terminal illness or 

. condition and who have a limited life expectancy. This care is primarily provided in patients' homes to assist them 
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to live in dignity for as long as possible and die in peace in the location of their choice. Hospice includes the family 
or other caregivers as the unit of care, providing emotional and practical support to the caregivers. The focus is on 
the :relief of pain and symptoms and support for quality of life. Each ·patient/family is -assigned an interdisciplinary 
Hospice Team of nurse, family support counselor, chaplain, home health aide and trained volunteer. This Team also 
includ_es the patient, the caregiver, the patient's physician and the Hospice medic~l director. 

New ·Busioess Venture-The ArtisTree 
BBH's rapid growth over the years resulted in a critical need_ to explore revenue-generating activities to sustain its 
growth while enhancing the quality and reach of services offered to the community. In November 2000, BBH 
launched the ArtisTree Art and Gift Gallery as an income-generating pilot project selling.-original and unique 
upscale art and gift items to local consumers. In the first year of operation, the venture generated modest sales and 
showed encouraging potential for having a positive economic and social impact. BBH's management felt that by 
effectively integrating ArtisTree into the outreach activities of BBH and providing increased institutional support, 
the ArtisTree Art and Gift Gallery could generate significantly increased revenues. 

A business plan was commissioned from the School of Business & Industry at F AMU to formalize operating 
strategies consistent with ArtisTree's mission of being an inspirational and uplifting source for original, unique, and 
unusual art and gift items eventually servicing the expanded counties of the Big Bend area. The business venture 
built on BBH's strengths which included: 

✓ Partnerships with the local community . . 
✓ An existing ArtisTree Art and Gift Gallery which has been in operation since November 2000 
✓ A large network of enthusiastic, multi-talented and dedicated volunte,ers 
✓ A long-standingpre~ence in the eight-county, Big Bend area in North Florida . . 
✓ Strong ties with community-based organizations e.g. professional artists groups, local churches, women's 

groups 

hi this case, business planning enabled the alignment ofa revenue-generating business unit with the organization's 
mission and garnered the support required from all stakeholders to ensure its success. 

The Children's Forum {www.fcforum.org) (28) 
Company Overview 
The Children's Forum was incorporated in 1990 as a private, not-for-profit organization and was awarded the 
contract to administer/operate the statewide network in Florida for child care resource and referral. In keeping with 
its mission of providing "leadership and advocacy for affordable quality early care and education for all children", 
the Children's Forum has developed a broad array of programs, services, and publications. The programs contracted 
through the Agency for Workforce Innovation's Office of Early Learning, the Florida Department of Health, the 
Florida Department of Education, the Department of Children and Families, the U.S. Department of Health and 
Human Services, as well as private and foundation resources include: 

• TEACH® Early Childhood Scholarship Program 
• Child Care WAGE$ FLORIDA Project 
• Child Care Training Information Center · 
• Disabilities and Special Needs 
• School Age Child Care . 

The Forum has also designed, developed and produced an impressive library of educational materials for parents, 
providers, advocates, administrators and businesses. These materials include research briefs, booklets, brochures and 
pamphlets, flyers, handbooks, resource packets, magazines, newsletters, online materials, and more. Over the years, 
the Forum has served as a statewide, non-profit organization with an uncompromising vision to make Florida a 
quality child caring state. The driving vision is that Florida's citizens, by investing adequate resources in young 
children, will have stronger families and communities prepared to succeed in a competitive global economy and 
accept the responsibilities of good citizenship. 
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NeJV Business Ventures 
To achieve its goal of being a credible a?,vocate for early education, the Forum's management team recognized the 
need to explore business ventures which would generate revenues and reduce the reliance on state funding. The 
challenge was to identify viable opportunities which would be consistent with the organization's mission and make 
long-term good use of their employees' many skills and talents. This would also require a change in the culture of 
the organization to encourage more risk taking. · Business areas pursued by The Forum included Information 
Technology outsourcing and hosting conferences and special events. These were areas in which there was already 
in-house expertise and organization capacity. 

The Boys and Girls Clubs of the Big Bend {www.bgcbb.org) (29] 
Company Overview 
The Boys & Girls Clubs of America, an organization in existence for 127 years, is a nationwide affiliation of local, 
autonomous Clubs serving over 4.4 million members at some 3,700 club locations in all 50 states, Puerto Rico and 
the Virgin Islands plus domestic and. international military bases. The Boys & Girls Clubs seek to inspire and enable 
all young people, especially those from disadvantaged circumstances, to realize their full potential as productive, 
caring and responsible citizens. By reaching children at . an early age and providing positive activities and 
encouragement, the Clubs provide a compelling alternative to youth crime, gang membership, drugs, and other 
negative influences that affect today's youth. The Clubs' programs promote the .development of young people by 
instilling a sense of competenc~, usefulness, influence and belonging. When this strategy is fully implemented, self
esteem is enhanced and an environment is created which helps member~ achieve their full potential. 

The Boys & Girls Clubs of the Big Bend opened its doors in January 1993 and today has a presence in 12 locations 
in Leon, Franklin and Jefferson counties serving more than 3,000 members. Through their service to parents and 
adults receiving educational programs, the Boys & Girls Clubs of the Big Bend serve more than 6,000 individuals in 
the community. Programs and Services are offered in five core areas: ( 1) Character and Leadership Development; 
(2) Educational and Career Development; (3) Health and Life Skills; (4) The Arts; and (5) Sports, Fitness and 
Recreation. Since its inception, the Boys & Girls Clubs of the Big Bend has produced thousands of alumni who are 
today making an impact in our world as capable, responsible, taxpaying citizens and community leaders. 

New Business Ventures 
The Boys and Girls Club owes its survival to its ability to _secure financial support from the community through 
traditional annual fund-raising activities. Participation in new revenue-generating business ventures consistent with 
the organization's mission is an attractive area of exploration. This requires identification of attractive· business 
concepts and the development of business plans for preferred concepts .. Such activities would concentrate on areas to 
enhance entrepreneurial career and vocational aspirations of youth members. 

, DISCUSSION AND CONCLUSION 
Non profit business planning rarely differs from for-profit business planning. All business plans need to add.r~ss 
certain basic issues regardless of the company's nature of business, its size and the intended use of the business plan. 
Both examine the industry and the market, generate operating and marketing plans, identify organization and 
management needs and formulate pro-forma financial statements. However, Nonprofits do not do enough research 
before planning (7). · 

As shown in the case profiles summarized in Table 1, non-profit organizations typically obtain their financial 
resources from grants and donations from governmental · agencies, foundations and private individuals and are 
constantly under pressure to meet the fundraising targets needed to support the organization's programs .. Launching 
revenue-generating business ventures to improve cash flows is an attractive proposition. However careful business 
planning is required to ensure the alignment of the venture's objectives with the overall organization's mission and 

_ values. The business plan can also help to ensure that the proposed venture is consistent with an organization's 
resource constraints. · 
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Case Study #1 Case Study #2 Case Study #3 

Organization Big Bend Hospice Children's Forum Boys and Girls Club of 
the Big Bend 

Location Nortli Florida North Florida North Florida 
Focus End of Life Care Early Childhood Young Adult 

Education Development 
Financing Medicare/Medicaid Government Grants Government Grants 

I 
Private Donations Private Donations 

Mission To provide compassionate To provide leadership and To inspire and enable all_ 
care to individuals with a advocacy for affordable young people, especially 
terminal illness, comfort to quality early care and those from disadvantaged 
their families, and emotional education· for all children circumstances, to realize 
support to anyone who has their full potential as 
lost a loved one. productive, caring and 

responsible citizens. 
Business Planning To develop and implement To identify opportunities To evaluate business 
Challenges an operating strategy for an for revenue generation ventures which are in 

existing business unit to ventures which are in alignment with the 
attain revenue generation alignment with the organization's mission 
goals, alignment with · organization's mission and values, and consistent 
organization's mission, and and values, and consistent with resource constraints 
conformance with with resource constraints 
resource constraints 

Table 1: Profiles of three case studies in business planning in non-profit organizations 
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Appendix 1: Informational Web Sites for Business _Planning 

• www .actionsearch.com 
Go to "ActionSearch Engine" ·window and enter "business plans." The site provides numerous valuable business 
planning LINKS, such as: business plan software reviews, sample business plans, startup issues, finance issues, 
strategy and forecasting issues. Also links to business planning resources such as American Express, MIT, 
PriceWaterhouseCoopers, US Small Business Administration, and others. 

• Babson College: Horn Library; www.fusion.babson.edu/html/library/ 
This site includes many valuable LINKS such as "Research Guides from A-Z," where topics include Business Plan 
Research, Business Plan "How-Tos and Examples," and Entrepreneurship Advice for Starting and Running a 
Business. 

• CELCEE, The Kauffman Center for Entrepreneurial Leadership Clearinghouse on Entrepreneurship 
Education, Www .ce lcee.edu 
This site has digests on entrepreneurial education and business planning research links. 

• _Ernst & Young, www.ey.com 
Jn the search window, enter "Outline for a Business Plan." Additionally, they offer ERNIE, an Online Business 
Consultant. ERNIE provides in depth, cost effective advice on virtually any tax, audit, or business consulting topic. 

• Harvard Business Review www.harvardbusinessonline.hsb.harvard.edu 
Articles and how-to publications for entrepreneurs. One business planning tool available online is: Harvard 
ManageMentor Module: Preparing a Business Plan (Product# 8415). · 

• Leeds Business School, University of Colorado, www.leeds-faculty.colorado.edu/lawrencs/bplan 
Business Plan Preparation section includes tools for writing business plans. Content examples include Outline of a 
Successful Business Plan, Twelve Steps to a Successful Business Plan, Quick Start Feasibility Study, Sample 
Business Plans, and Reference Links. 

• MOOT Corp. Competition, University of Texas at Austin, www.mootcorp.org/index.asp 
This site provides information on the annual global business plan competition sponsored by the University of Texas
Austin Mccombs Business School. The site affords access to winning business plans from · recent MOOT Corp 
competitions. 

• Opportunity Funding Corporation Venture Challenge (OFCVC), www.ofcvc.org 
This site provides information on the annual business plan competition sponsored by OFCVC for students at 
Historically Black Colleges and Universities (HBCUs). The site also provides a comprehensive listing of 
information sources for students dtweloping business plans. 

• Palo Alto Software, Inc, Bplans.com, www.bplans.com 
Site contains articles and advice on a variety of business planning topics. It is especially useful when using the 
Business Plan Pro business planning software. · 

• Small Business Administration: www.sbaonline.sba.gov/starting/businessplan.html 
Business plan outlines and extensive business planning instructions including financial data, marketing data, and 
excellent links. 

• Yale-Goldman Sachs Partnership on Nonprofit Ventures. www.ventures.yale.edu/brieftutorial.asp 
Brief Tutorial on Business Planning for Nonprofit Enterprise; Extensive Library and Bibliography .. Sample business 
plans can also be downloaded. · · · 
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FOCUS GROUPS IN NEW VENTURE CREATION 

Colin Benjamin, S~ndhya Harris, Janelle Edwards and Juanda Beck-Jones 
Florida A&M University 

ABSTRACT 
Focus groups can be used with great success during the process of new business development to obtain invaluable 
insights into customer perceptions about new products or services. When effectively deployed, focus groups can 
facilitate the design and implementation of efficient business processes which will ultimately have a significant 
impact on the survival and long-term growth and profitability of new business ventures. In' this paper, we review the 
role of focus groups in business planning and illustrate their application via case studies of new business initiatives 
in the Healthcare, Restaurant and Fashion industries. 

INTRODUCTION 
Focus groups have been used with great success in a wide rang~ of organizational settings often to obtain in-depth 
qualitative data to complement the quantitative data obtai;ned in surveys. Political pollsters use focus groups to 
gauge the views of potential voters about political candidates [I]. Marketing firms use focus groups to determine 
how customers respond to new or present products [2]. Survey designers use focus groups to pretest their ideas and 
to interpret the quantitative information obtained from interviewing and organizational researchers use focus groups 
to learn how employees and managers feel about issues that confront-tl_lem in the workplace [3]. 

Other applications include Human resource managers regarding stock options~ a form of payment [4]; managers to 
reshape organizational goals due to generational shift in workers [5]; local officials to study local support for a 
downtown redevelopment project [ 6]; and industrial designers in ·the early phases of design [7], [8]. 

Focus groups can also be used by business analysts charged with the responsibility of developing business plans to 
provide a roadmap for launching new business ventures. When effectively deployed, focus groups can provide 
invaluable insights into customer perceptions about new products or services and .facilitate the design and 
implementation of efficient business processes which can result in cost savings, quality improvement, and enhanced 
customer service. These factors will ultimately have a significant impact on a new venture's survival and long-term 
growth and profitability. In this paper, we review the rol~ of focus groups in business planning and report case 
studies from the School of Business and Industry at Florida A & M University illustrating the application of focus 
groups in launching new business initiatives in the Healthcare, Restaurant and Fashion industries. 

LITERATURE REVIEW 
The concept of the focus group, essentially interviews with small groups of carefully selected people, was initiated 
after World War II to evaluate audience responses to radio programs [9]. Focus groups have a long history in market 
research and have. become very pqpular as a way to gain more insight into consumers' ideas about products. Over 
the years focus groups have been used in a variety of industries and have enjoyed particular success in m·edical 
research in the pharmaceutical industry [10]. • 

Focus groups are becoming increasingly popular as a means of conducting qualitative research regarding both 
current products, as well as the implementation of future products or services. Lee, [11], studies the use of focus 
groups as a useful means of collecting marketing data and looks at their use in the public service settings, 
particularly public libraries, in an effort to assess issues concerning circulation, reference services, and library 
instruction. Lee pinpoints the critical steps in developing f.ocus groups including Planning, Recruiting, Appointing of 
moderators, Conducting, and Analyzing and takes an in-depth look at each of the processes, describing the most 
effective ways to go about each step. Lee, like other researchers, notes the importance of focus groups in the initial 
stages of business planning, while still reconizing the need for further research in order to reach more definitive 
conclusions regarding the product as well as the market in which it will compete. 

Chang [12] looks at Compellent Technologies, a network storage company that opened for business in 2002. Chang 
studies this company due to its heavy reliance on the use of focus groups. The company has created what is know as 
the Compel/ant Customer Council, a focus group that. is conducted three times a year in order to help the company 
examine its product as well as its surrounding marketplace. The article goes on to discuss how important the 
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Compel/ant executives feels focussed research is to the company. Chang concludes the article by discussing the 
spread of focus groups styles to include 'online discussions, networking sites, as well as biogs tracking customer 
opinions.' 

Calde_r [13] looks· at focus groups from a 'philosophy of science' perspective. He examines the field of qualitative 
research and identifies the strengths and weaknesses of the different methods including the exploratory, the clinical, 
·as well as the phenomenological approach. While Calder may be ·more critical of some methods than others, he does 
acknowledge that each of the different methods is useful in se_rving to address different issues in the overall research 
process. 

Focus groups afford researchers an opportunity to collect a wide range of data in a short period of time, explore 
reiated but unanticipated topics, and do not require complex sampling techniques [3]. However, the results are not 
generalizable nor treated statistically because the participants are not randomly selected. Additionally, the quality of 
the data is influenced by the skills of the moderator and the results of focus group analysis are qualitative and often 
difficult and time consuming to analyze. The literature emphasizes the importance of careful planning in 
implementing focus groups. Careful attention must be given to focus group composition [14], [15], and in managing 
the focus group s~ssion [ 16], [ 17], to ensure the effectiveness of the process. 

FOCUS GROUPS IN BUSINESS PLANNING 
. Focus groups can be quite effective in business planning; seeking outside input can be useful in addressing concerns 

related to Marketing, Operations, Finance, Human Resources and Legal as well as other issues related to the critical 
risks associated with the design and implementation of a business plan. This type ·of research is currently being 
utilized both by small start-up company's who wish to conduct research studies at a lower cost, as well as larger 
firms who may use focus groups as their initial form of primary research. · 

For' the smaller firms it is the cost effectiveness of focus groups. Researchers have found that given the relatively 
minimal time and cost that it may take to set up arid execute a focus group, the return on that investment, if the focus 
group is conducted correctly, is substantial. The synergistic effects of open group thinking oftentimes has a real 
impact on the Business'/Company's perception of pertinent issues regarding their idea. While alone, entrepreneurs 
may not be able to see past their 'great idea', among a group of free-thinking individuals they become more 
sensitive to how a 'typical' consumer may react to their product. 

For larger firms, with greater funding, focus groups are often used as a preliminary business research tool. Market 
researchers often use focus groups as a means of obtaining information concerning attitudes or behaviors towards a 
subject, which once assessed, is used to more effectively execute more in depth research [ 18] i.e. development of 
questionnaires, addressing· problems with current market strategies, and developing new approaches. In the 
following section, we present three case studies from the healthcare, restaurant, and fashion industry to illustrate the 
application of focus groups in developing business plans for new ventures. In all cases, close attention is placed on 
managing the focus groups to ensure the deployment of an effective group process which will provide insights about 
the particular issues of interest to .the entrepreneur. 

CASE STUDIES 
· Case #1: BioMed Inc - The Healthcare Industry 
Business Profile 
BioMed Inc. is a new business venture launched to develop and market Baby Pulse, a wireless, real-time pulse 
monitor providing home health care for infants. Baby Pulse will be· marketed as an innovative and comprehensive 
sleep analyzer that will offer peace of mind to new parents. This product will enable the user to interpret an infant's 
heart rate reading and track and notify guardians in the event of an emergency. BioMed has negotiated a licensing 
agreement for the technology identified for use and has put in place a robust technology commercialization process 
geared to facilitate rapid product development, testing, and marketing of the baby monitor. 

A Technology Panel comprised of Information Technology professionals compared the proposed technology with 
similar paten~ registered with the US Patents and Trade Office and confirmed it had a competitive edge over its 
main challengers. In the Market Analysis, an Expert Medical Panel affiliated with the Morehouse School of 
Medicine confirmed SIDS (Sudden Infant Death Syndrome) as one of the top-ranked applications for the proposed 
home monitoring system and provided preliminary support for the product concept. ~alysis of Consumer Survey 
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data using Data Mining techniques identified the key attributes of customers most interested in purchasing our 
product. In developing a business plan, a focus group was used to elicit additional insights into the factors that 
would influence a consumer's purchasing decision and identify features that should be incorporated into the product. 

Focus Group 
A focus group was conducted to better .understand the factors that would influence consumers' purchasing decisions 
and to obtain their preliminary assessment of a prototype developed. Participants for this group were carefully 
selected to include parents of infants or potential parents. In the focus group, the participants were asked 
preliminary questions on their general opinion of SIDS and current baby monitoring devices. Then they were given 
a demonstration of the product prototype, after which more specific questions were asked about the product. Among 
the major findings from the focus group were: · 

_ ♦ A doctor's recommendation would be a major influence on the purchasing decision; 

♦ Ongoing product developme'!t is required to incorporate desired features into the product; 

♦ Innovative market strategies will have to be employed to market the product nationally 

As the company moved through the tec~ology commercialization process, the BioMed Inc team planned to conduct 
more focus groups to refine the product design and ensure that the product incorporated desirable features deemed 
important by prospective customers. 

Case #2: On the Green - The Restaurant Industry 
Business_Profile 
ON THE GREEN is a start up restaurant whose main goal is to provide an intimate environment in a restaurant 
setting for customers looking for a 'traditional' indoor dining experience, as well as those wishing to enjoy a more 
nontraditional 'picnic-like' dining experience. Patrons can experience a unique outdoor dining experience in an open 
green area with numerous fully spaced blanketed areas. Each space will have its own music device programmed to 
play a wide variety of music from Romance/Love Songs to New Age music. Additionally the restaurant will feature 
live bands of local acts, as well as recruit a variety of culturally diverse performers. The restaurant will strive to 
maintain the same unique ambiance indoors as that offered when dining outside. Here diners will be able to enjoy a 
relaxing upscale, more traditional, indoor setting. Through the use of group oriented types of menu options as well 
as a highly sociable management team, and a helpful and attentive wait staff the indoor restaurant will aim to mimic 
the environment one may find at a traditional Italian restaurant. The indoor setting will be decorated with a wide a 
variety of artwork, primarily from the owner's collection. 

Focus Group 
A focus group was conducted to assess the general interest in and appeal of picnic eating, as well as to obtain 
answers to some of the marketing concerns surrounding the ON THE GREEN concept. Participants were between 
the ages of 19 and 22, most of whom were business students at Florida A&M University. In terms of general appeal 
to picnic eating, the group interestingly seemed quite attracted to the idea. Participants were first asked how 
frequently they picnicked. As shown in Figure I, the vast majority (86 % ) of the participants had picnicked on at 
least one or more occasions in their lifetime. , 
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Have Frequently Do Participants Picnic? 
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Figure 1: Focus Group participants' prior experience with picnic dining 

When asked their primary reasons for not picnicking more often, most of the focus group participants reported that 
generally, they either lacked the time or energy to go on a picnic, or that weather was an issue.· Additionally, 
although 3 of the 7 participants initially stated that picnic eating did not appeal to them, it was found later on in the 
focus group session that they had in fact become more drawn to the concept. 

In terms of picnic eating, the majority of the group felt that they were more able to picture themselves sitting down 
at a nice restaurant when they were with their families, rather than being on a picnic. This will be very helpful in 
assessing whether the exterior dining area of ON THE GREEN should be developed more as a romantic environment 
rather than cater to a more general mix of customers. 

As stated above, towards the end of the discussion, when participants were asked whether they would prefer to eat a 
traditional meal inside or to eat outside in a catered picnic style atmosphere, the majority of the participants 
interestingly indicated a preference for the catered ·picnic environment (see Figure 2) .. The participants felt that if 
they did enter a restaurant that gave them ·dining preferences, they would not only be tempted to drift more towards 
the alternative that was new and different, but would be .excited with the idea. · 

Overall, the group was quite enthusiastic about the ON THE GREEN business venture. The · majority of the 
participants felt that they would fully embrace such a concept given the following: 

• Romantic Lighting 
• Appropriate Spacing of Picnic Areas 
• Timeliness of Service 
• Absence of unwanted animals or bugs 
• Entertainment 
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If you enter a restaurant that gives you dining options, which would you prefer? 
• ' 

Eating a Traditional 
Meal Inside 

Eating Outside in a Catered 
Picnic Stvle Atmosohere 

No Preference 

Figure 2. Dining Preferences of Focus Group Participants 

Case #3: Culture Shock-The Fashion Industry 
Business Profile 
Culture Shock is a new business venture which displays. gannents hand crafted by upcoming designers of all 
genders, races, and ethnicities. The varied backgrounds of the designers allows for an appealing assortment of styles, 
colors, and fabrics. Culture Shock caters to young women and men in the 18-35 year age group who would normally 
go to such lengths as to shop at vintage and thrift stores to find a look that is not readily available in the mainstream. 
This consumer is not short on cash, but simply is not satisfied with the selection provided at the local mall. The 
Culture Shock storefront is a. simple window with a few displays of items available in the store, but through this 
window is the link to the answer for all those people who had given up hope in finding a new store to fit their style. 
The beauty of the Culture Shock business concept is its customers are united by their differences. The philosophy of 
Culture Shock is based on inclusion and acceptance. 

Focus Group 
In developing a business plan for this new venture in the fashion industry, a focus group was used to discover what 
customers are looking for in both online and physical apparel · retail operations. Participants for this group were 
chosen based on the target market description. In addition an effort was made to get as diverse of a group as possible 
in terms of tastes and preferences in order to make sure that Culture Shock would have something that would appeal 
to a variety of consumer types. In addition to answering questions on their preferred shopping location and 
experience, customers were also given the chance to view a sample of the type of jewelry that would be included in 
the Culture Shock product offerings. The major findings from the focus group were: 

• Consumers are looking for a place to shop with original clothes 

• The level of service and product quality can mean life or death to this new business. 

• While most consumers prefer to shop in a storefront location they are still . very willing to purchase 
accessories online. 
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DISCUSSION AND CONCLUSION 
When carefully deployed, a focus group can play an important role 'in business planning by serving as a robust tool 
for -soliciting input from various stakeholder groups on ·a wide range .of important issues. As demonstrated in our 
case studies, focus groups cm:i provide in-depth qua,itative data to complement surveys which will produce very 
specific quantitative data that can be adapted for a much larger population. F_ocus groups can be very useful in 
_follo~ing up results obtained from a survey to better understand ~teresting or unexpected findings [19], [20]. In our 
case studies, the focus groups helped to provide business analysts with invaluable insights into customer preferences 
which need to be considered during the development and implementation of new business ventures. Effective 
deployment of focus groups will require their integration with other well-proven group processes and techniques to 
ensure that customer preferences and concerns on critical · issues are addressed when developing new business 
initiatives. 
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NEW TRENDS IN OUTSOURCING: DESTINATION POLAND 

Ewa A. Rudnicka 
University of Pittsburgh at Greensburg 

ABSTRACT 
Offshore outsourcing is here to stay and will continue to change the global landscape. More that 200 years ago, 
Adam Smith wrote in The Wealth of Nations that companies and nations that overcame the barriers to trade would 
reap tremendous economic and social rewards. Overall India and Canada retain the dominant position in Information 
Technology Outsourcing (ITO} and Business Process Outsourcing(BPO). While India's weaknesses have emerge~ 
J>oland has shown remarkable growth as an outsourcing destination in both the ITO and BPO industries. This article 
exa_mines the status of outsourcing in Poland and the country's position in a global outsourcing industry. 

OUSOURCING DEFINED 
In recent years of growing globalization, firms must deeide how much control they want to have over their activities 
and whether they should produce inside or outside the firm's boundaries; that is, should they locate production at 
home or abroad? The above decisions are therefore also decisions about international outsourcing. International 
ou~ourcing therefore can be defined as relocating ofactivities outside the firm to_an•independent supplier. 1 

ATTRIBUTES OF JOBS OUT.SOURCED 
While cultural and institutional compatibility are important when choosing a destination, the English language is a 
key component of comparative advantage for the BPO destinations. An even more important factor is the cost 
differential together with the availability of well-educated graduates that gives the critical competitive edge. For 
example, the average salary of a programiner in Poland _is $4,800-$8,000 while in India it is $5,880 -$11,000 and in 
the US that figure is $60,000-$80,000. 
Major attributes of jobs outsourced are: 

• No Face-to-Face customer Servicing Requirement 
• High Information Content 
• Work Processes is Telecom.mutable and Internet Enabled 
• High Wage Differential with Similar Occupation in destination Country 
• Low Set-up Barriers 
• Low Social Networking Requirement. 2 

WHY CENTRAL AND EASTERN EUROPE AS OUTSOURCING DESTINATION 
India, China, Russia, Vietnam, and The Philippines are the most prominent offshore outsourcing countries. The fall 
of communism and the enlargement of European Union, which resulted in a fall in trade costs and the level of 
corruption as well as an improvement in the contracting environment within the new member states, increased the 
Western European countries' attr~~tiveness for outsourcing activities. 3 In recent years, relative cost advantages, 
strong telecom and physical infrastructure, security concerns, strong cultural affinity, and excellent foreign language 
capabilities make Central and Eastern European countries including Poland, Hungary, the Czech Republic, Bulgaria, 
and Belarus attractive to US and Western European companies seeking outsourcing to improve operations and 
reduce costs. Outsourcing in Eastern Europe presents a 20-30% labor cost .advantage over the United States and 
Western Europe. 
Recent security and privacy breaches focused companies' attention to carefully evaluate the outsourcing companies 
from which they procure services. As members of the · European Union, Poland, the Czech Republic, and Hungary 
are obligated to comply with a variety of privacy and security laws, making them attractive outsourcing destinations. 
Several US companies entered the Eastern European outsourcing, for example, DHL plans to employ 1,000 people 
in Prague to track customer shipments and billing in Europe, Accenture plans to employ 1,500 over· five years in 
their outsourcing finance and accounting center in Prague while General Electric plans to employ 300 people in their 
IT and back office support center in Budapest. 

One can argue that Centr~l and Eastern Europe is better for outsourcing than Asia for several reasons such as: 
• Eastern Europe business hours are in better synch with the US and Europe. 
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• Eastern Europe is physically closer to the US than Asia or the Pacific Rim making more face-to face 
interface interaction possible across management and development teams. 

• Eastern Europe has closer cultural affinity with both Europe and the US. 

WIIYPOLAND? 
Political environment, state of economy, infrastructure, energy availability, skilled and educated workforce, and 
strong government support make Poland one of the Eastern European countries a successful outsourcing destination 
for the US and Western European countries. 

Following the polfrical and labor movement turmoil of the 1980's, Poland implemented several.successful economic 
reforms in the 1990's that laid a strong foundation for the economy. The successful economic and political 
transformation in Poland did not go unnoticed. Poland joined OECD in 1996, NATO in 1999, and European Union 
in May of 2004. 

Here are some statistics about Poland's economy. The annual average inflation should drop below 3% in 2005 from 
3.5% in 2004 while the GDP should grow 5% against 5.6-5.7% in 2004. The current account deficit should be 
around 2% of the GDP. After November 2004, Poland's foreign trade deficit fell to EURO 10.7B from EURO 11.5 
in November 2003. Exports in the surveyed period rose 24.8% to EURO 54.3B. Imports rose 18% to EURO65B. 
The Finance Ministry paid $60.IM and EUR012.2M worth of foreign debt interest and $346M and EUR0123M in 
principal in December 2005. Also credits of the ''pool" type were repaid to the World Bank ahead of schedule.4 

·1n 2002, direct investment in Poland was approximately $6 billion while the GDP was forecasted to expand around 
4% in 2004. 

The Polish telecommunications market is liberalized with an open competition in both the local and long distance 
operations. The Telecommunications Law of2000 regulates the monitoring oftelecom services and providers. 
Coal accounted for about 93% of Poland's primary energy production in 2001. While the Polish power generation is 
the largest in Central and Eastern Europe, using primarily coal for its production. Domestic natural gas production 
increased and Poland reduced the imports of it from Scandinavia, Denmark, and Russia. 

Poland has nine major ports, 39 airports, 249,060 km of paved roads, and 23,430 km of railway. 

The Polish university system consists of over I 00 institutions of higher learning and currently produces over 40,000 
engineering and IT graduates annually. 

English is widely spoken in Poland and a significant segment of the population also speaks German. 

A SWOT analysis by NeoIT 5 best summarizes Poland's strengths, weaknesses, opportunities, and threats as an 
outsourcing destination as shown in Table I. · 

Table 1. SWOT Analysis -:Poland 

Strengths . Weaknesses 
Political stability Growing Fiscal Burden on Companies 
Telecommunications infrastructure Slowdown of Privatization Process 
Linguistic abilities Bankruptcies among Local IT companies 
Technical skill pool 
Employment costs 
Facility and infrastructure costs 
Proximity and access to WE 

Opportunities Threats 
Strengths can be leveraged to take advantage of nearshore Strong competition from South-East Asia 
outsourcing uptrend Rising salaries tied to EU accession 
Site location for captive operations due to multilingual labor pool 
and government incentives · 
Mitfgate security and privacy issues post EU accession 
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SUCCESS STORIES IN.POLAND 
Outsourcing in Poland is on the rise. I~ the period 1994 to 2002 ou~ourcing in Poland (as measured by the ratio of 

· foreign to domestic assets ) has increased by 71 %, while in Austria for the 1995 to 2002 period it increased by 50% ( 
as measured by the share of imported inputs in percent of value added). Poland's rise in the skill premium was 41 % 
between 1994 and 2003 while for Mexico it was 19.6% between 1975 and 1988. In Austria's case, relative wages 
for skills declined by 2% for the period 1995 to 2002. 6 

Feenstra and Hanson 7 argued that increase in skill premium in the US as well as in Mexico in face of NAFT A can 
be explained by capital movements in the form of direct investment from the US to Mexico. Following NAFT A the 
US companies started to outsource the labor intensive production activities to Mexico. The affiliates · of US 
multinationals' outsourcing activities, the so called maquiladoras· emerged in Mexico. This led to the increase of 
relative wages for skills in the US and Mexico. This is not the case with Austria and Poland. 8 Austria's outsourcing 
of the more skill intensive stages of production to Eastern Europe led to a decline in the skill premium in Austria. 
On the other hand, Poland, as an outsourcing destination for the US, Dutch, and French companies, has experienced 
an increase in the skill premium. This can be called an inverse rnaquiladoras effect. 

In 2003 neoIT9 estimated the Polish IT services export market to be approximately $22 million, while the BPO 
export market was estimated to be $10 million. Major IT companies include ComputerKand, Prokom, DRQ, 
W_inuel, POLSOFT, Optix, Bazy I Systemy Bankowe, and ComArch. . 

Examples of outsourcing in P·oland include: 
• Philips opened a services center in Lodz planning to employ 400 people in 2006 to service human resources 

.management, finances and accounting, and purchasing for all European operations. 
• CitiBank Handlowy processes transactions for Poland, Slovakia, and ·the Czech Republic in its settlement 

center in Olsztyn where it employs 300 people. It plans to expand the coverage to include Romania and 
Hungary. 

• Although Chairman Rick Wagoner makes no mention of Poland at the stakeµolders' meeting in Delaware, 
2,500 workers will be building the new Opel Zafira in Gliwice, Poland being paid the gross salary of 700 
euros, a quarter of what workers make in Opel's facility in Bochum, Germany. The hiring process includes 
255 questions on the application, psychological and dexterity testing. Many in the workforce are highly 
trained in the Japanese approach and speak English. Less than 15 percent of Polish autoworkers are 
unionized. 10 

• Michelin offered over 3,000 jobs in Olsztyn. 
• Goodyear bought and developed a tire business in Debica. 
• 3M Poland will build a new factory in Wroclaw. 
• LG wants to move production of flat monitors from Germany to Mlawa, Poland. 
• "RR Donnelleys's decision to build its own manufacturing plants in Poland more than IO years ago was 

based on the availability of highly skilled and educated work force, opportunities for growth, and Poland's 
central location in Europe," stated John R. Paloian RR Donnnelley Group President, Publishing and Retail 
Services. In August 2005 RR Donnelley strengthened its capabilities with the acquisition of Poligrafia, one 
of the Poland's leading printers. 11 

- · 

• 5-year outsourcing contract between IBM and Polkomtel: Polkomtel will develop IBM's IT supporting 
management system mySAP. The value of this contract •is $12 million and it starts a 5-year cooperation. 
Implem~ntation of IBM technology will result in a 10 percent cost cut. 

• Capgemini, one of the world's foremost providers of Consulting, Technology, and Outsourcing services 
employs approximately 60,000 worldwide. Capgemini will provide a range of F &A ( finance and 
accounting) services for the US, the VI\, Switzerland and Germany from its dedicated Financial Services 
BPO centre in Poland. The size of these operations will be approximately 400 FTE. The services will be 
provided in different languages. 12 

• Stream, a global technical support and customer service outsourcing provider opened its first Eastern 
European facility -in Szczecin, Poland. The site will provide German-language ·support in addition to 
Eastern European languages as part of Stream's Smart Shore [SM] strategy. 13 

• Tata Consultancy Services Limited {TCS) wants to open an outsourcing centre in Poland and employ some 
1,000 people. The centre is planned to open in Cracow and will be the second office of India's firm in 
Central Europe. 14 

· · 
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CONCLUSIONS 
During the next several years there will be continuous mtgration of IT and BPO services to lower cost destinations. 
One can envision Poland, Romania, Bulgaria, and the Ukraine now relatively young markets to become increasingly 
larger players in the global outsourcing ~arket in the years to come. 
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AN EXAMINATION OF THE ISSUES AND THE COST IMP ACT OF NATURAL DISASTERS 

Amin A. Elmallah 
California State University, Stanislaus 

ABSTRACT 
Several severe natural disasters occurred during the recent year and a half, including hurricanes, tornadoes, 
earthquakes, wild fires, tsunami, drought, severe flooding, severe thunderstorms, avalanche, threat of epidemic and 
pandemic, and sudden severe change in climate. The loss of property and human life, and high cost of 
reconstruction, in addition to the social and cultural impact, has been staggering and beyond expectations. 

Many countries, and developing nations in particular, do not have the financial, administrative, logistical and 
recovery means to deal with many of these disasters. Many countries continue to face a monumental need for rescue, 
recovery, and restoration. Both developed and developing nations are faced with staggering recovery costs. 

National and international financial and budget conditions appear to drive many of the plans, policies and processes 
of dealing with natural disasters. These financial conditions are beyond the means of many nations and result in the 
inability to take necessary measures to use resources to prevent, and at a minimum, reduce the high risk of severe 
impact of natural disasters. · 

Reports indicate that the cost of prevention and risk reduction is frequently ignored. Realization of the importance of 
preventive measures is often not considered until the severe impact of a disaster and its overwhelming financial 
consequences are felt. There is clearly a need to focus on the cost and financial elements of natural disasters from 
the preparation and prevention phases to complete restoration. 

This paper is organized in three parts: Part I presents a summary of selected national disasters and their impact; Part 
2 presents the lessons learned which summarizes the factors and issues that should be examined to lessen the severe 
disaster impact and damage; and Part 3 presents an analysis of the cost associated with prevention, response and 
recovery efforts. 

INTRODUCTION 
Several severe natural disasters occurred during the recent year and a half, including hurricanes, tornadoes, 
earthquakes, wild fires, tsunami, drought, severe flooding, severe thunderstorms, avalanche, threat of epidemic and 
pandemic and severe sudden change in climate. The loss of human life, property loss and high cost of 
reconstruction, in addition to the social and cultural impact, has been staggering and beyond expectations. 

Many countries and developing nations in particular do not have the financial, administrative, logistical and 
recovery means to deal with many of these disasters. Many countries continue to face a monumental need for rescue, 
recovery, and restoration. Both developed and developing nations are faced with staggering recovery costs. 

Reports indicate that the cost of prevention anl risk reduction is frequently ignored. Realization of the importance of 
preventive measures often does not occur until the severe impact of the disaster and its overwhelming _financial 
consequences are felt. There is clearly a need to focus on the cos_ts and financial elements of natural disasters from 
the prevention phase to the complete restoration of losses and damages. 

For many of these disasters, there was clear evidence that disaster planning was inadequate or not taken seriously. In 
cases where planning existed, there were insufficitmt mechanisms and processes for quick response and 
implementation of necessary efforts to lessen the severe impact of the natural disaster. In cases where clear 
implementation processes were in place, there was evidence that adequate and timely resources were not available. 
The cost and economic impact of many of these disasters have not been fully studied and analyzed. To date, the 
extent of resources required to de~l with the destruction have not been fully estimated. 
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RECENT NATURAL DISASTERS 
In December 2005, a strong earthquake hit several Indian.Ocean countries. The earthquake caused strong_ ~d high 
waves along the Indian Ocean coastlines, causing panic .and severe los~es that became latown as Tsuna~i disaster .. 
Eritfre villages aI_ld towns were swept away. Images o( people and homes, on and near many beaches, disappeared m 
a matter of minutes. The tsunami caused over 215,000 deaths, made an estimated 1.8 million people homeless, and 
an estimated $20 billion in damages. The estimated recovery and reconstruction ·cost of this natural disaster is over 

- $5.0 ·billfon. To date, many victims are jobless, homeless, and live in despair. 

Hurricane Katrin~ hit the U.S. Gulf Coast states on August 29, 2005. The city ofNew Orleans was in the direct path 
of the hurricane causing an almost total destruction of that city. Over 1,300 people died, 500,0_90 became homeless, 
and over $20-50 billion in property damage resulted. The estimated cost of recovery and reconstruction is a 
staggering $200 billion. Hurricane Katrina destroyed the social and cultural fabric of New Orleans. Many 

. congressional and U.S. Government reports indicate a total failure to adequately prepare and respond to such a 
severe hurricane. Many of these reports indicate failure at all levels of government, and especially inadequate 
response and recovery by the Federal Emergency Management Agency (FEMA). Hurricane Katrina's impact 
continues to be felt to this day. 

A strong earthquake also hit the mountain areas of Pakistan. It was one of the most severe earthquakes in that 
region. Over 74,000 people died, 2.8 million people became homeless, and the cost of property damage was 
estimated to be in the billions, which was by far beyond the resource capability of that country. Another earthquake 

· · hit .Central Indonesia, wiping out many towns and villages, causing over 5,400 deaths, and leaving over 200,000 
people homeless. 

A recent United Nations report indicated that about 75% of the world's population live in countries that were 
affected by earthquake, flood, drought or tropical cyclone in the last two decades of the 20th century. That report 
provides a blueprint to reduce disaster risk and its impact on human life, property, and progress toward national and 
human development. The report provides examples of how good practices can be effective in the prevention and 
reduction of natural disaster risk. -

LESSONS LEARNED 
The review of the above-mentioned natural disasters identifies common issues and factors that should be considered 
when dealing with natural disasters. The following are the five most critical issues and lessons learned from these 
recent disasters. 

• There is a clear lack of adequate planning for natural disasters and dealing with their impact at all 
levels of governments, including planning by the United Nations at the global level. 

• There is also a clear lack of proper communication and dissemination of information once a disaster 
happens. This was clearly demonstrated by the lack of communication among the local, state, and 
federal government_ agencies in the case of Hurricane Katrina. Many human lives could have been 
saved if the information about the Tsunami had been quickly reported and communicated to other 
countries that later felt the ~pact of this severe disaster. 

• In many of these disasters~ and in particular in Hurricane Katrina, resources were available, but were 
not deployed in a timely manner. This in part was caused by the absence of who is in charge once such 
a severe disaster hits. Reports indicated that resources were misdirected or remained unused despite the 
plea for their deployment by local officials. 

• Many reports indicate that early warning signs of the pending severe natural disaster were not taken 
seriously or were not dealt with in a prompt and efficient manner. In many cases, bureaucracy and 
human incompetence, for example inadequate training and supervision, caused further delay in the 
response and the deployment of recovery resources. · 

• Cost estimate for _the various phases of natural disasters were not adequately prepared. The failure. to 
compare the cost of prevention and risk reduction with the .cost of recovery, reconstruction, and 
restoration was obvious in all of the natural disasters presented above. 
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COST ANALYSIS . 
traditional cost study and analysis have focused on the elements of co.st (material, labor, and overhead), function of 
costs (operation, distribution, and finarlce), cost behavior (fixed or valuable), and the relation of costs to the desired 
outcome (direct or indirect). The severe economic and financial impact of these disasters points to the need for a 
different framework of cost analysis. This research suggests ·a goal-driven framework that is based on the 
comparison between the cost of disast~r preve.µtion and risk reduction with the cost of response, rescue, recovery, 
reconstruction and restoration efforts. Initial finding suggests that a cost index related to the above two major cost 
components may lead to a better and serious consideration of natural disaster prevention and risk reduction 
measures. 

Hurricane Katrina illustrates the need for a full consideration of cost of prevention and risk reduction when 
compared with the cost of recovery and reconstruction. U.S. Government reports indicate that the New Orleans 
levees were flawed, inadequately built, and were incapable of withstanding Hurricane Katrina. The cost of building 
and strengthening New Orleans' levees were estimated at $2 billion. The cost of Hurricane Katrina response, 
recovery, reconstruction, and restoration is not yet accurately determined, but is estimated at over $200 billion. That 
is a cost index of 100. 

The proposed cost framework identifies. eight phases of dealing with natural disasters. The cost of each phase should 
be estimated and used in the computation of the above cost index, enabling policy and decision makers to adequately 
compare prevention with reconstruction and restoration cost. · 

• Cost of the natural disaster preplanning. The cost of this phase includes the studies and research 
dealing with the natural causes of disasters and their potential impact on human life, property, culture, 
and social fabric of affected areas. 

• Cost of natural disaster planning. The cost of this phase includes all of the necessary planning and 
preparation for prevention and risk reduction as well as coping with the ~isaster once it happens. 

• Cost of prevention and risk reduction. The cost of this phase includes all of the costs necessary to 
lessen or prevent the severe impact of a natural disaster. In the case of Hurricane Katrina, that would 
include the cost of building levees that are capable of dealing with the severe magnitude of a hurricane 
like Katrina. Many areas in the U.S., the California Central Valley, for example, faces the danger of 
severe flooding. This prevention cost would include the cost of building levees and providing strong 
flood protection. · 

• Cost of preparedness. This cost would include the means to implement natural disaster plans and to 
deploy in advance the necessary resources to adequately deal with pending natural disasters. 

• Cost of response. This cost would include all the necessary cost of communication and timely 
response to the natural disaster. This will also include the cost of activating a command and control 
system that coordinates and administers all levels of response. 

• Recovery cost. This cost includes the cost of recovery, treatment and relocation of people, 
organizations and systems that are affected by the disaster. It also includes the cost of infrastructure 
recovery. 

• Reconstruction cost. This cost includes rebuilding damaged properties, systems and the infrastructure 
necessary to reconstruct damaged areas. Studies show that the cost of rebuilding the infrastructure 
could be as high as the direct cost of rebuilding damaged homes and structures. 

• Restoration cost. This is the final stage in dealing with natural disasters that include so many 
elements of cost that directly and indirectly relate to restoring the normal economic, social, civic and 
cultural life_ of affected areas. 
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The illustration below shows estimated cost for each phase of a fictitious natural disaster under three different 
scenarios: severe disaster, medium strength, and mild disaster. The cost index is computed for each scenario to 
measure the financial and economic impact by comparing prevention and risk reduction cost with the cost of 
response, recovery, reconstruction and restoration. 

Computation of Cost Index 
Prevention vs. Restoration Cost 

for a Natural Disaster 

N-.ral 
Disaster 

Total TotalCostof 
Phase I Phase2 Phase3 Phase4 PrtMll'ltion/Risk Phase5 Phase6 Phase7 Phase8 Respoose aid 

Preplanning Plalning Prevential Prepaedness Reduction Cost Response Reco,ery Reconstruction Restoration Restoration Cost Index 

Severe Disaster 0.5 1.5 2.0 1.0 10 10 120 100 240 48 

Medium Strength 0.5 1.5 2.0 1.0 5 . 60 60 130 26 

Mild Disaster 0.5 1.5 2.0 1.0 21 30 55 11 

The aboYe ass1.med cost estimates are in billioos of dollars, for a fictious natural disaster. 

RECOMMENDATIONS 

The initial outcome of this research indicates that a strong emphasis should be given to the following: 

• Adequate planning, coordination, and communication among all levels of government that are 
responsible for dealing with natural disasters. 

• Development of different plans for different risk levels of different magnitude of pending natural 
disasters. 

• Adequate implementation of existing plans to deal with natural disasters. 

• Establishment of a single command and control system to clearly identify who is in charge in times of 
natural disasters. 

• Preposition ofresources, supplies, and channels of distribution for adequate arid immediate 
deployment in response to the disaster. 

• Establishment of several United Nations regional centers to assist countries affected by natural 
disasters. These centers should be organized in a manner similar to the U .N. regional Economic 
Development Commissions. The charge of these centers would be to plan and coordinate global and 
multinational natural disaster prevention, risk reduction, response, reconstruction and restoration 
~~ . . 

• Thorough estimation and comparison between the cost of natural disaster prevention/risk reduction and 
the cost of response, recovery, reconstruction and restoration. 
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A SPEECH INTELLIGIBILITY TEST FOR MILITARY APPLICATIONS: 
CALLSIGN ACQUISITION TEST 
, • 

Misty A. Gripper 
North Carolina Agricultural and Technical State University 

Mohan D. Rao 
Michigan Technological University 

ABSTRACT 
Speech intelligibility (SI) is an important characteristic of any communication system or public space. It is used to 
qualify the communication system or acoustic space for speech understanding. SI testing using standardized test 
materials is used in such fields as architectural acoustics, audio communication, audiology, and speech processing. 
However, there are some grounds as to why the existing SI tests are not appropriate for military applications. 
Therefore, a new SI test, named the Callsign Acquisition Test (CAT) has been developed at the Human Research 
and Engineering Directorate of the U.S. Army Research Laboratory (ARL-HRED). The CAT was developed 
specifically for military applications, but can provide pertinent results in the civilian domain as well. The CAT 
materials have been used in house by the. ARL-HRED, but has not been fully validated and standardized. This 
process takes several steps before a final release of a commercial product. The purpose of this paper is to introduce 
the· CAT, its rationale, origin and structure, and to provide some initial results froin the validation and standardizing 
procedures. 

INTRODUCTION 
Speech intelligibility (SI) is defined as the percentage of speech units that may be correctly identified by a listener 
over a given communication system in a specific acoustic environment or the degree to which speech can be 
understood during given conditions (Letowski, Karsh, Vause, Shilling, Ballas, Brungart, & McKinley, 2001). 
Speech intelligibility tests and standardized testing materials may serve many purposes and may have different 
levels of complexity. They are used to test the effectiveness of communication systems and are a fundamental part 
of a routine audiological test battery. In addition, SI tests have been used to aid in the diagnosis of hearing loss 
conditions that affect the peripheral and central auditory systems (Jamieson, Cheeseman & Corbin, 1996; Jerger & 
Hayes, 1977; Goetzinger, 1972) and have also been extensively used to evaluate the performance of hearing aids 
(Bray & Valente, 2002; Chial & Hayes, 1974; Carhart, 1946). 

Unfortunately all of the test materials that are currently used in clinical settings and commercial applications have 
poor face validity in the military domain. The main issues with applying the existing tests in military settings are 
that the vocabulary lacks familiarity to military personnel and the monosyllable words tend to be too limited which 
can lead to poor predictive power when testing for efficiency of communication systems. In addition, most existing 
SI tests used in testing communication systems are long and time consuming and require the use of trained talkers 
and listeners. As a result, military personnel participating in speech tests that are not. representative of the military 
language have difficulty in maintai'Iling required focus for the length of the whole test. The Callsign Acquisition 
Test (CAT) has been developed to address thes~ issues. 

Speech Intelligibility Testing Materials . _ 
Several methods for measuring speech intelligibility have been developed over the years. The general process 
usually involves a group of listeners who record what they hear (by oral, written or pointing method). The speech 
material chosen is important in terms of the test outcome. There are different types of speech materials used for 
testing, each of which has different properties. The length of a test item is one of the major properties that may 
affect its ability to be discriminated. Eagan (1948) showed a relationship between the number of sounds in a word 
and the ability to discriminate that word. His research found that the more phonemes (the smallest unit ·of speech) in 
a word, the more easily that word was discriminated. 

The SI testing materials may· be phonemes, syllables ( consonant-vowel-consonant), words or sentences. The most 
common test material is words. Iri general, the words used in a SI test must be phonetically balanced (PB) for a 
particular language to provide good estimate of the average SI. However, such balance can be obtained in many 
different ways, and thus, there are many different word tests available for various types of speech intelligibility 
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testing. Some examples are the Modified Rhyme Test (MRT), the Central Institute for the DeafW-22 (CID W-22) 
and the Northwestern University Test Number 6 (NU-6). · · 

The level of signal at whteh a listener can recognize that the signal is speech is called the speech reception threshold 
(SRT). Most SRT tests are conducted using spondaic words or spondees. A spondee is a two-syllable word that is 
pronounced with equal stress and effort on both syllables. In the early years of elementary schooling, students learn 

·where to place the accent mark in a word to determine the syllable that is "stressed" the most. This phenomenon 
shows that spondee·s do not occur naturally in spoken English. It is possible, however, to force some common words 
such as "baseball" to conform to the spondaic configuration by altering the stress used with them slightly. In theory, 
any material may be used for SRT testing; however spondees· are most often used because they have the highest 
homogeneity of audibility (Eagan, 1948). 

·Nonsense syllable testing materials are meaningless phrases that may be used to determine speech discrimination. 
Originally, these materials were developed for evaluating the performance of different types of speech transmission 
systems. They were not intended for use as an assessment tool for the hearing impaired. They are randomly 
generated consonant-vowel (CV), vowel-consonant (VC) or consonant-vowel-consonant (CVC) sequences. Interest 
in these types of materials has decreased over time because it was shown (MacFarlan, 1945; Hirsh, 1952) that the 
tests involving nonsense stimuli were difficult to administer and score. However, the advantage of using nonsense 
syllables is that since they are devoid of meaning, their intelligibility is in no way dependent upon the vocabulary of 

. the listener. 

Another common speech signal, spoken digits is used for both SRT and speech intelligibility assessment. Digit 
stimuli can possess some cross-linguistic properties (Ramkissoon, 2001 ). People usually learn the words for 
numbers early on when they are learning a new language, and thus these numeric words are often very familiar (an 
important criterion for speech threshold tests). In addition, when compared with other speech materials, digits are 
highly intelligible (Miller, Heise, & Lichten, 1951_). 

Tests that use sentences as test items may evaluate the ability to hear and understand everyday speech. Sentences 
may provide information regarding the time domain of everyday speech and may approximate contextual 
characteristics of conversational speech (Smoski, 2001 ). Some common sentence-identification tests are the Speech 
Perception in Noise (SPIN) Test, the Synthetic-Sentence Identification (SSI) Test, and the Everyday Sentenc~ Test. 
Such tests are, however, too time consuming and complicated for quick assessment of speech communication 
systems in military environments. 

THE CALLSIGN ACQUISITION TEST 
The language used in military operations is based on a relatively small number of unique single words and simple 
phrases with high percentages of numbers and code words that are meaningless outside of the military environment. 
Much of the vocabulary utilized in military ·applications involves the phonetic alphabet. Phonetic alphabets are 
typically used to reduce between-letter confusability and improve performance for both human-human and 
computer-human communication, These alphabets have been in use by various organizations since World War I 
when some of the "original code talkers" were Choctaw Indians (Briscoe, 1996). 

Origin of CAT 
The CAT evolved from a board game produced by Milton Bradley that is termed "Battleship". The objective of the 
game is to sink all five of the opponent's battleships. Each player secretly "deploys" their battleships (placing pegs 
into a matrix) and tries to find their challenger's ships by calling out cell names from the matrix (example, "B6"). 
Letters indicate the vertical axis of the matrix and numbers indicate the horizontal axis. Both players are bound by 
the rules of the game to indicate if the cell is a hit or a miss. The hits and misses are recorded by placing pegs into a 
matrix. The origin of the CAT test lies in the method of searching for the opponent's battleship. The speech 
intelligibility test based on calling battleship game coordinates was used by Letowski, Vaughan, Good, Lynch, and 
Myers (1998) in their study of speech communication with hearing protectors. The matrix used in this popular 
board game has been transformed and refined by the researchers at the Army Research Laboratory Human Research 
and Enginee~g Directorate (ARL-HRED) who have developed and informally used CAT in several studies 
(Letowski, 2002). However, t~e test still lacks proper validation and standardization (Letowski, 2002). 
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Structure of CAT 
The impetus for the development of CA i: was to provide fast determination whether or not most critical elements of 

· spoken information can be correctly received at the other end of the transmission line. The CAT material attempts 
to exploit some of the simple phrases that are consistently used in military environments in order to predict SI in 
different acoustic environments. The material that is designed specifically for military applications should be 
familiar to and embraced by the soldiers themselves who need to accept results of the testing as meaningful and 
relevant. Howes (1957) found that words frequently used in everyday language are more intelligible in a high-noise 
environment than infrequently used words. This finding in a sense validates the use of the military alphabet codes in 
a speech intelligibility test created for military applications. Also, it has been determined that words which appear 
more frequently in spoken and written language are more easily recognized than those that appear infrequently 
under similar conditions (Forster, 1976; Morton, 1969). Schultz (1964) found that even when words have been 
correctly identified, there is a substantial tendency for highly familiar words to be substituted for the correctly 
ide~tified words. It has also been proposed that frequency effects are caused by the greater familiarity of common 
words (Pisoni, Nusbaum, Luce, Slowia~zek, 1984). Consequently, when a listener is more familiar with the testing 
material, he or she is more likely to find the material intelligible. This phenomenon is of great importance in terms 
of the testing of military communication systems. 

The CAT test utilizes the two-syllable elements of the military callsign alphabet and single number digits to assess 
SI of various communication systems in adverse listening environn)ents. Table I ·shows all possible alphabet codes 
and numbers. Most common SI tests consist of monosyllabic words but previous reports (Ramkissoon, et al, 2002) 
support the use of digit stimuli because these stimuli possess several characteristics that are necessary for .SR T 
testing, they are highly intelligible, very familiar, and homogeneous in terms of audibility and they are easily 
produced as spondees. Robinson and Koenigs (1979) found that digit material yielded generally lower threshold 
values than spondees. 

T bl I Al h b d a e : 1p1 a et co es an dd .. 1g1ts use dti CAT or 

Alphabet Codes Digits 

A (Alpha) H (Hotel) T {Tango) I 
B (Bravo) K (Kilo) V (Victor) 2 
C (Charlie) L (Lima) W (Whiskey) 3 
D (Delta) 0 (Oscar) X (X-Ray) 4 
E (Echo) P (Papa) Y (Yankee) 5 

F (Foxtrot) Q (Quebec) · Z (Zulu) 6 
8 

A single callsign is a three-syllable calling phrase {Table 1) composed of one two-syllable alphabet code and a 
single syllable digit (e.g., Alpha 1). This combination is a good compromise between (1) the simplicity and poor 
predictive value of monosyllabic signals and (2) the complexity and memory load of nonsense sentences and long 
number sequences. Furthermore, longer test items (three syllables rather than two) tend to contain more contextual 
properties (Mannell, 2001 ). Both Hirsh et al (1954) and Rubenstein & Decker (1959) found that as the length of the 
test item increased from one syllable to three syllables, the intelligibility increased. 

INITIAL RESULTS OF THE EXPERIMENTAL STUDIES 
The purpose of this paper is primarily to introduce the CAT test and to provide some initial results from the 
standardization process. These procedures will be written up in detail in later publications. For this purpose, we 
will only highlight some of the most pertinent fin~ings thus far. 

CAT in Quiet 
The standardization process began with collecting subjective data on 27 normal hearing listeners in quiet conditions. 
Different sound pressure levels (SPL) were used that ranged from 5 to 30 dBHL in 5dB steps; In order to evaluate 
the effects of the equalized peak and the equalized average power on the results of the CAT administered in quiet 
conditions, two versions of CAT were compared: a version with equal average power levels of all test items (CAT
A VERA GE) and a version with equal maximum power levels of all test items {CAT-MAX). Figure I shows the 
performance intensity {Pl) functions for the two versions of the CAT. A PI function shows the relationship between 
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SI and speech intensity. The mean scores (percentage correct) are plotted against the corresponding speech 
intensities to form the curve. The slopes of both CAT PI functions are on the order of8%/dB in the middle region 
of the curve. It is also notable that the CAT-AVERAGE produced higher SI meaning that it is more sensitive than 
CAT-MAX. In this study, a comparative analysis wa$-also performed using data from Wilson and Oyler (1997) on 
the CID W-22 and the NU-6. ·Figure 2 shows the PI functions for the two studie~ on the same axes. The results here 
showed that the CAT-MAX and CAT-A VERA GE versions of the CAT are slightly more difficult for low hearing 

· 1eveis (HL) and slightly less difficult for high HL in comparison to CIDW-22 and NU-6. However, the results of the 
four tests are fairly similar. This indicates that the CAT test is slightly more discriminative than the two reference 
tests and could be used in place of CIDW-22 or NU-6 tests in military environments. The Pearson correlation 
coefficients for various pairs in these tests were all at least 0.95. 
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Figure 1: Average PI functions for CAT-MAX and CAT-A VERA GE (Blue, 2002) 
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Figure 2: Average SI curves for CAT-MAX, CAT-A VERA GE, CIDW-22 and NU-6 
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Next, data were collected on the CAT-AVERAGE (called from this time on CAT) and the MRT in white noise 
using a group of22 normal hearing participants. The signal-to-noise ratios (SNR) used were -21, -18, -15, -12, -9 
and -6 dB(A). A signal to noise ratio is defined as the difference between the speech intensity and the background 
noise. There .were two methods' of determining SNR compared: ( 1) keep the speech intensity constant and vary the 
background noise and (2) keep the background noise at a constant intensity and vary the speech intensity. For both 
methods, the level of the parameter held constant (speech or background noise) was 65 dB(A). Figures 3 and 4 
show the PI functions for the CAT and MRT for both methods of determining SNR. 1?1e major results from this 
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data analysis were that the slopes for the PI functions were not statistically different for CAT and MRT for both 
methods of changing SNR. Thus, despite the fact that the CAT scores. were significantly higher than MR T scores, 

· their results may be linearly related through a substantial range of SI. 
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Figure 3. PI functions for CAT and MRT in white noise using Method I 
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Figure 4. PI functions for CAT and MRT in white noise using Method 2 
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Following the data collection in noise, data were collected using 19 normal hearing listeners in white noise and 
reverberation mixed together. Here, CAT was reproduced in environments characterized by SNRs of-12 and-15 
dB(A) and reverberation times (RT) of 1.1 s and 4.8s. A RT is defined as the time it takes for a sound to decrease by 
60 dB of its original intensity (Handel, 1991 ). Figures 5 and 6 show the PI functions for this set of data. The results 
here show that the CAT is more sensitive to reverberation than the MRT under the conditions used in the study. 
From both Figures, the CAT has a sharp negative slope, while the MR T is almost horizontal. Similarly, like in the 
previous experiment, the CAT scores were significantly higher than the MR T scores. 
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The original version of CAT has 126 items and the test can be completed in about 7 minutes. However, such length 
of the test is still too excessive for. some applications. Therefore, we incorporated in the standardization process an 
attempt to shorten the length of the CAT. The shortening process involved gradual elimination of the most 
intelligible test items and resulted in the creation of five shorter versions of the CAT. The shorter lists had 120, 60, 
40, 30~ and 24 words and were labeled CAT-120, .CAT-60, CAT-40, CAT-30 and CAT-24, respectively. During the 
test a listener was presented with a block of 120 CAT items that constituted either CA T-120 or one of the shorter 
versions repeated several times to produce a 120 item block. For example, CAT-24 was repeated 5 times, each time 
with a different presentation order. The listeners were not told that was the essence of the test and expected always 
a CAT-120 presentation. An 80 dB(A) pink noise signal was used as a masker and test material was presented at-6 
and -9 dB(A) SNRs, that is 74 and 71 dB(A), respectively. Figure 7 shows the PI function for all short versions of 
the CAT. The statistical analysis showed that there was no significant difference between any of the shorter lists, 
thus the predictive power of all of the shorter versions was statistically the same. Good test-retest reliability was 
also found by comparing the listeners' scores obtained in the subsequent repetitions of the same test within the 
block. -
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In summary, there is a need for a new SI .test for military communication systems operated in noisy environments. 
The CAT test was developed to accommodate this need. It contains language that is familiar to military personnel, 
and test items that are long enough (three-syllables) to provide good contextual properties and to be considered a 
good compromise between (I) the simplicity and poor predictive power of monosyllabic syllables and (2)the 
complexity and memory load of nonsense sentences and long number sequences. The initial results of the validation 
and standardization process show good CAT correlation with existing tests in quiet and white noise (CID W-22 and 
NU-6 I quiet and MRT in white noise) in terms of the slopes of the PI functions. In reverberation, however, there 
was a difference in the slopes of the PI functions indicating that CAT was more discriminative to the effect of 
reverberation than MRT. In both the white noise and the reverberation and white noise backgrounds, the scores for 
the CAT were significantly higher than the MR T. The most important fmding of the reported studies was that CAT-
120 and CAT-24 were similarly discriminative. This indicates that a good initial assessment of SI of the 
communication system can be obtained in 1-2 minutes but using a subset of original CAT items, which makes CAT 
appropriate for any field application. However, it has to be stressed, that all the above observations and conclusions 
are only preliminary and need further verification. The focus of the future studies should be on more extensive 
comparing CAT data with other popular speech tests and determining a final subset of CAT items on which the 
CA T-20 or CA T-24 testing can be based. 
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ABSTRACT 
With the advances in technology and the increased use of automation, it is critical for, training applications to 
provide a realistic representation of the actual system. The use of 3D animation and graphics software makes these 
applications more interactive and user-friendly. This would ultimately ensure effective operator training, particularly 
in maintenance and troubleshooting task~ in the transportation industry, which is the focus of this research. A minor 
change in the state of one part of such systems will normally result in changes in other parts, which should be clearly 
represented in the graphical training application. Hence, this paper describes the development and usability of an 
animat~d training aide based on a system level schematic . of a subway car for maintenance and troubleshooting 
operations. The training application co11sists of both electrical and pneumatic sections of the subway car under 
investigation, and the functionality of each subsystem, and the system as a whole, is represented effectively. 

INTRODUCTION 
In many of today's complex environments, humans continuously interact with system components to accomplish 
any given task. This interaction normally occurs through an interface, and hence for ensuring a reliable overall 
performance of the system, it is imperative to have a well-designed, user-friendly interface. Interface design plays a 
crucial role in effective functioning of mail-machine systems. With the tremendous advancement in technology, it is 
the usability of an application interface that differentiates between the success and failure of a product/system. 
Usability, as defined by the department of health and human services (DHHS), is the measure of the quality of a 
user's experience when interacting with a product or system - whether its a website, a: software application, mobile 
technology, or any user-operated device [I]. The· usability professional association (UPA) defines usability as the 
degree to which something ( e.g., software, hardware) is easy to use and represents a good fit for the people who use 
it [2]. Though there can be hundreds of different definitions for usability, the baseline is that it is very important for 
the developers to focus more on the user perceptions and needs rather than the features provided by the technology. 

Researchers are currently focusing on many interface-related factors, such as the general appearance, text position, 
menu design, and navigational features for designing the interface based on end-user needs. The most commonly 
accepted criteria for evaluating interface usability are the ease of learning, efficiency of use, memorability, error 
frequency and severity, and subjective satisfaction [I]. Recently, the focus is more on providing customer centric 
information in the best way possible. In today's global world, most companies have diverse customer base across 
various time zones, and they rely (for the most part) extensively on user-friendly websites to provide information 
and customer service. Therefore, to maintain competitiveness with others, it is crucial for these companies to focus 
more on rendering websites that are simple and easy to use, but at the same time provide the necessary information. 
Apart from websites and portals, usability methods can obviously be applied to variety of applications, such as 
mobile phones, digital camera, training tools, and business presenta~ions. 

Ensuring usability has direct effect on customer satisfaction, productivity, and customer loyalty, all of which results 
in increasing savings/profit for the organization. Marcus [3] outlined various benefits of usability engineering, such 
as increased user productivity, decreased user errors, savings gained from making changes earlier in the design 
cycle, decreased user support, and decreased training· costs. Moreover, Marcus [3] reported that usability 
engineering can help a company in gaining good brand value, which in turn affects the market share of the 
company. For example, in the mobile market, though there are many different companies providing varieties of 
p.roduct, Nokia has been widely perceived as a most user friendly brand. This brand image for Nokia helps attract 
more customers, especially novice mobile users. . · 
In spite of the many advantages of integrating usability engineering principles in the system design stage, most 
companies are not yet willing to perform usability analysis due to the high cost involved [5]. Nielsen [5] stated that 
perceived high cost for performing usability study is the main barrier for companies not performing usability studies. 
The other reasons he discussed were the amount of tinie involved and the complexities in performing such studies. 
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Besides, the lack of awareness about the benefits of usability methods is another barrier in applying usability 
techniques. Nevertheless, Nielsen [5] and Marcus [3] has explained clearly the benefits of usability and refuted the 
m~jor arguments against applying usability principles. 

This paper focuses on the development .and usability. of an interface .for operator training on troubleshooting and 
maintenance activities. The system for which the interface is designed is in the transportation industry. More 

·specifically, the interface was designed to represent all the components of a subway car. This is a fairly complex 
problem since the user-centered design approach was based on the nee4s of both the trainers and the trainees. The 
development of the interface evolved through different brainstorming sessions and discussions at various stages. 
This paper highlights more specifically the various usability engineering methods applied in t4~ development of the 
application· rather than the usability testing phase using potential users/human subjects, which requires further 
research and experimentation. 

This paper is structured as follows: section 2 briefly covers the related literature on interface usability evaluation. 
Some of the applications covered include websites, portals, mobile phones, and training tools. Section 3 describes 
the various methodologies adopted in the development of the training tool for the subway car, with the application 
features, such as panning, zooming, navigational features explained in Section 4. Section 5 describes how the testing 
is conducted for the application, with conclusions and future work presented in Section 6. 

LITERATURE REVIEW 
· Many researchers have. developed usability models for evaluating the user friendliness of interface applications. For 

example, Marchionini and Brunk [4] studied the usability of websites. The authors call the browser a relation 
browser to indicate the communication between the user and the interface (i.e., browser). Relation browser was 
designed as an alternative site map to Fedstats portal, and the usability analysis was conducted by asking the 
subjects to perform certain search tasks using this browser. The search task was substituted for exploration type of 
tasks, particularly since the latter are difficult to assess empirically. Moreover, Instone [6] explained how usability 
methods can be applied to different websites · by emphasizing various issues, such as structure, bandwidth 
availability, and user control. Paradowski and Fletcher [I I] discussed how task analysis can be used as a usability 
tool in the development of fatigue-modeling software. The authors used the results from the task analysis performed 
on the software to improve its usability. 

Redish and Theofonos [7] provided guidelines for designing a website that are both accessible and usable for· people 
with disabilities. The report explains salient statistics that will help the developer to understand the different needs 
of people with disabilities, such as providing suitable commands in the screen reader for blind people. Jones et al. 
[12] suggested a speed dependent automatic zooming (SDAZ) for displays that are too big to be shown on standard 
desktop screens. The SDAZ method combines panning and zooming features to provide a more user friendly display 
in various applications, such as maps and electrical circuit animations. Apart from the academic and commercial 
organizations conducting research on usability issues, the U.S. government has evinced great deal of interest in 
addressing usability issues. For example, an article on the UPA website [2] showed how professionals worked with 
election officials in Oregon, Nevada and Illinois to design ballots, polling place signage, registration forms and other 
election materials. · 

. Over the years, researchers have adopted· various usability techniques for evaluating different applications. For 
example, Kjeldkov and Stage [9] _ have explained six different techniques for evaluating the usability of mobile 
phones and computer devices, which are perceived to be widely different . than those specific to website design. 
Interestingly, Bertlee et al. [8] studied the effectiveness of accessing-websites through mobile phones, an issue that 
is becoming prevalent every day. The study was performed due to the advent of wireless application protocol 
(W AP) technology, which is highly significant for mobile web users. Apart from the actual conduct of a usability 
study, researchers have also looked at various economic aspects of conducting such studies. For example, Nielsen 
[5] supported the importance of performing usability analysis by emphasizing the economic benefits associated with 
it. Also, Marcus [3] outlined various return on investments for usability analysis, and have strongly suggested 
including the usability methods early in the product development life cycle_. 
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INTERFACE SYSTEM .DESIGN 
System Description , 

· As stated earlier, the interface system designed in this study is for the subway car. As determined by the customer, 
the interface should be able to represent all the components of the subway car, which consists of around 500 
electrical and pneumatic switches, with significant interconnectivity between their functions. The objective of the 
study is to develop a training application that can help operators understand the functions of various components 
within the subway car for maintenance and troubleshooting purposes. A change of state in the system due to a 
change in switch positions should be clearly represented to an operator. Figure I show a screenshot of the interface 
designed, representing the heating and ventilation circuit of the subway car. There is a total of twelve different 
subsystems in the interface, such as HV AC, Lights, Doors, Propulsion, Load, Pneumatics. Each of the subsystems 
has a number of switches that are to be animated. The graphical representation of all the components and its 
circuitry connections is quite complex, which makes representing all of them in a single screen (clearly) not 
possible. Also, the system is so complex that a change of state in one part of the system will lead to a change(s) of 
state in many parts of the system. Therefore, there is a need for providing zooming, panning, and navigational 
features to overcome some of these difficulties. The labels for each of the different switches are abbreviated as per 
the electrical standards. Besides the normal functions ·of the interface/system, the design requirement also includes 
the need for animation of various fault scenarios, which will · be used to educate the operator on probable fault 
correction tasks. 
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Figure 1. A screenshot of the interface. 
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The interface design team consisted of four members from diverse backgrounds, with each having their own duties 
in the application development phase. The electrical engineer provided the logic tree explaining the functions of the 
subway car. The software developer was responsible for the animation of the system and provided various features 
to the interface as required by the client. The remaining members provided design inputs at each stage of the 
development, such as interface layout, fault scenario description, and color coding. Testing was carried out by the 
developer and the electrical engineer at each stage of the product design. Team members met once a week, wherein 
various usability issues were discussed and implemented throughout the development cycle. 

Software Selection 
As indicated earlier, the animation of the electrical and pneumatic components was the primary task to be 
accomplished in this project. Ma~romedia software products, such as Flash, Director, Authorware, Dreamweaver, 
JAVA, and VB were explored to investigate their appropriateness for the project. Based on previous experience with 
some .of these products, time constraints, and interface design requirements, Macromedia Flash was chosen for the 
interface development. 
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Layout Design · · 
As part of the design requirements, it was important to clearly display (i.e., to a trainee) how a change occurring due 
to any particular switch (i.e., turned off/on) affects the entire system., However, due to space constraints, it was not 
possible to display all changes on the screen. To ov~r.come the space constraint, a condensed section (i.e., map) of 
the graphic section, with twefve major components next to each other, was developed, which the operator could use 

_ as a . reference for any change in the system state. Two layouts were proposed to overcome the space constraint 
problem. In the first proposal, two application windows were provided with one having a condensed section and the 
other with the complete circuitry connections. Establishing communication between both windows would allow the 
user to check the -state of system at any point of time. The problem associated with this type of layout is that the user 
has to remember the previous state of all components. Therefore, to avoid the burden on the user, the proposal was 
altered to have both the condensed version and the schematic (extensive graphic plot) in a single window. The 
schematic section was · compressed and provided along with the map in the same window. The navigation and 

· zooming features were provided in the schematic section for better visibility. 

m . 

· . .. 
• 

I : ! :,t,~~ 
Figure _2. A screenshot of the pneumatics section of the interface. 

Color Coding . . 
The interface consists of a variety of components, with each operating at a different power level. The subway car 
receives power at three different levels, such as 37.5v, 120v, and .600v. To represent the di'fferences between the 
different power lines, three different colors were used (i.e., green, orange, pink). In addition to the electrical lines, 
the components that are connected to the circuit should be colored. To avoid confusion, the component blocks were 
given the same color as their electrical lines. For example, all the components that receive power from a battery 
(37.5v) were highlighted in green color (which is the color code that represents 37.5). Moreover, the pneumatic 
section needed a different color scheme compared to the electrical one. Again, to avoid confusion between the 
electrical and pneumatics sections, the pipes were represented using two lines with a shade in between the lines. 
Additionally, three different air pipes generally exist in the operation of a subway car. To differentiate between the 
pipes, different colors were provided based on the pressure indicator needle. For example, if red pipes are vented, 
the needle with red color will drop down to zero, thereby alerting the user to the type of pipe being vented. To 
represent the signal lines, blue color was used. The color coding was determined after several discussions, 
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particularly as it relates to electrical standard colors for represeriting . voltages and human perceptions of different 
colors according to human factors principles . .. 
Animation 
The major portion of the programming was spent on animating the components. The electrical switches were 
animated as per the standard format, sµch as w,ben the switches are closed the current will pass through, and when it 
is open the receiving line will become black. The logic was programmed as per the instructions from the electrical 
engineer. Apart from the regular switches, there were other components that were animated, such as the door motor, 
bulbs, pipes, pressure indicator, brakes, and valves. For example, the door motors wre animated by providing 
circular motion to the respective image. The motors will run in opposite direction indicating opening and/or closing 
of the doors. Light bulbs were animated by providing continuous change of color from black to red. Air intake and 
venting on the pneumatic pipes were animated dynamically, implying that the user can see the process of air intake 
or venting as it happens. It is not static as it is the case for electrical switches, where there will be an immediate 
change of color once a button is clicked. ·The pressure indicator needle was also animated dynamically. As the pipes 
are vented out or filled with air, there will be a_ corresponding movement in the pressure indicator needle. The user 
will be able to directly observe the movement. Moreover, two kinds of braking were employed in the subway car 
under consideration, such as when a spring and/or air applied, the animation will reflect an elongation or contraction 
of the spring. Due to the complexity involved in the operation of the subway car, there are normally many of 
conditions provided for any given control, where the outcome of changing any switch position will not only depend 
on.its functions, but also on various other conditions upon which it was programmed. For example, opening the ZLR 
switch (i.e., for the door circuit) need .not _necessarily stop the po~~r to the other end as the circuit is connected to 
power from the other side as well. However, when the power is removed from both sidex, opening the ZLR switch 
might stop power to the circuit. 

FEATURES 
Panning, Zooming and Navigation 
The interface application is designed to allow the user to navigate to any desired section easily, and can be viewed at 
any zoom level. Alternatively, the user can pan _across the entire schematic and check various components. Given 
the complexity and space constraints, it was imperative to have the navigational features accessible, clearly visible 
and easy to use, all the time. Based on the outcome of different brainstorming sessions for providing navigational 
features, the team decided to replicate the navigation bar in a manner similar to the one presented in Google Map 
(I 0). The navigation feature was only provided for the schematic section of the application and will have no effect 
on the map section. Also, if the user gets lost at some point, s/he can check on the button in the center of the four 
arrows (see the navigation section in the top-left comer of Figure 2), which will take the system back to the initial 
state (i.e., home position). To aid the end users, the schematic diagram was provided with numbers and letters in X
y coordinates (see Figure I), clearly indicating the section of the subway car. The red arrows and the slider shown 
in the left extreme portion of the two figures presented (Figures I and 2) provide the required navigational features 
to the user. 

Menus and Faults 
As per the requirement, the interface needs to have a section wherein the user can check the nomenclature of various 
electrical switches and pneumatic components. The Menus were provided in the Map section of the application 
window and will always be available. Upon clicking the menu. button, a new window will opeIJ with the full 
nomenclature of all the components in the subway car. To make the search easier, the nomenclature page was 
designed to include the position of each component. This allows the user to check any component within a short 
period of time. Another requirement for the client was the animation of various faults scenario that might occur in 
the normal operation of a subway car. Therefore, a fault menu was provided in the map section. Once the user clicks 
on the faults menu, s/he will see twelve animated faults with their description and corresponding changes that might 
occur in the system. The description includes the position of a faulty switch, probable causes, switch name and the 
effect of the fault. Due to the complexity involved, and considering that the interface is mainly for training purposes, 
the user cannot click on more than one fault at a time. 

Link between Map and Schematic' 
As state earlier, the layout divides the window into a map and a schematic section, which represent the same subway 
car. Hence any changes that occure in the system should be reflected in both sections. Besides, the menus and faults · 
were provided in the map section, which again has to communicate with schematic section. Therefore, a link was 
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established between the two sections, thereby simultaneously reflecting changes in the system state. The link 
established between the two sections is a two-way link, implying that any changes made in the map will reflect in 
schematic and vice· versa. Apart from the functional link· between the two, provisions were made to enable the user 
to navigate to a particular section in the schematic by clicking the corresponding section in the map. For example, by 
clicking the pneumatics block · in the map, the user will be able to navigate to and zoom in the pneumatic section in 
~e sc,hematic. This provision for navigation has greatly enhanced _the usability of the interface. 

TESTING 
It is important to note that the developed application/interface was tested at each and every stage of the development 
and checked for its functionality as in the actual subway car; The testing was done by both the developer and the 
ele_ctrical engineer. During the initial phase, a proof-of-concept study was done to ensure the feasibility of providing 
all the necessary features in the final application. Faults detected at any stage wre reprogrammed immediately before 
moving on to · subsequent sections. The whole system with all controls was properly tested properly before 
forwarding the application to the client. To provide flexibility and not to restrict the application interface to any one 
type of browser, the application was tested on different versions of the commonly used browsers, such as Internet 
Explorer, Netscape, and FireFox. 

CONCLUSIONS AND FINAL REMARKS 
This paper presents the development and usability of an interface representing the functions of subway car 

, components that was animated for training the operators on troubleshooting and maintenance operations. The 
various features necessary to make the application user friendly were provided. The interface layout design, text 
positions, menus, features, such as panning, zooming, and navigation were designed · using an iterative process. To 
avoid any major changes in the application design halfway through the product development cycle, usability 
analysis were employed right from the beginning of the product cycle. It has been observed that the iterative method 
employed for arriving at the· final design of the interface has helped in reducing the product development cycle by 
about one month than what was originally planned. As a part of the usability methods employed in this project, a 
proof-of-concept study was initially conducted at the design stage to confirm the feasibility of the proposed design. 
Though the application was developed and tested at various stages, further usability testing of the final interface 
(using human subjects) is yet to be done, which will be the focus of our future efforts. 
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DUAL REPRESENTATION OF GEOSPATIAL DATA FOR THE 
MO~G MAP COMPOSER AP~LICATION 

Geary Layne, Marvin Roe, Mike Trenchard and Marlin Gendron 
Naval Research Laboratory 

ABSTRACT 
When developing a graphical user interface one consideration is how to store data. The goal is to strike a balance 
between computational efficiency and user friendliness. This paper discusses the effectiveness of using a dual 
representation of data in Geospatial Bitmaps and ESRI shapefiles for the Moving Map Composer application. 

INTRODUCTION 
In 1995, Naval Air Systems Command (NA VAIR) tasked the Naval Research Laboratory (NRL) to provide the AV-
8B and F/A-18 programs with a system to design mission-specific digital chart coverages for their cockpit displays. 
The Moving Map Composer (MMC) was the application created to meet these needs. To address the complexity of 
processing map data for polar zones, NRL create the concept of Geographical Bitmap (GB), which was later 
patented (Gendron et al., 2001). 

In · 2005, a new version of MMC was developed to support the· specific needs of the Finnish Air Force (FiAF). 
Building on lessons learned, the new application makes use of GBs as well as incorporating shapefiles, which is a 
vector format for representing geographical informational created by Environmental Systems Research Institute, Inc. 
(ESRI 1998). The ability to store data in two distinct formats decreases_ the complexity necessary for user 
interaction and increasing the efficiency in performing complex operations and data archiving. 

BACKGROUND 
The term bitmap has come to be used for a wide range of data structures. For the purpose of this paper, bitmap 
refers to a data structure consisting of rows and columns and a specified bit depth. The depth of a bit, the 
intersection of a specific row and column, determines the number of distinct states that can be represented. A depth 
of I results in the ability to represent two states commonly referred as "on/off'' or "set/clear". In general the number 
of distinct states is 2"n, where n is the depth. In the discussion that follows all bitmaps are assumed ·to be of depth 1, 
although the discussed concepts and software are extendabl~ to greater depths. 

The concept of bitmaps was extended such that a bit represents a measurable quantity at some unique location in 
space. This extended concept is a GB that was patented by scientis~ at NRL, Stennis Space Center, MS. Each bit 
in a GB represents a discrete space, where the representation is accurate to within a specified resolution. Therefore, 
when greater or lesser accuracy is needed, the resolution is either increased or decreased respectively. Geospatial 
Bitmaps (GB), Gendron et al. (2005) documents the capabilities, achievable performance, as well as the progression 
of development. 

ESRI shapefile is a simple format that is freely, distributed and thus commonly used to store and transfer geospatial 
data used by geographical informational systems (GIS). Shapes such as points, lines, and polygons are stored in 
shapefiles via their vector coordinates, where an individual shapefile can CQntain one or more shapes of a single 
type. 

A single shapefile is in fact a minimum of three physical files. -One file contains the actual coordinate data, the 
second file is used to index into this data for each individual shape/object, and the third file stores attribute 
information for each object. There is a one-to-one relationship between attributes and objects, which is written in 
dBASE format. Additional information is maintained in supplementary files. · 

MMCPC 
The MMC is a software system d(?veloped by NRL Stennis. MMC was originally created to support the Naval Air 
System Command FI A-18 Hornet A V-8B Harrier Programs. A complete rewrite was preformed in order to meet the 
specific needs of the Finriish Air Force (FiAF) F/A-18 program. Prior versions of MMC ran on Digital Equipment . 
Corporation (DEC) Alpha workstations with the Open VMS operating system. The Finnish program required that 
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the application run on personal computets with Microsoft Windows XP, thus the latest version is aptly named 
MMCPC (Myrick et al., 2006). . 

Similar to the older MMC system, MMCPC is a GUl-:-based application which facilitates many complex procedures 
involved in creating mission specific digital aeronautical chart coverage used by mission planning systems and in
_flight moving map displays. The moving map display hardware ~s being upgraded from the Honeywell digital map 
AN\ASQ-196 to th~ Tactical Aircraft Moving-Map Capability · (T AMMAC) system. The change in map display 
hardware was the primary requirement for the new MMCPC. -

T AMMAC .displays geo-referenced data that adheres to the Raster/Gridded Product Format (RPF), as well as non 
geo-referenced called data frames (TAMMAC, 2001). RPF is a military standard for the interchange of raster and 
gridded data created by National Geospatial-Intelligence Agency (NGA), formally known as the National Imagery 
and Mapping Agency (NIMA, 1995). The standard includes a tiling scheme that segments the Earth into zones of 
rectangular regions called frame files. For each given scale the bounds of the zones as well as the bounds of each 
frame file within that zone are defined. The tiling facilitates · an acceptable rectangular representation of 
geographical data. 

An overview of the MMCPC system is shown in Figure I. Among the valid inputs are preprocessed Compressed 
Arc Digital Raster Graphics (CADRG) and unprocessed raw data. Data that is not "TAMMAC ready", and thus 

- considered unprocessed data, includes geo-referenced map imagery and Digital Terrain Elevation Data (DTED). 

The main window of MMCPC is shown in Figure 2. This window includes standard and application specific menus 
and task bars, in addition to the large GIS that show a world map as the base layer. 

Source Data: NGACADRG and DTED. FiAF 
Geotiff and DTED. and Data Frames 

Cornpile ,nap data foir TAMMAC 
Ma1> or- Mission Load 

Data Pr·ocesslng: 
FIAF CADRG 
FIAF / NGA 

l 
Log d,"lta Into MMCP§I 

Figure I - MMCPC operational components 

There are four primary components to MMCPC. The first in the general order of progression is processing valid 
input into T AMMAC ready format. As an example, a Geotiff with supported tags is converted into CADRG-like 
files. These files are compatible with CADRG reading code within the TAMMAC system. 

The next component is logging MMCPC processed data or T AMMAC ready input fr.om some other producer. 
Logging involves the storage. of metadata that can be use to quickly determine the extents of the data and the 
necessary retrieval information. Defining composition is the center component of the MMCPC system. A 
composition is the fully defined collection of reference information to mission specific data. The final component is 
the production of the output, which is either map loads on Personal Computer · Memory Card International 
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~ssociation (PCMCIA) cards, also known as PC cards, or mission loads that are passed on to an external mission 
planning system. 

. -· 

• FINLAND1 Edition 1 Unlocked - MMCPC v1 .0 rJlQ)~ 
E'9 tdit ~ e,ocess 1.00 ,Ofl1)0Se ~ ~ ljetp 

t~ --~ ~ t _[·-~------~# ._.I ~-- _· _· ~ ~~/_. ; ~~~ ✓- < ~>~-c j~f;-[t~IQ>~ -~ ~~l-' ::_~ __ 

Figure 2 - Main MMCPC window 

DUAL DATA FORMAT 

LAT : -84 2 58.51 
LON: -63 28 15.87 

In the development MMCPC the challenge of how to display current state information and how to allow 
natural user input was addressed. Since the majority of information is geospatial in nature, the logical 
choice of a GIS as the primary interface was made. For spee4 and rendering capabilities, the shapefile 
structure is used to store vector data in a GIS ready format. User input is translated into the shapefile 
structure as a means of internal storage for fast display since a great deal of the input/output (IO) is required 
in MMCPC. However, the internal representation of large amounts of data is accomplished using an 
extension of GBs that comply ~ith the tiling scheme of RPF and likewise RPF bitmaps. 

RPF bitmaps are used for the storage of logged data, composition coverage, and the projected result of · 
processing raw data into frame files. A set bit in a RPF bitmap indicates the existence of data for a specific 
frame file. There is a one-to-one relationship between a bit and the full name of a frame file enabling the 
quick retrieval of map data. · 

Processes were created to draw shapes, primarily polygons, onto an RPF bitmap. All bits that represent an 
area that falls within a polygon are set, thus creating a discrete representation of a two dimensional object. 
The resolution of this discrete representation· is defined by the RPF specification. Conversely, given an 
RPF bitmap with set bits, the vertices that define the extent of a bit or a region of set bits can be extracted. 
This functionality allows for the translation between shapefiles and RPF bitmaps, thus enabling the 
representation of data in_ either or both. This dual representation helps to reduce the effects of the inherent 
shortcoming of shapefiles ~d RPF bitmaps. The following example helps to illustrate the transition 
between formats. 

One method for defining a ROI is by creating a polygon with use of the mouse. Each single click of the 
mouse adds a vertex to a polygon shape, and a double click indicates the addition of the final vertex. This 
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polygon is stored in shapefile format. The necessary memory for this representation is directly linked to 
the complexity of the region defined. 

By defining _a ROI as part of creating a compositjon, the user defines which frame files are of interest. In 
Figure 3, for a given RPF scale, six vertices fully define the Florida region. Thus the transition from 
shapefile to GB would result in an RPF bitmap with four set bits, shown in Figure 4, where each bit 
-represents a frame -file. 

--~-Figure 3 - MMCPC with user-defined ROI 

The scope of a composition can be defined with this RPF bitmap, thus the storage of this information is 
greatly reduced. Also, in the RPF bitmap format, logical operations can be used to determine if there is 
logged data for the specified area. 

Figure 4- Visualization ofbitmap with set bits 

An RPF bitmap can then be translated back into shapefile format to present the actual scope of the resulting 
frame files to the user. One.method would be to display the bounding polygon, or as shown in Figure 5, a 
polygon for each frame file. 

Blls:IIIIIIII _____ _ CC;=~-- '"..fli!i 

.tllt .. -..-eo-w;r--..i .a,,,,a• . •. 
~:~:.-:-uTJ~i111113J;<;➔F;sroo>=~&-~ J~ ,;. ,. r-

~ -
r7 ~ ~ _.I ,d ,__ ~i ~,..::JLDN,-12u.41 

Figure 5 - MMCPC showing extent of frame file coverage 
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There can be a loss of data when translating between the two storage formats as illustrated by the above 
example. It is not possible to obtain the user specified polygon from the RPF format, and such limitations 
must be taken into consideration. Depending on the situation, it might be necessary to maintain both 
formats. This is the case when un-doing or re-doing of previous operations is desired. Advance editing 
tools are an example of where ease of ,use takes precedent over optimal computational and memory 
efficiency. Also, it may be desired to store information in both formats permanently to better facilitate 
editing. Though dual storage increases disk space, it is akin to multi-addressed databases, which is a choice 
made for speed and ease of retrieval. 

CONCLUSION . 
The choice of data storage format is driven by the scope and complexity of the software application. NRL 
has successfully made use of GBs to meet the challenging demands involved with developmental tasks for 

· some time. By building upon the software that implements the full functionality of GBs, RPF bitmaps 
became a powerful tool. The efficient use_ of memory and the performance speed of complex operations 
enable RPF bitmaps to be the cornerstone of the MMCPC system. Despite the positive aspect of GBs and 
their extension to RPF bitmaps, there are limitations when it comes to ease of user interaction. 

Shapefiles complement GBs by facilitating many complex procedures involved in creating mission specific 
digital aeronautical chart coverage used by mission planning ·systems and in-flight moving map displays. 
The simplicity of the shapefiles and the straightforwardness of rendering data are the greatest attributes of 
ESRI's format. 

The drawback of a dual representation of data is: I) the time to transition between formats; 2) the 
limitations caused by loss of data during transitions: and 3) the potential redundant storage of data. While 
there is some complexity in the translation between formats, any negative performance is more than offset 
by the ease and power of the each format individually. In the MMCPC application, the loss of data is 
inherent in the discrete nature of the output format and thus acceptable. Situations where redundancy arose 
were addressed and acceptable compromises were made. 
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USING AUGMENTED REALITY AS A TRAINING TOOL: A PILOT STUDY 

Leon 'Lyons, Paul Nuschke, and Xiaochun Jiang 
North Carolina A&T State University 

ABSTRACT 
Augmented reality uses the virtual objects to aid the user's understanding of his or her environment. Using AR 
technology, an inspector can get help by reading superimposed information during the inspection task. Hence, it has 
the potential to be used as the training tool to help the new inspectors in the inspection tasks. This study investigates 
the effectiveness of using AR technology for this purpose. 

INTRODUCTION 
Visual inspection is a task in which products are examined to detect defects, and dec_isions are rendered as to accept 
or reject these products according to the severity of the defects (Hou, 1992). These two functions, visual search and 
decision-making, are central to inspection and have-been shown to be the primary determinants of inspection 
performance (Sinclair, 1984; Drury, 1992). Because of the role of the inspection process, any improvements in 
inspection performance have the poteµtial to reduce the · number of defective products reaching the consumer. 
Studies in visual search (Parkes et al., 1971; Bloomfield, 1975) have shown that ·both speed and accuracy can be 
improved with controlled practice. Training has consistently shown to be an effective way for improving various 
facets of visual inspection performance (Martineck et al., 196~; Czaja et al., 1981; Micalizzi et al., 1989; 
Gramopadhye, 1992) where the inspection task has a major search component. In order to facilitate training 
inspectors, a computer-based visual inspection simulator was developed to investigate inspection systems in the 
context of the visual inspection of Printed Circuit Board's (PCB's) as shown in Figure !(Jiang, et al. 2003). Using 
this tool, inspectors can be trained to inspect the PCB board. In stead of reading lengthy paper manuals to learn how 
to inspect the PCB boards, the inspectors can use the program to learn. However, during the inspection process, the 
inspectors can only rely upon the paper based manuals for help. Therefore, the advantage of the computer based 
training has not been fully taken. 

Fortunately, there is a new technology that may help solve the problem. This new technology, called augmented 
reality, will further blur the line between what's real and what's computer-generated by enhancing what we see, 
hear, feel and smell. Augmented reality will truly change the way we view the world. Picture you walking or 
driving down the street. With augmented-reality displays, which will eventually look much like a normal pair of 
glasses, informative graphics will appear in your field of view and audio will coincide with whatever you see. These 
enhancements will be refreshed continually to reflect the movements of your head. Figure 3 is an example of 
Augmented Reality. · 

Augmented Reality (AR) is a .variation of Virtual Environments (VE), or Virtual Reality as it is more commonly 
called. VE technologies completely immerse a user inside a synthetic environment (Azuma, et. al., 1997; Spitzer, et 
al., 1997). While immersed, the user cannot see the real world around him. In contrast, AR allows the user to see the 
real world, with virtual objects superimposed upon or composited with the real world. This type of environment can 
be used in many different situations. Doctors could use Augmented Reality as a visualization and training aid for 
surgery. It may be possible to collect 3-D datasets of a patient in real time, using non-invasive sensors_ like Magnetic 
Resonance Imaging (MRI), Computed Tomography scans (CT), or ultrasound.imaging. AR might also be helpful 
for general medical visualization tasks in the surgical room. Surgeons can detect some features with the naked eye 
that they cannot see in MRI or CT scans, and vice-versa. AR would give surgeons access to both types of data 
simultaneously. One example of AR that most people know is the.yellow first-down line seen in television 
broadcasts of American football games. The real-world elements are the football field and players, and the virtual 
element is the yellow line, which is drawn over the image by computers in real time. Some other examples of AR 
applications include·: 

• Interactive three-dimensional maps that could be collaboratively modified and analyzed ( e.g., for 
prospecting) · · 

• Television broadcasts in which captions point out which cars in an auto race are where 
• Visualization ofhidden features (e.g., a doctor could "see" the fetus inside the mother's womb) 
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• Assisting difficult tasks ( e.g., the system could "label" the parts of a system in order to facilitate the 
mechanic's work) 

. • Teleconferencing with both real and virtual participants 
• Entertainment (allowing computer-generated imagery to interact with live entertainers) 
• Games (e.g., quake) · · 

Figure I A computer based PCB Inspection S~ulator 
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Figure 2 Training Component of the Simulator 
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Figure 3 An example of Augmented Reality 

Another category of Augmented Reality ~pplications is the assembly, maintenance, and repair of complex 
machinery. Instructions might be easier to understand if they were available, not as manuals with text and pictures, 
but rather as 3-D drawings superimposed upon the actual equipment, showing step-by-step the tasks that need to be 
done and how to do them. These superimposed 3-D drawings can be animated, making the directions even more 
explicit. 

Given the advantage of the AR technology·, this pilot study intends to investigate the effect of using AR technology 
as a training tool in a visual inspection system. 

METHOD 
Subjects 
Four participants, all graduate students from the department of Industrial and Systems Engineering at North Carolina 
A&T State University, were recruited. 

Stimulus Materials 
The task was a simulated visual inspection of a printed circuit board. The task consisted of inspecting simulated 
PCB images developed using Adobe PhotoShop 5.5 for six categories of defects - missing components, wrong 
components, inverted components and misaligned components, trace ·defects and board defects. Four categories of 
defects could occur on any of these four individual components: resistors, capacitors, transistors and integrated 
circuit. The program was written in Microsoft Visual Basic (6.0) and the database was constructed and maintained 
using Microsoft Access 97. The simulator is flexible enough to accommodate the use of various types of images. 
The contrast levels ·ofthe images can be changed to mimic various real life situations. Because the quality of images 
will directly influence the inspector's performance, special attention was devoted generating high computer images. 
The images chosen in this study were based on , a previous study in the PCB inspection area (Hou, et. al. 1993) and 
were designed using Adobe PhotoShop 5.5. 

Equipments 
The visual inspection system program runs on a Pentium IV computer and uses a 17" high-resolution monitor. The 
input devices are a keyboard and a mouse. The AR equipment used· in this experiment was a SV-6 PC Viewer, with 
lightweight optics and packaging and mounted to safety or ·conventional eyewear using a quick mount and dismount 
system. The SV-6 may also be used for left or right eye viewing and has a built-in focus mechanism. The pixel 
format is 640 columns by 480 rows. The SV-6 is compatible with most computers and instruments that provide a 
VGA signal at 60 Hz. 
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Figure 4 SV-6 AR gear 

Experimental Design 
A 2x2 factorial design was used in this study. Two independent variables are training method (AR vs. paper manual) 
and task difficulty (difficult vs easy). Dependant variables include speed and accuracy measures. Each of the four 
experimental conditions_ was randomly assigned to the participants. 

Procedure 
Each subject was briefed the purpose of the experiment and required to complete a consent form and a demographic 
questionnaire. Following this step, instructions were read to the subjects to ensure their understanding of the 
experiment. Next, all the subjects were trained. Upon completion of the training, the subjects were read the 
experimental protocol and were given 20 PCB boards to inspect based on one of four experimental combinations. 
During the experiment, subjects were given paper manual to help their inspection for two experimental conditions 
and were provided with AR enabled training materials for the other two. Using the AR technology, the subjects were 
able to view the training materials through his or her goggle. Figure 5 indicating the screen the subjects would view. 
The left-hand side is what all subjects would see while the right-hand side is only when subject wore AR goggle and 
would see using the see-through goggle. Figure 6 show a subject was doing the experiment wearing the AR goggle. 
On completion ofthe study, each subject was debriefed and thanked for his/her participation. 

Figure 5. Screenshot a subject might view. 

Data Collection 
Data was collected on measures of speed (search time, stopping time and inspection time) and accuracy (hit rate 

and false alarm rate). · 
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Figure 6 A subject was doing the experiment 

RESULTS AND DISCUSSION 
Analysis of Variance (ANOV A) was conducted on hit rate and false alarm rate, for the accuracy measure and mean 
search time, mean stopping time and mean inspection time for the speed measure. 

No significant interaction effect between training method and task difficulty was found. However, significant 
training effect was found for hit rate (F (1, 13) = 12.45, p < 0.05), false alarm rate (F (1, 13) =9.07, p < 0.05), mean 
search time (F (1, 13) =17.95, p < 0.05), and mean inspection time (F (1, 13) =5.35, p<0.05), indicating inspectors 
using AR technology performed better than those who did not. Significant task difficulty effect was also found for 
hit rate (F (1, 13) = 6.02, p < 0.05), false alarm rate (F (1, 13) =7.03, p < 0.05), mean search time (F (1, 13) =10.25, 
p < 0.001), and mean inspection time (F (1, 13) =6.34, p<0.'05), indicating inspectors performed better in easy task 
than more difficulty one. · 

The objective of this study was to investigate the effect of training in an inspection environment. Results showed a 
significant training effect on accuracy measures of hit rate and false alarm rate, and speed measures of mean search 
time and mean inspection time, indicating AR technology can be used as a training tool to improve inspection 
performance. 

However, it is important to point put that one ofthe possible problems of this study is the small sample size. Since 
this is a pilot study, and our interest is simply to find out whether AR, as a new technology, would help training 
inspectors in an inspection system, we did not attempt to recruit more subjects to participate in the experiment. 
However, for any future study, a larger sample size is definitely a necessity. It is also important to point out that a 
better AR training· program needs to be developed to take advantage of the unique features of AR technology in the 
inspection environment. 

CONCLUSION 
In summary, this study revealed that AR technology can be used as a training tool in an inspection environment. 
Findings from this pilot study can be used to better design AR training programs in an inspection system. 
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MANAGING COMPLEXITY IN ADAPTIVE, SELF-LEARNING HUMAN-COMPUTER INTERFACE 
DESIGN USING ABSTRACTION HIERARCHY AND LIVING SYSTEMS THEORY. 

Emmanuel Letsu-Dake and C.A. Ntuen 
North Carolina A&T State University 

ABSTRACT 
The design of adaptive, self-learning human-computer interfaces for complex and time-critical systems requires 
theories, techniques and frameworks that can provide for both structured and behavioral representations · of the 
system functionalities. The abstraction hierarchy proposed by Rasmussen (1986) and the Living Systems Theory 
{LST) proposed by Miller (1979) are two identified robust frameworks that can support the design of such HCI 
systems. It is argued that the LST will m~e the abstraction hierarchy more rugged to quantify the information 
abstraction needed at different stages of HCI design. More importantly, the LST formalism allows the designer to 
include the possibility of self-learning mechanisms in the design rationale, thereby allowing the HCI system to cope 
with information changes brought about by the dynamics of the system complexity. 

INTRODUCTION 
Advances in computing and communication technology have given rise to large, complex, and critically engineered 
systems in which humans interact on a regular basis. Examples of such systems ·include, but are not limited to, air 
traffic control, nuclear reactors, military operations and power systems. These systems require human-computer 
interfaces that are reliable, resilient and intelligent. The complexity of these systems arise from among ·others, the 
exhaustive data presented to operators, the critical decisions required under time-stressed situations and familiar or 
unfamiliar events which are either anticipated or unanticipated by designers: The complexity can arise from a 
multitude of the system components, embedded subsystems or design structure itself, interrelated processes, and the 
behavioral dynamics that are continuously evolving over time and space, with pervasive interactions between 
components. These present challenges for human-computer interaction designer. 

Since most complex systems are dynamic rather than static, the design of interfaces for such systems must allow 
operators to observe and interpret changes in the system. Furthermore, to alleviate the cognitive requirements for 
operators of complex systems, human-computer interfaces for these systems must complement the operator's 
information processing system by allowing the operators to develop or maintain a mental model of the system that 
enhances fault detection and allows for analysis, synthesis• and implementation of real-time diagnosis of system 
faults. 

This requirement necessitates an adaptive human-computer interaction (HCI) system that has the capability to alter 
certain aspects of its information structure or functionality to cope with the complex changing environmental inputs 
and differing cognitive needs of the operator over time. For this to happen, the HCI system must have self-learning 
capabilities in order to modify its behaviors in response to the dynamic characteristics of the systems. Designing 
interfaces that support such learning' and adaptive behavior is a major challenge since it requires the management of 
complex information elements within the HCI s,ystem. 

The development of interfaces for complex systems requires .frameworks that can address aQd define the 
functionalities of the system components and processes in relations to the system goal. One of the several existing 
frameworks that can effectively address these requirements is the· LST. To apply this framework, it must be assumed 
that human-computer interfaces are similar to biological syst~ms with characteristics of self-learning, self
organizing and adaptive behaviors. These properties allow adaptive system to adjust to internal and external effects 
through what Ashby (1953) called homeostasis. Similar to temperature exchange at different internal layers of the 
human blood flow, information exchange in a HCI takes place through assumed functionalities · defined by 
abstraction levels-e.g., higher level supervisor needs different levels of information than the lowest unit program 
executor which serves as a salve processor. Information exchange and adaptation process between these layers of 
abstraction are somewhat modulated by the strength of interaction and communication frequency. between the layers. 
The living systems theory (LST) is a: general theory of how all living systems work, how they maintain themselves 
and how they develop and change (Parent, 2000). By designing HCI within this paradigm, we provide a framework 
that allows HCI to acquire the salient characteristics of living systems such as the abilities to adapt and evolve along 

. with the capability of being self-organized. In this paper we introduce the livin·g systems theory (LST) as a paradigm 
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for developing a framework that addresses. the adaptation and self-learning needs of interfaces for complex systems. 
The application of LST to HCI design is deemed theoretically adequate since the information components and 
relationships in HCI systems mimic most living system characteijstics reminiscent of human activities and 
characteristics. 

SELF-LEARNING AND ADAPTATION . 
Learning . 
Learning can be defined as a relatively permanent change in behavior due to past experiences (Coon, 1983). Hill 
(1963) groups learning theories into two broad groups: connectionist and cognitive theories. Connectionist theories 
explain learning as connections between stimuli and respons~s. A response is assumed as an ~~m of behavior and a 
stimulus as ·an input that tends to affect behavior. Cognitive theories are concerned with the cognitions (perceptions, 
attitudes and beliefs) of individuals with regard to their environment and the ways in which these cognitions affect 
behavior. This · dichotomy notwithstanding, four essential prindples of learning can be inferred from learning 
theories. These principles and their design implications for self-learning HCI systems are discussed below. 
Principle:. Learning is inferred from a change in behavior or performance. 
Design · Implications - A system that exhibits traits of learning must necessarily depict a desired change in 
performance. For self-learning HCI systems, this implies that an observed measure of performance, such as error 
rate, accuracy, time, and other usability metric, must show improvement. For critical systems such as a power 
systein, how the system· performs in the face of unfamiliar situations based on experiences of the past also indicates 
the capability of iearning. 

, Principle: Learning is a function of changes of information content in the memory. 
Design Implications - Memory is an essential feature of any learning system since the knowledge base built from 
past experiences must be stored for future use. While memory is structurally fixed, information stored in the 
memory _can be restructured due to internal representation triggered by random environmental events. This change is 
occasioned by learning new .procedures, operations, and so on. An implication of this principle for HCI systems is 
that, if designed correctly, such as those used in organizational memory information system designs, HCI can simply 
make references and use case-based reasoning to adapt to new and novel input information. Without this component, 
adaptive systems will be unable to store past experiences for future use due to information load and possible lost. 
Principle: Learning is the result of experience. 
Design Implications - This principle simply states that the experience gained from interaction history should result 
in learning. For example, in the context of usability studies, we prefer positive learning. This experience could be in 
the form of knowledge, familiarity with situations, or better understanding of scenarios. It implies that self-learning 
systems not only constantly monitor and store inputs (stimuli) and procedural decisions (actions) buts also the 
results (effects) of these decisions with respect to system goals. This facilitates comparison in the future scenarios in 
which systems can actuate previous procedures to enable tacit inferences to active goal to be performed. 
Principle: Leaming is relatively permanent. 
Design Implications - Although the interaction experiences with HCI systems may be transient, the results of 
learning process during interaction of self-learning HCI systems may be conceived to be permanent. Permanence 
ensures that the system, by learning from its experiences, tends to gravitate towards perfection, assuming that the 
context is relevantly the same from one design change to another. For example, in the airplane domain, the pilot's 
interaction with the cockpit a~tomation is relatively permanent even though automation itself changes in the 
continuum of technology history and the piloting tasks are contextually fixed. Permanency in learning provides a 

. rationale for self-organized behavior. · 

Adaptation , 
Adaptive systems are systems which can alter aspects of their behaviors, functionality or interface in ·order to 
accommodate the differing needs of individuals or groups of users and the changing needs of users over time 
(Benyon, 1987). The basic principles of an adaptive system and their corresponding implications for adaptive HCI 
systems are outlined as follows: 
Principle: A system that seeks to self-organize needs adaptation. 
Design Implications: For an adaptive HCI system, the goal(s) of adaptation must be clearly defined or stated so as to 
provide direction and evaluation for the adaptation process. The goal of the adaptation process is ideally coupled to 
the overall goals of the system. Stephanidis et al. (1987) lists examples or'system goals including easy, efficient and 
effective use, minimization of errors and reduction of computational resources. As an example of a major goal of an 
application domain, Stephanidis et al. (1987), refers to the case of an ~ir-traffic control system having the overall 
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goal of being error free. In the case of operators monitoring a complex real-time process as in Viano (2000), the goal 
is a flexible presentation modality so as to reduce operator performance and response to different situations. 

· Principle: Every adaptation has some vo)untary and involuntary adaptation mechanisms. 
Design Implications: An adaptive HCI system should be able to detect and identify changes in its environment. This 
requires some adaptation determinants triggered by voluntary or involuntary mechanisms, either from the brain 
activities, or mediated from outside as. involunµuy inputs. An adaptation can be triggered by new information cues, 
task structures, or changes in the system requirements (Stephanidis et al., 1987). An adaptation trigger could also be 
a set of events such as in the case of process deviation when a control process moves from normal status to a 
disturbed state or operator deviation when an operator does not react according to expected procedure (Viano, 
2000). 
Principle: When designing, consider multi-trajectories of information input that may need adaptation. 
Design Implications: This describes the characteristics of the system that are subject to alteration by adaptation. 
Stephanidis (1987) refers to these characteristics as the adaptation constituents, made up of either semantic (i.e. 
content information), syntactic (i.e. sequencing of the interaction) or lexical aspects (i.e. interface objects, 
interaction techniques, media and modalities). For HCI systems to be adaptive, these features must be amenable to 
change both at design time and more importantly at run .. time. 
Principle: Identify rules of adaptation inclusive of the adaptation mechanism. 
Design Implications: The adaptation mechanism may include strategies, rules and decision making properties that 
address different levels of the system at the physical, logical, and task levels. For adaptive HCI systems, this implies 
imbedding of decision strategies into the design architecture. This ·can be descriptive or prescriptive. And, it can be 
programmed to recognize the· user's behavioral patterns under different information cues. There is interest in this 
subject matter through the applications of optimization and classification algorithms such as neural networks, 
genetic algorithms and fuzzy logic during HCI conceptualization both design and evaluation phases. 

Human-Machine Cooperation 
Heylighen (1990) presents two views about the relation between cognition and autonomy (adaptation). The first one, 
"artificial" paradigm, has the peculiarity that its behavior is almost completely determined by the complexity of the 
environment that causes the adaptation need. This paradigm can be modeled by a linear (sequential) scheme shown 
in Figure 1. 

Input .. , Processing .. , Output 

Environment System Environment 

Figure 1. Information processing paradigm 

The input to the system corresponds to the initial data available to solve the problem. The output is the solution 
produced by the system. The "artificial" paradigm views intelligence and adaptation as information processing, 
problem solving processes (Heylighen, 1990). 'fhe second view of adaptive systems is the "autopoietic" paradigm 
that has the primary goal of maintaining invariant behaviors of the system. The behavior is determined by its internal 
organization, and not by its input. Figure 2 shows a model of this p~digm. 

HCI 
Processor 

Self 

· Figure 2. Autopoietic paradigm 
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Systems whi~h function according to the .input-processing-output scheme produce output that is different from 
themselves and are therefore not autonomous. Autopoietic systems are however self-organizing. 

For ·complex syste~s, an integrative approach that incoq>0rates both views into one paradigm is shown in Figure 3. 
Such a system provides an appropriate .level of automation in HCI. -This is required because while excessive 
automation due to adaptation may affect human abilities, insufficient automation may not meet the operator's 

cognitive needs'. 

Input 

Weak external 
interactions 

HCI 
Processor 

Strong internal interactions 

Figure 3. Integrated paradigm 

Output -

Weak external 
interactions 

The application of LST to HCI implements such an integrative approach. This is because, a design based on the 
structure, relationships and processes of living systems allows for autopoietic behaviors to be enacted and controlled 
through the human ( or artificial) operator control. 

ABSTRACTION HIERARCHY 
The abstraction hierarchy (Rasmussen, 1986) is a framework that can be used to describe a system on various levels 
of information abstraction. It is also a work domain analysis tool that provides a structured representation of a 
physical system and aids in understanding the complex human-computer interface design. It captures two 
abstractions simultaneously: means-end abstraction and part-whole abstraction. The means-end abstraction 
describes from bottom-up with the means for the next higher level; and top-down, with the ends to be accomplished 
by the means at the next lower level. The part-whole abstraction decomposes or aggregates information at each 
level. The abstraction hierarchy (AH), has been successfully applied in industry and in academic research. Some 
applications of AH in various domains are listed in Table 1. 

r fth Table 1. Sample app 1cat1ons o e Abstraction Hierarchy 
Author Domain 

Chalmers, Easter, Porter (2000) Command and control 
Chin, Sanderson and Watson (1999) Command and control 
Naikar, Lintern and Sanderson (2002) Command and control 
Bisantzand Vicente (1994) Thermal Hydraulic process 
Ham and Yoon (2001) Nuclear power plant 
Vicente and Rasmussen (1992) Thermal Hydraulic process , , 

Cummings and Guerlain (2004) Command and control 

The AH can be used as a design tool to facilitate the development of interfaces that provide maps both literally and 
figuratively to allow an operator to execute tasks seamlessly because such an interface will allow fluid movement 
between the levels of abstraction (Cummings and Guerlain, 2004). The strengths of AH notwithstanding, it has 
significant drawbacks. Effectively addressing these drawbacks will lead to a more efficient framework for domain 
analysis and interface design. · 

Lind (2003) argues through examples in the power plant domain that, the AH suffers from both methodological arid 
conceptual problems. The following problems are specifically identified. 
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Methodological problems: 
1: Knowledge acquisition problems: This relates to the lack of procedure or guidelines that can help in the 
·acquisition of the background knowledgb required for modeling a task. 
2. Model building and validation problems: This problem as argued relates to the lack of a process for model 
building or for revision, modification and validation of a model based on the AH. 
3. Monolitical nature of AH: It is no~ clear hpw to combine multiple instances of AH or how to break down a 
complex system in such units. 
Conceptual Problems: 
1. The levels of means and ends : this relates to the obscure meanings of levels , making it difficult to handle 
distinctions which are essential to describe the structural, behavioral and functional organization of processes. · 
2. The concept of function : this relates to AH confusing functions ascribed to entities by convention and functions 
that are grounded in the dispositional property of the entity in question. 
Other conceptual issues raised in relation to AR in Lind (2003) relate to the means-end relations, concepts of whole 
and.parts and the coupling of the means-end and whole-part levels. 
In summary, the issues raised in Lind (2003) relate to: semantics, procedure, level and relations. Also, AH as a 
design tool does not incorporate adaptive and self-learning behavior in interface design for complex systems. There 
is therefore the need for enhancement to meet the peculiar requirements for developing interfaces for complex 
systems. 

LIVING SYSTEMS THEORY 
Miller (1978) put forward the living systems theory, the result Qf a detailed analysis of approximately 4000 
publications covering different kinds of living systems. The focal thrust of these results is a model that encompasses 
all living systems, from cells to supranational organizations. The LST is an integrated conceptual approach to the 
study of biological and social living systems, the technologies associated with them, and the ecological systems of 
which they are all parts (Miller, 1991 ). The LST process is a conceptual framework for identifying and defining 
essential components (levels) and processes (subsystem.s) of systems both living and non-living and the relations 
between them. This, of course, is products of abstraction hierarchy. It looks at systems from the standpoint of their 
structures, their processes, their subsystem processes, the relations between subsystems, and their system wide 
processes (Merker, 1985). 

A relevant goal of LST identified by Wegmann (2003) is the unification of the scientific and often discipline
specific approaches used to study and model living systems by applying the same general theory recursively at all 
levels of living systems. However, at each level, LST integrates theories from various disciplines that are specific to 
that level. This results in an original combination of generality and detail. 

Concepts 
Because LST is a general theory, its concepts are metaphoric, only meant to be translated to the particular living 
system under study (Parent, 2000). A system is defined as a set of interacting units with relationships among them. 
The word 'set' implies that the units have some common properties. These common properties are essential if the 
units are to interact or have relationships (Miller, 1995). Using the concept of level, LST organizes the universe into 
eight (8) hierarchical levels or abstractions, each with a characteristic structure and process. A more advanced· or 
"higher'' level is made of systems of the lower levels, i.e., the components of a system on one level form subsystems 
of the system one level above them. The eight levels of living systeµis are: 
Cells: The basic building block of life. 
Organs: The principle components are cells, organized in simple~ multi-cellular systems. 
Organisms: This level includes multi-cellular plant and animal life _forms. The components of organisms are organs. 
Groups: These contain two or more organisms interacting as systems and their relationships. 
Organizations: These involve one of more groups with their own control systems for doing work. 
Communities: They include individual persons and groups. 
Societies: These are loose associations of communities, with systematic relationships between and among them. 
Supranational systems: These systems are composed of two or more societies which undertak~ cooperative decision 

. making. They have a supra-ordinate system of influence and control. 
Each level of the hierarchy perfomis ·certain critical processes in order to remain alive and continue beyond a single 
generation. These processes are known as subsystems. LST identifies and defines twenty (20) critical subsystems. 
Two subsystems process matter-energy and information, eight process matter-energy and ten process information. 
The 20 essential subsystems and their definitions are shown in Table 2. · 
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In addition to the definitions of levels and subsystems, LST defines about 173 hypotheses or principles guiding 
living systems. These hypotheses relate to the structure and processes of subsystems, their performance variables, 
equilibratory range~, variances, rates of transmission, lags, errors rates,. omission rates, cpsts and efficiencies. 

T bl 2 D fin". a e e 1t10no f LST b su ·systems 
Subsystems which process both matter-enen!V and information 

I . Reproducer: . Gives rise to other systems similar to the one it is in. 
The subsystem at the perimeter of a system. that holds togeth_er the components which 

make up the system, protects them from the environment and excludes or permits entry 
2. Boundary: to various sorts of matter-energy and information. 

Subsystems which process matter-enerev 
3. lngestor: Brings in matter-energy across the system boundary from the environment. 

Carries inputs from outside the system or outputs from its subsystems around the 
4. Distributor: system to each component. 

Changes certain inputs to the system into · forms more useful for the special processes of 
5. Converter: that particular system. 

Forms stable associations that endure for significant periods among matter-energy 
inputs to the system or outputs from its converter, the materials synthesized being for 
growth, damage repair, or replacement of components of the system or for providing 
energy for moving or constituting the system's outputs of products or information 

6. Producer: markers to its supra-system. 
Retains in the system, for different periods of time, deposits of various sorts of matter-

7. Matter-energy storage: energy. 
8. Extruder: Transmits matter-energy out of the system in the forms of products or wastes. 

Moves the system or parts of it in relation to part or all of its environment or moves 
9. Motor: components of its environment in relation to each other. 

Maintains the proper spatial relationships among components of the system so they can 
10. Supporter: interact without weicl}ing each other down or crowding each other. 

Subsvstems which process information 
Brings markers bearing information into the system, changing them to other matter-

11. Input transducer: energy forms suitable for transmission within it. 
Receives from subsystems or components within the system, markers or information 

about significant alterations in those subsystems or components, changing them to 
12. Internal transducer: another matter-energy form of a sort which can be transmitted within it. 

. The subsystem composed of a single route in physical space, or multiple interconnected 
13. Channel and net: .routes, by which markers bearing information are transmitted to all parts of the system. 

Alters the code_ of information input to it through the input transducer or internal 
14. Decoder: transducer into a "private" code that can be used internally by the system. 

Carries out the first stage of the teaming process, forming enduring associations among 
15. Associator: items uf information in the system. 

Carries out the second stage of the teaming proces~, storing various sorts of information 
16. Memory: in the system for different periods of time. 

The executive subsystem which receives information inputs from an · other subsystems 
17. Decider: and transmits to them information outputs that control the entire system. 

The subsystem which alters the code of information input to it from another information 
18. Encoder: processing subsystem from a "private" code used internally by the system 

The subsystem which puts out markers bearing information from the system, changing 
markers within the system into other matter-energy forms which can be transmitted over 

19. Output transducer: channels in the system's environment. 
Monitors and transmits time-related information about the external environment or the 
system's internal states so that the decider can alter the phases or rates of the system's 

20. Timer: internal processes . . 
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LST-HCI Concepts 
The basic observation that infonns LST is that systems ( e.g. cells, humans, organizations, and societies) can 
maintain regularity despite irregularity in'the systems' environments by comparing current or anticipated states with 
internally represented desired states and converting any difference into actions that will keep the difference small 
(Vancouver, 1996). The following is a brief discussion of how LST approaches some concepts relevant to HCI 
design. , 
(1) Perception: Miller (1978, 1997) states that, "A system gives priority to information which will relieve a strain 
(i.e., which it 'needs'), neglecting neutral information. It positively rejects information 'which will increase a strain." 
Perception in LST is implemented by the decoder subsystem, with links to the input and internal transducers, 
memory, and the decider through the channel and net. Input signals received from the input transducer is decoded 
and compared with codes stored in memory using the associator. When a match is found, a signal is "recognized" or 
perceived. The information is transduced through the system via the internal transducer and the channel and net. 
Miller (1978) discussed perception at the lev~] of the organism but its application can be extended to all levels. For 
HCI design, perception at the organism level is analogous to perception by the human (operator) or computer. The 
input transducers for the operator are human s~nsory features (sight, sound, touch) and for the computer, input 
hardware such as keyboard, input sensors or software inputs. 
(2) Learning: In LST, perception is an antecedent to learning. · After an input signal is perceived, its associations 
with actions formulated by the decider a.nd resultant effects· are stored in memory. When similar input signals are 
received through the input transducer in the future, they are compared with stored associations. If there is a match in 
patterns, the associated code is evoked to implement the prior procedure. This is done within the context that, the 
system also continually compares the effects of actions with results with the goal of improving system performance 
and maintaining stability. Learning is thus," a two-stage process involving the associator and memory subsystems. 
The associator forms enduring links or associations among items of information. These associations are then read 
into memory along with the original items of information (Miller, 1978). 
(3) Decision Making: LST implements decision making using the decider subsystem. This is directed by the goal
centered behavior of the system so that decisions are made based on the pattern matches produced by the associator
memory tandem and their prior effects. The actions formulated by the . decider are thus driven by the positive or 
negative reinforcers resulting from previous decisions. Once the decider formulates a course of action, it is 
implemented by the encoder and output transducer. 
(4) Memory: This subsystem stores associations between inputs signals, decisions and effects. It serves as a 
knowledge base for the system and without it, the system will be unable to build experiences and l~arn from them. 
Memory capacity also enables the system to engage in planning (Miller, 1978). Powers (1973) alludes to the fact 
that the ability to remember past actions and perceptions provides the system with the ability to ''think through" 
possible actions and resulting consequences. In extending this further, Vancouver (1996) argues that this ability 
allows the system to deal with current and anticipated disturbances within the environment. The memory's role is to 
store the associations between input (perceptual) signals and the output function signals of past interactions as well 
as their effects. 

LST-HCI Framework: 
Designing the HCI from the standpcrint of the LST paradigm offers a unique and robust approach for managing the 
complexity caused by structural, functional, and behavioral factors. A fundamental goal of all living systems is the 
fitness, survival or propagation of life. Also, , all species exhibit normal behaviors, which are defined as the 
maintenance of a set of variable input-output relationships within steady state ranges characteristic of the species. 
Just as living systems use pathologies such as re-organization to adapt, HCI systems should be designed with similar 
characteristics. In -living systems, adaptation and self-learning ts mainly carried out by adjustment processes of 
subsystems which eliminate or alleviate stress. In HCI, this can b~ achieved by designing software system that is 
biologically inspired-- software agents that are capable of s~lf-organization while interacting with environment. 

Application of LST 
Table 3 shows the result of LST applied to a power systems domain respectively. Results from such the analysis can 
then be used to develop a schematic showing the relations between subsystems. 

- Figure 4 shows a generic representation of HCI in the LST paradigm. In managing the design of interfaces for 
complex systems, capturing the system in the form depicted in figure 4 immensely aids in mapping the system to 
interface widgets as well as informing the incorporation of adaptation and self-learning. This is achieved through 
hardware (sensors) or software (agents) which are biologically inspired and applying the principles suggested in the 
earlier part of this paper. · · 
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Table 3. Application ofLST-HCI Mo el to power systems m ormat1on management d . fi 

Group Level: Human - Computer Interaction (Power Svstems Information Mana2ement) 

LST-HCI Model. Organism Level: System-Computer, Organism Level: Operator- involved with power 
(Subsystem) machines ·and software involved with systems management 

power systems information 
Perceptors, Antennae, Sensors, . Supervisors, job descriptions/requirements, alarm 

Io.put Keyboards, Microphones, Touch systems, e-mails, System status reports, human 
Transd ucer(IT) Pads/Screens, Telephones, Fax machines perception and cognition 

and other communication equipment 

Modems, Analog-Digital Converters, 
Combinations of input transducer and decoder, 

Internal Intelligent sensors, agents and embedded 
encoder and output transducer of the human system 

Transducer(NT) electronics 
that act in tandem to perform this function for the 
group 

Channel and System Buses, Computer Networks, Command structure and communication procedure 
net(CH). fiber-optic cables in control rooms, human central nervous system. 

Timer(TR) CPU Clock Schedules for instrument readings and monitoring 

Decoder(DC) Operating Systems, Input/Output Cards Power Systems Software 
Data Mining Models, Leaming 

Associator(AS) Automata, analysis software, expert Instructional Manuals, User training 
systems and databases 

Memory(ME) RAM,ROM, Hard Disks 
Monitoring System records, local database and 
backups 

Decider(DE) 
CPU and other processors, Servers, 

Supervisors; control room analysts, human CNS 
Control Systems 

Power Systems Data Visualization methods and 

Encoder(EN) 
Operating Systems, Input/Output Cards, Software, Interface Display Software, Control 
operating system device drivers Menus; Print and Display Formats, Reporting 

templates and formats 

Output 
Printers, Monitors, Display Screens Reports, logs and performance records, human 

Transducer(OT) 
Speakers, Plotters ,software perceptual-motor features ( eyes, voice, hands, 
agents( effectors) fingers) 

OPERATOR SYSTEM 

Decider Associator/ Conceptual 
Decider Associator/ 

+-- Memory Level 
Memory .__ 
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CONCLUSION. 
Designing adaptive HCI systems have been problematic for years and will continue to be so since solving the 

·problem of adaptation constraints means dealing with complexity issues-both in design and analysis. The good 
news is that there are existing theories, paradigms, and frameworks from cognitive systems engineering, 
psychology, .computer science, and social sciences that can be adapted to address the prevalent drawbacks. This 
paper attempts to address these issues ~y using Miller's LST framework and Rasmussen's abstraction hierarchy. 
These two frameworks are because of their relatedness in conceptualization from hierarchy design perspectives and 
the fact that both address information processing in system in a more comprehensive manner. Also, both 
frameworks have been applied to many system designs and analyses, and hence have proven face validity. It is 
argued that the Living System Theory will make the abstraction hierarchy more rugged to quantify the information 
abstraction needed at different stages ofHCI design. The LST offers the capability for introducing adaptation and 

. self-learning into the design of interfaces. With this, it will be possible to capture the user dynamics as well as the 
system (task-related) behaviors and functiorndities. Both the AH and LST have a distinctive features of modeling 
information processing in terms of biological and physical mechanisms of matter-energy processing thereby 
allowing designers to develop specific control strategies for different levels of information abstraction. While each 
framework has its drawbacks, it is surmised that a combination of both frameworks will minimize individual 
drawbacks in their applications to HCI design. Thus, the seamless application ofboth frameworks will lead to 
interfaces that support self-learning and adaptation. 
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USING EYE TRACKING DATA TO EVALUATE WEB USABILITY 

Paul Nuschke, Leon Lyons, Xiaochun Jiang 
North Carolina Agricultural and Technical State University 

ABSTRACT 

Usability of a website plays a significant role in its design. Traditionally, performance-based usability metrics and 
results from subjective questionnaires have been used to help designers. Using eye movement data, researchers can 
add more quantitative measures to their toolbox. Since users often retrieve information from websites, it is also 
important for web designers to understand which areas users commonly look at. This paper surveys current literature 
in order to summarize current eye tracking methods as they are applied to the evaluation of web usability. 

INTRODUCTION 

With the growing use of the internet as a means of co~unication, the field of web usability has exploded in recent 
years. Researchers are constantly seeking new and better means for understanding why certain websites are 
successful and why others fail. One such means, the study of eye movements, has actually been around for over a 
hundred years, though in a form barely recognizable to today's non-_invasive technologies. See [I] for a detailed 
history of eye movement research. 

One important, early contribution of eye movement research was the theory that attention and cognitive processing 
are closely coupled to eye movements (saccades) and fixations [2]. The definition of fixation is often slightly 
different for each study, but in general it can be described as a "re~atively motionless gaze that lasts 200-300ms, in 
which visual attention is aimed at a specific area of the visual display." [3] Early researchers theorized that the 
duration and frequency of fixations on a source of information reflected the person's cognitive load and interest in 
the information, respectively. 

In the past two decades, eye movements have been used in increasingly more applications. In a summary paper, 
Duchowski detailed the applications of eye movement research in a variety of fields, from neuroscience to computer 
science to human factors and psychology [4]. In the human factors and computer science field of human computer 
interaction, researchers are applying eye movement research to the design and redesign of computer and we.b 
interfaces. 

WHY USE EYETRACKING? 
Eye tracking is not a simple or inexpensive usability method. The hardware is often relatively difficult to learn how 
to use, and effective solutions, when software is included, can cost several thousand dollars. Furthermore, in studies 
with many participants, or when eye tracking is used over long sessions, researchers can quickly become buried in 
data. For instance, many eye trackers. record data at a rate of 50 Hz ( or 50 data records per second). One observation 
that lasts for an hour can generate 180,000 records that need to be analyzed. Even with software, data analysis can . 
be a tedious, time-consuming endeavor. Probably for this reason, early attempts at eye tracking were not applied to 
usability techniques [I] and the field as a whole has not yet taken off as expected. 

Somewhat recently, though, several software packages have beconie available that make data analysis easier. One 
important advance was the ability to handle screens that involved scrolling. Scrolling is a problem because each 
screen must be handled as a different page in terms of eye tracking fixations. Previously, researchers could only use 
screens that require no scrolling. Some studies disallowed scrolling, while others came up with novel solutions that 
forced users to use "page up" and "page down," effectively constraining the user to two page possibilities [5]. For 
web usability, this constraint made testing some sites nearly impossible. Now, some of the more advanced systems 
have the ability to track scrolling events on the user's computer, and they can therefore segment the data 
automatically. 

In order to decide whether _to use eye tracking, it is helpful to understand that the questions that can be answered by 
eye tracking research differ somewhat from traditional usability studies. Traditional studies typically answer the 
question, "how well" an interface works, while eye tracking research can answers questions like "why" doesn't the 
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interface work. This difference is illustrated perfectly by a study conducted by four undergraduate students at the 
University of Virginia [6]. Through testing, they discovered that the average user spent 32 seconds on the homepage 
before viewing a certain link, but took 99 seconds to actually click the link (i.e., "how w_ell" it works). Since the 
users Viewed the link but then took much longer to actually click it, their team concluded that the link was probably 
not described weli enough. Because it took 32 seconds.to first view the link, they also concluded that it might be 
better placed in another location on the page. Using the fixation data to determine.which areas were viewed more 
often; they moved the link to a better location. When they tested again users only took 20 seconds to click the link. 
Without the eye tracking data, they might not have found the p_roblem or the solution. 

In addition to answering questions about why a phenomenon exists, eye movement research CID} __ supplement the 
quantitative ·data generated in typical usability studies. Traditional usability metrics often include performance data, 
time to completion for certain tasks, number of errors, and subjective ratings, such as satisfaction with the interface, 
or reports about task difficulty. However, self-report questionnaires and ''talking aloud" results are often unreliable, 
since people are not always aware of or remember their reasoning for doing things. Eye tracking, in these cases, can 
provide quantitative data that might help explain why an effect has occurred, or how difficult the user found it. 

METRICS AND DATA VISUALIZATION 
Metrics derived from eye movement research can offer more quantitative data about the difficulty of certain tasks 
( duration of fixations), and about the perceived utility of certain areas of a page ( frequency of fixations). At least 
two 'papers [ 1, 7] summarize all of the metrics available through eye tracking studies- they are mostly related to the 

· duration or frequency of fixations in certain areas of interest (AOI), though in some cases they make use of saccade 
length and pupil diameter. The definition of each AOI is important because they are used in many of the metrics. 
The AOI's typically envelope single objects, blocks of objects, images, text, buttons, and links. The software then 
computes the number and duration of fixations in each AOI, and this drives much of the analysis. Some of the more 
popular metrics are listed below [1]. 

• Number of fixations 
• Fixation % on each AOI 
• Fixation duration mean 
• Number of fixations on each AOI 
• Fixation duration mean, on each AOI 
• Fixation rate overall 
• % of participants who fixate on an AOI 
• Time to first fixation on an AOI 

Visualizing the data can be difficult. In some cases, each AOI is assigned a letter or a number, and that letter is 
overlaid onto an image of the web page so that data can easily be compared and contrasted. Three methods of 
visualizing eye tracking data are summarized in the following sections. 

Scanpath 
Typically, researchers use th~ data analysis software to construct "scanpaths" for each static web page. These 
scanpaths are essentially the sequence of fixations that a user followed when first viewing the page (see Figure 1). 
Longer fixation durations are often represented by larger circles. Scanpath$ can be either the average scanpath 
followed by users, or it can be the path followed by an individual. In some cases, a scanpath may be the sequence of 
AOI's that a particular user looks at. As the number of fixations incre~e, the deviation from the ave~ge scanpath 
typically increases, so usually scanpaths are limited to the first ten to thirty seconds on a webpage. When the web 
pages are complicated and full of information, the scanpath may vary too much to be of use. However, when the 
interface is simple or not very complex, such as Google's homepage, then scanpaths may be very similar across 
users, and thus very useful to a researcher trying to understand where it might be best to place important 
_ information. 
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Some data analysis software can generate a "heatmap," in which colors are overlaid onto the web page in order to 
show the number and/or duration of fixations on a particular AOI (see Figure 2). This allows researchers to quickly 
summarize much of their data, and to visualize which areas users often look at, and which areas they are likely to 
ignore. 

Figure 2 - Heatmap of www.tobii.se · 

231 



Proceedings of the 2006 IEMS Conference 

~w~~~ . . . . . . 
One relatively simple way to analyze eye tracking data is to view it in real-time as an overlay on the video feed of a 
user's screen (see Figure 3), or to add it to the video after the usability study is complete. Since video analysis is 
often already done· as part of a usability te~t, analyzing the gaze overlay may not impose much more burden on the 
experimenters. The main benefit of the video overlay is that they give the data a sense of time and context. While the 
overlay will not help wit~ quantitative analysis, it may help the experimenter answer the "why" type of questions 
mentioned above. For instance, the experimenter may see that a user never looked at a particular stimulus, which 
could explain why they didn't complete a task. · 
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Figure 3 - Video overlay with red circle representing gaze direction 

APPA~TUS 
Two types of eye tracking apparatµ,ses are commonly used in eye movement research. Both use the same method to 
determine the direction a person is looking. This is accomplished by shining an infrared light-emitting diode (LED) 
onto the eye, and by using an infrared camera to record the reflections from the pupil (which appears bright white) 
and from the cornea (which appears as a small but intense white dot). Software finds the two reflections and 
compares the two in order to generate a gaze position. The two setups differ in the location of the camera. 

In the first "head-mounted" style, the camera and infrared LED are mounted to a special helniet. This allows the user 
to move their head as much as they like, because the LED and camera will move with them. Since the eye is always 
in the view of the camera, the eye tracking portion is usually very stable. Unfortunately, there are two problems with 
this setup. First, the user will eventually become tired of having a somewhat heavy helmet on their head. Second, the 
system must also somehow keep track of the helmet position relative to the screen. 

The second method, by "remote device," is usually preferred to the first method. In _this setup, the camera and 
infrared LED are mounted somewhere near the monitor. Software moves the camera to automatically adjust for head 
movements. At ieast one eye tracker uses a fixed camera position and monitors both eyes (instead of only one). In 
any case, the remote method take·s the weight off the users head, and can greatly reduce fatigue. However, because 
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the camera is no longer attached to their head, the user must be instructed to restrict their head movements as much 
as possible. This sometimes leads to the.need to recalibrate the eye tracker in the middle of an experiment [8]. 

Typically, in an experiment, the eye tracker must be calibrated for each new user. This usually involves having the 
user look at.5-12 spots around the screen. When the calibration is done, then the study can begin. In some cases, the 
experimenter may need to recalibrate ~he systeµi by having the user either look at a single point, or sometimes by 
redoing the calibration completely. 

It is important to note that eye tracking does not work ideally for all users. Users who wear thick or narrow 
eyeglasses, who wear contacts or mascara, or those who have long eyelashes may be difficult to track. During the 
screening process, it will be helpful to omit users meeting these conditions [9]. 

FUTURE RESEARCH 
We plan to complete at least two studies in the near future using eye tracking to augment usability tests. In one case, 
we plan to use the video overlay method of visualizing data in order to better understand usability problems in a 
rich-client web application. In another study, we plan to conduct a scientific study using both usability and eye 
tracking metrics in order to test the effect of advertisements .on other content on a page. 

SUMMARY 
Web usability can be greatly aided by the addition of eye movement _research. In addition to answering questions 
about how easy it is to use a web page, eye tracking research can point to why a particular page is difficult to use. 
Finally, eye tracking can supply quantitative measures that help researchers figure out how difficult a particular page 
might be to the user. With careful planning of a study, eye tracking can provide· a relatively painless addition to 
traditional usability measures. 
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EFFECT OF BONE CONDUCTION VIDRA TOR PLACEMENT ON SPEECH INTELLIGIBILITY USING 
THE CALLS~GN ACQUISITION TEST-A PILOT STUDY 

1Benjamin Osafo-Yeboah, 1Misty Gripper, 2Maranda McBride and 1Xiaochun Jiang 
1North Carolina A&T State University:·2Embry-Riddle Aeronautical University 

ABSTRACT 
With U.S forces engaged in combat operations around the world in the war on terror, the need for effective and 
efficient communication systems has become more and more important. Bone conducted radio communication 
offers an attractive means for infantry to communicate in this regard because it allows radio communication to be 
transmitted and received without compromising the soldier's awareness of his or her surroundings. Bone conduction 
interfaces are also lightweight and less bulky and are therefore easy to integrate into military headgear. 
This research investigates the impact of the bone vibrator placement on speech intelligibility using the military's 
Callsign Acquisition Test (CAT) in order to determine the favorable locations that produce the most indelible 
speech. · 

INTRODUCTION 
C<;nnmunication in the battleground is very critical for military success. With U .S forces engaged in combat 
operations around the world in the war on terror, the need for effective and efficient systems has cannot be over 
emphasized. Bone conducted communication interface has received a Jot of attention in recent years as an alternative 
to headphones because bone conduction offers many advantages that could be tapped. Although hearing via bone
conduction occurs naturally in listening to our own voices and to loud external sounds, sound can also be directly 
transmitted through bone via vibrators attached the skull (Stanley and Walker, 2005). Bone conduction is the 
process where sound waves are transmitted to the inner ear without passing through the air in the ear canal. 

In air conduction, however, sound waves are collected by the pinna and transmitted to the inner ear through the ear 
canal. Using headphones therefore, covers the ears of the listener and diminishes his or her situation awareness. 
Presenting auditory information to listeners through bone conduction by placing vibrator on the skull avoids 
covering the ears of the listener and thus allows the listener to remain alert to changes within his surroundings. This 
is particularly signifiqmt in military combat operations where the soldier is constantly on the look out for enemy. 

Another advantage of bone conduction communication interl'ace is that transducers are lightweight, inconspicuous 
and can easily be integrated into military headgear. These devices have also proved their ability to provide necessary 
radio communication in quiet and high noise environments, especially when combined with an appropriate hearing 
protection system (Letowski et. al, 2004; McBride et. al., 2005) 

Speech intelligibility plays a very important role in the human-machine system communication regardless that 
speech is produced by humans or ~r machines. The Modified Rhyme Test (MRT) is the most common existing 
speech intelligibility test. However, it has been criticized as having poor validity in military settings. In response to 
this criticism, the Callsign Acquisition Test (CAT) test was developed specifically for military applications. The · 
CAT test is a new speech recognition test developed by the Auditory Research Team at the Army Research 
Laboratory to examine intelligibility of speech in military environments and consists of 126 CAT items (Letowski, 
2002; Blue, et. al, 2004). 

The CAT test items were developed from the language used in military operations, and are based on a relatively 
small number of unique single words and simple phrases with high percentages of numbers and code words which 
are meaningless outside the military environment. ·Toe CAT test materials are phonetic alphabets and t4us, help 
reduce between-letter confusability and improve performance for both human to human and human-computer 
communication. The CAT test materials also attempt to exploit some of the simple phrases that are consistently used 
in military environments to predict speech intelligibility in different acoustic environments. 

Forster (1976) and Morton (1969) determined that words, which appear more frequently in spoken and written 
langu,age, are more easily recognized than those that appear infrequently under similar conditions. Consequently, 
when listeners are more familiar with the testing material, they are more likely to find the material intelligible. A 
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single callsign is a three-syllable calling phrase made up of a two-syllable alphabet code and a single syllable digit 
(for example Alpha 1). · 

The effectiveness of bone conduction communication, however, greatly depends on where the transducers are placed 
on the head (Studebaker, 1962; McBride et. al, 2005), because bone structure and skin thickness are different for 
diff.erent locations on the head for each individual. This study attempts to investigate this issue using the materials of 
the CAT test.-

METHOD 
Participants 
Five undergraduate and graduate students at North Carolina A&T State University between the ages of 19 and 27 
volunteered to participate in the study. All participants were screened for normal hearing with a Fonix Hearing 
Evaluator FA-12 Digital Audiometer and passed. To pass the hearing test, participant had a hearing sensitivity of 
20dB SPL or better pure tone with frequencies between 250Hz-8 kHz. The purpose of the experiment was clearly 
explained to participants and each of them was given an Informed Consent form to read and sign. 

Stimulus Material . 
CAT test material with 126 testing items at 80dB mixed with babble noise at 89dB having signal to noise ratio 
(SNR) equal to --9dB (made possible by sound forge 6.0 software) was used in the experiment. 

Equipment 
The equipment used for this study includes a Desktop.Gateway Computer with a CD ROM drive, a Sound Forge3 

6.0 Software containing CAT test material for signal and noise mixture, delivery and data collection, a Dell Desktop 
Monitor and Keyboard in a sound proof acoustic chamber that complied with ANSI S3. l - 1999 requirements for 
hearing testing, a Radioear·B-71 bone vibrator, a digital force gauge and a headband. All equipments were calibrated 
to ensure validity. 

Experimental Design 
A completely randomized within subject design was used in the study. Each of the 5 participants went through 5 
experimental sessions. In each session, the experimenter placed the bone vibrator in one of the following locations: 
condyle, mastoid, forehead, temple and chin. The order of the sessions was randomized. One hundred and ~enty
six CAT test items were randomly generated each time a participant took the test in a session. 

Procedure 
Each participant was briefed on the purpose of the experiment and given an informed consent form to read and sign. 
Afterwards, participants were seated in front of a computer monitor with a keyboard in the sound treated test booth. 
A bone vibrator was placed at the test location on the head, and fastened in place with an adjustable headband. A 
digital force gauge was then used to measure the force exerted by the headband to ensure that, adequate but not 
unnecessarily high and uncom'fortable force was being applied to the head of the listener. For this testing, a static 
force of3.5N to 4.9N was used.in accordance with audiology related literature, which recommend that the static 
force applied by bone vibrator to the human head must fall within the range 2.5N (minimum required for stable 
position) and 5.9N (level of discomfort) . . 
Also, it was assumed that the difference between threshold values for symmetrical points on the head would not be 
statistically significantly to warr~t testing the two locations (McBride,' Letowski, Tran, 2005) 

Before the actual testing began, the experimenter explained the procedure clearly to participants, and showed 
participants how they are to enter their responses by running a trial demonstration of the test and answering all 
questions that participants had. A screen shot of the CAT test items as it appears on participant's screen is shown in 
Figure 1. 
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~igure 1: Screen shot of CAT test items 

Participants were asked to listen to incoming CAT items mixed with babble noise from the vibrator and identify 
them by pressing the appropriate keys on keyboard. Items from the CAT test were administered to the participants 
from the experimenter's desktop computer, and participant's responds were saved for later analysis. The procedure 
was repeated for other locations (condyle, mastoid, forehead, temple, and chin). The selection oftest location was 
randomized among participants. Figure 2 shows a participant taking the test, the bone vibrator fastened to his 
forehead with headband. 

Figure 2: A participant taking the test 

Data Collection 
In this experiment, the independent variable investigated was the vibrator location and the dependent variable was 
participants overall correct response. Five levels of the independent variable ( chin, temple, forehead, condyle and 

. mastoid) were investigated. 

Data collected from the experiment for each of the five vibrator placement locations were as follows: percentage of 
total correct response (both word and number are correctly identified), percentage of total -words correctly identified, 
and percentage of total numbers correctly identified. _ 
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JU:SULTS AND DISCUSSION 
Five participants completed the experiment. Table I shows the raw data for the measure of percentage of total 
correct response. Descriptive statistics of mean and standard deviation .for the data coll~cted were calculated as 
shown in Tables 1-3 . 

. - Table I Descriptive sta_tistics for the percentage of total correct responses 

Percentage of Total Correct Response 
Location Mean Standard Devi~;tion 
Chin 79.2 
Condyle 80 
Forehead 70.2 
Mastoid 79.4 
Temple 73.8 

Table 2 Descriptive statistics for the percentage of total words correctly identified 

Percentage of Total Words Correctly Identified 
Location Mean Standard Deviation 
Chin .. 84.6 
Condyle 83.8 
Forehead 78.2 
Mastoid 84 
Temple 

.. 
82 

Table 3 Descriptive statistics for the percentage of total numbers correctly identified 

Percentage of Total Numbers Correct! v Identified 
Location Mean Standard Deviation 
Chin 92.2 
Condvle 94.2 
Forehead 88.4 
Mastoid 93.2 
Temple 88.8 

8.58 
9.06 

10.66 
10.33 
12.36 

6.8 
8.7 

10.11 
8.34 

. 9.87 

4.09 
2.18 
4.93 
4.15 
5.07 

Figures 3-5 provide the histogram for each of the three measures. For example, for the mean percentage of correct 
responses, the condyle location had the best overall correct response (80%) followed closely by the mastoid location 
with overall percentage correct response rate 79.40%. The chin was next with 79.2% response rate. The temple and 
forehead respectively, had correct.response rates of73.8% and 70.0%. The condyle location has the best overall 
response rate and, therefore, the most suitable location for vibrator placement, followed by the mastoid location. 
This finding is in agreement with a previous study conducted by McBride, et al. (McBride, et al.; 2005) in which 
pure tone was used to locate the best vibrator placement. 

However, results of the analysis of variance (ANOVA) showed that, statistically, there was no significant difference 
among the vibrator locations for total correct response (F (4, 20) = 0.89, p=0.49), total words correctly identified (F 
(4, 20) =0.43, p=0. 78), or total numbers correctly identified (F (4, 20) = 1.94, p=0.14). This finding was a surprise, 
though. One of the possible reasons might because the signal to noise ratio in this experiment was set to be -9dB, 
and, it was relatively easier for the participants to get the correct response. Another possible reason is the small 
sample size. It might be necessary to increase the sample size in the future studies-in order to detect the difference 
among the vibrator placement locations. · 
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Figure 3: Mean Percentage.of Correct Response by Location 

Chin Condyle Forehead 

Location 

Mastoid Temple 

Figure 4: Mean Percentage of Words Correctly Identified by Location 
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Mastoid Tern pie 

Figur~ 5: Mean percentage of Numbers Correctly Identified by Locat~on 

Given the condyle and the mastoid are the top two choices for vibrator placement, it is recommended that the 
· condyle is considered first. This is because not only did the condyle position perform best overall, it is also more 
convenient. The condyle is outside the coverage area of the helmet yet sufficiently close to be integrated into 
helmet-supported bone conduction interface design. Bone vibrators could be incorporated into the straps of military 
headgear that run over the location of condyle to hold them in position. These factors together with the fact that the 
condyle is close enough to the ear canal, that any residual signal from leakage could be heard through air 
conduction, makes the condyle a favorable vibrator location. 

Although the chin ranked third among the locations tested, it is not recommended since this position is very unstable 
due to movements resulting from such frequent actions as talking, eating, and drinking. It is very difficult to hold a 
vibrator in place at this location. 

Most of the earlier studies into bone conduction used audiometers to generate tones and presented them to 
participants through bone vibrator. Also, previous studies of the CAT test presented the CAT test items to 
participants through air conduction. This is the first study that the authors .are aware of that has used bone 
conduction technique to present the CAT test items to participants in a study. 

CONCLUSION 
This study attempts to investigate the effect of vibrator placement ot;1 speech intelligibility _using CAT test. From the 
results obtained in the experiment, the condyle appears to be the most favorable loc·ation for vibrator placement 
closely followed by the mastoid. Although the differences between the response-rates for these two locations were 
not very significant, the condyle has additional advantages that make it more suitable especially in military 
environments. This pilot study revealed that the CAT test is a useful tool in studying bone conduction in military 
environment, and bone vibrator placem_ent merits further investigation. 
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DEVELOPMENT OF A CUSTOM GIS PLUG-IN 

· · Marvin Roe and Geary Layne 
Naval Research Laboratory 

ABSTRACT 
Interaction with geographical datasets is the basis for any Geographical Information System (GIS). This paper 
presents the development of a custom GIS plug-in that is designed to support common functionality including the 
ability to load, display, edit, save and perfonn basic analysis on these datasets and discusses its first software -
application. The development process is discussed starting with the most basic building blocks for data 
representation and programming and leads into how these are combined and built upon to provide the ability to 
manage multiple datasets and control how the data is displayed. Finally, development conclusions and 
considerations for future work are presented. 

INTRODUCTION 
Many of the applications that the Naval Research Laboratory (NRL) develops rely on the manipulation of 
geospatially oriented data. Therefore, a geospatially based interface is required to allow users to drive these 
systems. Graphical User Interfaces (GUI's) provide the most intuitive approach for users to interact with underlying 
application processes. For a GIS, the map interface is th~ key component for providing this interaction. Many 
commercial and open source development tools are available that inc_lude built in GIS capabilities such as ESRI, 
ERDAS, and GRASS. However, there are ·currently applications under development that only need a small subset 
of the GIS functionality provided by these packages and are required to have operating system flexibility that is not 
easily supported by them. The need to support the development of multiple applications with these similar 
requirements leads to the notion of using plug-in technology to create an in-house tool to support these applications 
in a way that minimizes development and maintenance e"fforts. 

Another critical influence that supports the decision to create our GIS plug-in is the fact that all of the related 
application development efforts have chosen Qt as the development toolset. Qt is primarily a GUI development 
toolset that is implemented using C++. Qt supports cross platform development and provides graphics, plug-in and 
other system level support tools. Many of the applications that are being developed are evolving from existing 
programs that currently execute on the Linux operating system (OS). The GUI development tools that were 
originally used to create these applications only work in UNIX environments. With one of the focuses being to 
develop these applications to execute on UNIX, Microsoft Windows and potentially other platforms, a different set 
of GUI tools had to be chosen for development. Since both Qt and most of the existing application source .code are 
based on C++, Qt was a natural choice for development. 

GIS Plug-In 

Bef.dt,.,.&oc-1.ao~IMSV-~ ---
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Figure I - MMCPC application. 
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This paper presents a discussion of the common building blocks and functionality shared by several applications 
while providing insight as to how they were implemented using Qt and C++. The discussion is presented as an 
incremental approach that starts with the smallest building blocks from both the user interface and the programming 
points of view and progresses to show how these are ~ombined to obtain the required capabilities. The first 
application that this plug-in has been used in is the new version of the Moving Map Composer called MMCPC 
(shown in Figure I). This paper not only shows the basic functionality provided by NRL's GIS plug-in but gives 

- insight into the challenges to creating the most basic of GIS GUI interaction capabilities from the ground up. 

BACKGROUND 
The types of app.lications that will use our GIS plug-in range from systems that analyze acousJic sensor data, . 
collected while surveying the bottom of the ocean in order to identify certain types of objects and their locations, to 
ones that pull together flight information based on a chosen area for pilots to use while flying missions. The later is 

. the MMCPC application used as the example implementation of the plug-in for this paper. MMCPC allows aircrew 
to build mission-specific, digital aeronautical chart coverages for use in a mission planning system and in flight 
moving-map displays [I]. Aircrew can also use MMCPC to incorp(jrate other sources of information such as 
reconnaissance photographs and digitized emergency checklist procedures into these mission-specific coverage files. 
The latest version of MMCPC uses the GIS plug-in as the interface for selecting areas of interest, displaying 
available datasets, and showing progress as coverage files are assembled from the selected data. The following 
sections present the steps followed to develop the GIS plug-in. 

BASIC BUILDING BLOCKS 
Since our GIS plug-in was created from the ground up-, we had to start with the basics. This section begins by 
presenting the basic mouse functionality that Qt provides and its connection between the user and the screen. This is 
followed by a discussion of the basic data elements, what they represent and how they are stored in memory. 

Mouse Events 
The Qt programming environment provides a set of basic mouse events which result in related blocks of code being 
-executed. These mouse events are triggered by specific actions from the user and provide the timing and nature of 
user's intentions. The mouse events provided include; move, press, release and double click. The mouse move 
event is triggered anytime the mouse pointer moves from one pixel to another on the screen. The mo~e press, 
release and double click events are related to the buttons. Since there is no click.event, one of the first steps was to 
add logic that would detect a button click. This logic starts when a button press event occurs by recording tlie 
screen location and which button was pressed and then watches to see if the related release event occurs over the 
same screen pixel for that button. The mouse pointer's current screen or pixel x/y coordinates for all mouse events 
are available each time they are triggered. To determine which button was pressed Qt provides a button state 
variable that is passed to each event that represents left, right, middle or no button. When the program code sees 
that one of the given buttons has the same pixel coordinates for a pair of consecutive press and release events, a 
custom click event is registered and the related code is called. The screen position and button information can also 
be used to implement a custom drag event. This event logic involves the press, move and release events. When the 
press event occurs, a variable is set to record that the particular button is currently pressed along with its screen 
position which is recorded as its· starting position. The manual recording of which button was pressed is necessary 
because Qt always reports a "no button" state for move events. Now when the move event executes, the code can 
check to see if a particular button is still p~essed and if so record how much it has moved relative to its new position 
and set a variable that indicates the mouse is currently dragging. Finally, when the release event is triggered for that 
button, the internal variable is updated to indicate that the mouse is no longer dragging and any code related to the 
end of the drag event can be executed. 

Raster Data 
While the ground work has been laid for displaying raster data, this functionality has yet to be fully developed in 
favor of meeting the higher priority need to support vector data for the MMCPC project. Our plug-in currently loads 
raster data from image files supported by Qt's graphics library and displays them at the correct location but at the 
source scale. This means that _the image will be incorrectly displayed if the current view does not represent the same 
scale as the source data. · 
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Vector Data 
A vector is defined as a data structure using the point or node and the connecting segment as the basic building 

· blocks for representing features [2]. It follows that vector data can be viewed as a single set of coordinates (X and 
Y) in coordinate space where lines are connected sequences of coordinate pairs, areas are sequences of 
interconnected lines who's first and last coordinate points are the same and a single coordinate pair not physically 
connected to any other coordinate pail: is a po~t entity [3] as shown in Figure 2. 

Point 

Line 

Polygon 

• 
• 

Figure 2 - Vector Data Examples 

• 

To expand this idea for GIS applications we can connect this spatial data to a known place on the earth to provide a 
true geographic reference [4]. Since most features commonly found on a map can be represented as a combination 
of points, lines and polygons, a vector format is the natural choice for a wide range of data storage and manipulation 
needs. The GIS plug-in accomplishes connecting the features to the earth through the use of a translator that links 
the longitude and latitude of vector data to an x and y position on the screen as discussed in the section titled Screen 
Display. The next section discusses the internal memory structure designed to hold vector data and the related input 
and output capabilities. 

Vector Data 1/0 
In order to store and manipulate vector data, we developed a custom data structure to store the objects. The 
structure was designed to be simple, flexible and compact. · The general idea is based on arrays that contain object 
references into a central ''point" array that holds longitude latitude pairs as shown in Figure 3. 

Point 1 Point n 

~' ~ 
I Loni Latl Loni Latl Loni_ Latl .. I .. I Loni Latl Loni Latl Loni Latl Loni Latl "--- ___ ) \. ________ / 

y V 
Line or Polygon 1 . Line or Polygon n 

Figure 3 - Example vector data Illemory structure. 

The structures are allocated dynamically to preserve memory and can easily hold points, lines and polygons. Since 
the most basic element is a point, the coordinate pair array can be referenced one pair at a time for points or more 
than one at a time to represent lines or polygons. To date, the plug-in processing routines only support two 
~imensional data in the structure. However, the design allows for future expansion into more dimensions as the 
need arises. 

For loading and saving vector data, the shape file format was chosen because of its published format [5] and widely 
available tools. The file load and save routines were designed to work with the custom data structure that was 
implemented. In addition to the file routines, all internal and external methods that create and or modify vector data 
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use the same structure for simplicity. The next section discusses the mechanisms created to display the data to the 
screen now that our plug-in has the capability to load vector data. 

Screen Display _ _ 
The first consideration when -drawing points, lines and polygons on the screen was to design a mechanism for 
customizing the appearance of each of the objects. The result was a DrawStyle· class that provided attributes that 

- could be could be set to would affect the way the Qt graphics engine draws the objects. The DrawStyle class 
included settings for characteristics like point size, color, and shape, line width, color, and style (dashed, solid, etc.), 
and polygon fill, color and style (none, solid, pattern, etc.). The mechanism maintains a DrawStyle for each object 
in the dataset including a true/false value that determines iftlie object gets drawn (is visible). _ 

The second consideration was coming up with a method to link the longitude and latitude coordinates for the data to 
. the proper screen position. The plug-in's first version utilizes a Mercator map projection since the data that 
MMCPC processes is based on it. A Transform class was designed that contained the actual calculations to go 
between the screen and the source data coordinate system via two methods. The class implementation and the 
mechanisms that use it were designed so that other display schemes could be easily implemented. One method 
converts a screen pixel x/y location to the source coordinate system and the other one does the opposite. The basic 
idea uses the width and height of the screen along with the top left and bottom right longitude and latitude 
coordinates to calculate a scale factor per pixel that is used to determine locations. 
The third and final major consideration was how to handle the resizing of application windows and the processing of 
zoom in and out requests. This fell out naturally from the implementation of the Transform class since anytime the 
window size changes or a zoom view is chosen with new longitude and latitude boundaries, the scale factor is 
automatically updated. 

Now that enough capability, exists to load vector data from a file and draw points, lines and polygons we can almost 
load shorelines from a file and display a reference grid on top of it as shown in Figure 4. 

Figure 4 - Shoreline, Country and Latitude Longitude Display 

lAT :~ 8 52.02 
LON : -!ll 53 12.12 

In order to display more than one layer of data we need a mechanism that can provide access t~ multiple map layers 
and control the order they are drawn in. How this has been implemented is discussed in the next section. 

Managing Multiple Datasets 
When dealing with multiple geographic datasets, one of the common operations is to display them relative to one 
another. This leads to the idea of layering to achieve the desired result. To handle this, the LayerManager was 
developed. The LayerManager is a Class that provides inserting, moving, and deleting functions for MapLayers of 
either raster or vector datasets .. The LayerManager maintains these Map.Layers in a·dynamically allocated array. 
Each MapLayer is a class structure that holds the data, a name for accessing the layer, a set ofDrawStyles, and a 
flag that determines if the layer will be drawn or not. 
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The order of the array is important because it detennines the ordet that layer data will be drawn to the screen with 
the last layer to be d(awn appearing on top. The LayerManager also includes logic to allow grouping of layers 

. together for convenient access to related data and to support locking the draw order of certain layers. This grouping 
capability was further developed to allow locking some number of bottom layers (those that are drawn first) 
followed by a middle and a top group. Once these are set, calls to methods on the LayerManager class to insert, 
move and delete MapLayers only see the middle section. This is useful when a shoreline and reference grid is 
loaded and all other data is to be displayed on top. 

The LayerManager is the central structure that is used each time the screen is repainted due to resizing, zooming, 
editing data etc. Each time it's called, the paint routine makes a pass through all of the available map layers -
following their order in the main array and draws each MapLayer's data based on the related DrawStyles to a main 
pixmap image which is then painted to the screen. Once created, the pixmap is kept in memory so that it only has to 
he redrawn if the data or view changes. The next section discuses the development of mouse interaction. 

Mouse Interaction 
Now that our plug-in can load, store, and display vector data, we can show how the mouse capabilities are used to 
manipulate the interface. The key to managing the mouse interface of our plug-in is to give meaning to the user's 
intent. Using only the four built in mou~e events and the two derived events, discussed in the related previous 
section, does not provide enough infonnation. The user could be clicking a button for any number of reasons. The 
mouse could be dragging to define a new region of interest, to change the current view window, or to zoom to a new 
scale. The right mouse button could be clicked to cancel the choos~g of a region of interest or trying to invoke a 
built in popup menu. To handle these and other actions, we developed another mechanism that manages mouse edit 
modes. The edit modes provide another level of distinction so that the mouse event structure can be tied to more 
sophisticated routines. Adding a point to a layer is an example mouse edit mode where the plug-in waits for each 
time our derived click event is triggered to add a point to an assigned MapLayer within the LayerManager. This 
continues as long as our plug-in is in AddPoint mouse edit mode. More complex mouse edit modes exist that 
combine multiple elements; for example a square polygon can be added. to a MapLayer by clicking a start point and 
dragging the mouse to define the size. Another example of a complex mouse edit mode is to support defining a new 
polygon by adding points via mouse clicks until the last point's position is double clicked. 

Some mouse actions don't have a particular mode but since they initiate certain behaviors of the plug-in they will 
monitor mouse modes. For example, if the right button is clicked and there is no currently active mouse mode or if 
the current mode allows it, a popup menu is presented at the position of the mouse that provides access to additional 
plug-in capabilities as shown in Figure 5. 

( 

Figure 5. Popup Menu 

To make the plugin more efficient the same shape memory structure used for vector data is used to track mouse 
activity for different tasks. This provides robustness because the same Transfonn routine for screen drawing can be 
used to handle position mapping and because it allows the use of any special graphics drawing developed for 
DrawStyles to be used to enhance the visual capabilities of mouse interaction. This means that the same draw 
routine that draws a square polygon stored as vector data can be used to show a square highlight as the mouse is 
being dragged to define a new zoom window. The only difference is that any graphics drawing done related to the 
mouse is drawn on a dedi_cated internal pixmap. This mouse pixmap is overlaid on top of the base pixmap that 
contains all of the drawn Map Layers. This prevents having to redraw all of the underlying · data for all of the 
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MapLayers every time the mouse change~ the view - for example, when displaying a highlighted box while dragging 
the mouse. This case would require an· entire repaint every time the mouse moved from one pixel to the next. 

TYING IT ALL TOGETHER 
Now that an overview of the .types of capabilities developed while creating our GIS plug-in has been presented, this 
section will show how the MMCPC application made use of some of them. 

~ 
___ _______________ ,... __ - ......... 4 _ .;..._ ______ _..;;... _______ _ __;____,;--= 

a. Choosing a zoom region. b. Displaying the zoom region. 

Figure 6 - Operation of the zoom feature. 

MMCPC users are able to use the zooming feature to zoom in on an area of interest as shown in Figure 6. The ·zoom 
feature can be invoked either from within the plug-in using the right mouse popup menu or from outside the plug-in 
by using the appropriate MMCPC toolbar button: 

The MMCPC application made use of the plug-in's ability to allow users to choose a region of interest and display 
any datasets available for processing as shown in Figure 7. 

Figure 7 - Example showing display of available data as a grid. · 

Finally, the "View RPF Data" item on the popup menu, shown in Figure 5, demonstrates how custom menu items 
were easily added to provide desired functionality. 

CONCLUSION 
While a notable amount of effort has gone into creating our GIS plug-in from the grQund up, the result has proven to 
be a success. The plug-in has been integrated into MMCPC which has exercised much of its current capability. The 
development of the first version occurred parallel to the MMCPC development efforts which was made easy by the 
plug-in technology. Although the MMCPC application drove much oftbe initial capabilities, we believe that this 
functionality is core to future applications that will incorporate the plug-in as the graphical geospatial interface. The 
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plug-in's functionality will grow as it is improved for later versions ofMMCPC and is included in other applications 
development. The result of developing our own GIS plug-in will also support prototyping ongoing research efforts 

· by NRL's Mapping Charting and Geodesy (MC&G) branch in the area of geospatial analysis. 

FUTURE WORK 
Future work includes bringing the project into ,Qt 3.3 from Qt 4.0. Additional improvements will be made to the 
LayerManager to add more flexibility for handling sub groups and to improve drawing performance. Also being 
considered are improvements to the structure of the DrawStyle mechanism that will reduce memory usage. Efforts 
will also be directed at expanding the raster data display and manipulation capabilities. Finally, much was learned 
while developing version one and that knowledge will go into general performance and capability enhancements in 
the next version. · 
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HANDHELD USABILITY FOR OLDER ADULT USERS. 

Shirley ·Ann Becker, Brandon Schmitt and John Clarke 
Florida Institute of Technology 

INTRODUCTION 
The older adult population in the U.S. continues to grow ata very rapid pace as baby boomers age and life 
expectancy increases. Since 1990, the number of Americans sixty-five or older has more than tripled. Older adults 
will comprise about 20% of the total population by 2030, which is twice the population percentage of 2000 
(Administration on Aging, 2002). An important aspect of the older adult population, when compared to its younger 
adult counterpart, is the proportion having some type of disability due to normal aging or chronic age-related 
·diseases such as arthritis or cataracts. According to the Administration on Aging, 44.5% of older adults in the age 
range of 65-69 years have a disability. This percentage increases to almost 75% for adults 80 years and older. 

Today's information and communication technology (JCT) offers older adults information and resources, mobility, 
and social connectivity that otherwise might not be available to them. Unfortunately, older adults may encounter 
barriers associated with JCT usability b~cause their needs were not taken into account during the design process. 
JCT usability for older adults must take into account vision, cognition, motor skills, ·hearing, and speech perception 
due to normal aging and age-related diseases. Font sizes and types, foreground and background colors, navigational 
schemas, and search mechanisms, among other design elements, m~y pose usability barriers thus preventing older 
adults from taking advantage of today's technologies. 

Past research on older adult Web use has identified potential design barriers and provided guidelines for avoiding 
them. The U.S. National Institute on Aging (2002) has taken a proactive role in producing these guidelines for 

· designing senior-friendly Web sites. They are based on· research studie·s on various aspects of human factors and the 
use of the Web by older adults (Morrell, et al., 2004). The overall obje<;:tive is to eliminate potential Web barriers 
due to vision, cognition, and physical impairments associated with normal aging. As a result, Web designs are 
promoted that are universally accessible to a broad range of users with and without disabilities. 

Web usability research can provide a foundation for the design of other technologies in eliminating barriers to older 
adult use. Our research focus is on usable handheld technology because it offers support in performing daily 
activities, maintaining social connections, scheduling appointments, and accessing a wealth of resources made 
available through commercial software applications and Internet connectivity. Handheld devices are light-weight, 
relatively inexpensive, have built-in software applications, and can be used to communicate through wireless or 
wired communication technologies. Increasingly,_ new software applications are being built bringing additional 
resources such as global positioning service (GPS), medication and healthcare management, gaming, schedulers, and 
much more. 

Our overall research objective is the initiation of a series of usability studies focusing on design elements associated 
with the PocketPC. Older adult usability of PocketPC technology is part of a long-term exploration of healthcare 
management using ICT. The research in this paper focuses on font sizes and navigational schemas associated with 
the use of a PocketPC. The paper is organized in the following manner. Section 2 provides an overview of aging 
factors that may impact the use of handheld technology. Section 3 · summarizes the usability study associated with 
font sizes and navigational schemas as part of a handheld interface design. Section 4 concludes the paper by 
identifying future research directions. 

OLDER ADULT PROFILE 
An older adult profile is .needed in order to understand the potential usability barriers that a senior may encounter 
during the use of technology. This is especially important in the study ofhandheld technology due to limited 
~eyboard and screen sizes. The older adult profile includes usability aspects associated with normal aging. These 
include: vision, cognition, motor skills, hearing, .and speech perception. Each of these is briefly described (a more 
thorough discussion can be found "in: Chamess and Schaie, 2003; Fisk et al., 2004; Rogers and Fisk, 2002). 

The aging eye has a reduced ability to focus on close objects due to a reduction in the elasticity in the lens. In 
addition, there is a decline in visual acuity affecting the ability to see objects clearly. The lens of the eye yellows and 
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thickens thus impacting color perception. -There is decreased light sensitivity affecting adaptation to changes in light 
levels, and increased sensitivity to glare from light reflecting or shining into the eye. Depth perception is reduced 
making it more difficult to judge the distance ofan object (American Foundation for the Blind, 2004). All of these 
changes in vision have an impact on older adult use o( technology when user interfaces do not take them into 
account. For handheld technology, aging vision may ·pose major impediments given the physical constraints of the 
device. . 

There are several changes in both the outer and inner ear that are age-related thus impacting the ability to hear. In 
addition, age-related loss of sensitivity is especially pronounced for high-frequency sounds (Fozard, 1990; as cited 
in Chamess and Schaie, 2003). The aging process is responsible for a lessening discriminatiop,of similar sounds 
that may differ in intensity or frequency. There is also difficulty in the localization ofa sound. Olsho et al. (I 985) 
found that seniors may have problems with the localization of an_ object with low frequency sounds. These normal 

-aging factors may impact the use of a handheld device when audio is used to relay information to the user. The 
length, intensity, and/or frequency of sounds on the PocketPC may pose as potential barriers to older adult users if 
not properly designed. 

As one ages, speech perception is impacted especially in terms of one syllable words. For older adults, it is more 
difficult to distinguish these words when compared to their younger counterparts. Age-related decrements in speech 
intelligibility are exacerbated under challenging conditions such as background noise, echoing, or sound 
reverberation (Chamess and Schaie, 2003, p. 52). For handheld designs that utilize voice synthesis technology, it 
would be important to .account for less than optimal conditions and optimize the length and pronunciation of short 
words. 

There are several cognitive factors to take into account when designing technology for older adult users. Strong et 
al. (2001) identify problem solving, working memory, attention, and concept formation, as the cognitive issues . 
influencing an older adult's use of Web features. Holt and Morrell (2004) point out that an aging adult's 
performance on working memory tasks declines with age, and he or she_ has a reduced ability to discern details in the 
presence of distracting information. As a result, complex navigation schemas, poorly designed search capabilities, 
and cluttered screens will negatively affect the use of a handheld device. 

Older adults have decreased motor coordination such that it becomes difficult moving and clicking on a screen. For 
those who have a chronic disease such as arthritis, using a mouse may be difficult in manipulating interface objects. 
An older adult typically takes longer to complete a movement than younger adults (Chadwick-Dias, et al., 2003), 
and their movements tend to be less smooth and less coordinated (Seidler and Stelmach, 1996). Due to a reduction 
in fine motor skills, cursor positioning of the mouse is difficult for older adults, especially when interacting with 
small objects (Chaparro, et al., 1999). Though past studies have focused on the use of a mouse, the same motor skill 
issues exist when using a stylus pen or the small keyboard associated with a handheld device. As such, typing, 
navigation, object selection, and scrolling may be difficult for an older adult user. 

RELATED WORK 
It has been acknowledged by human computer interaction (HCI) researchers that aging factors need to be taken into 
account in order to make ICT universally ~ccessible to older adult users. In particular, there has been significant 
research on Web technologies and seniors (Morrell, 2004 provides a compendium of Web usability for older adults). 
We have extracted the following usability guidelines that provide a foundation for ICT and older adult usability 
research. · 

• Provide a "help" feature making available information to assist in using technology. 
• Ensure design consistency in terms of layout, navigation, font size and style, among design elements to 

promote ease-of-use. 
• Use a single mouse click or stylus tap for easy manipulation of objects on the screen. 
• Use sufficiently large objects such that precise mouse (or stylus) movement is not needed to activate 

objects. · 
• Use sufficiently large .font sizes and sans serif font styles for improved readability. 
• Eliminate patterned backgrounds to improve visibility of overlaying objects and text. 
• Use highly contrasting foreground and background colors for improved readability. 
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Though these guidelines are helpful in getting started with user interface designs for the handheld device, additional 
·research is needed. Screen size poses s_ignificant design challenges given that a handheld device typically has a 
display area measuring approximately'2 by 3 inches. The use of the device's keyboard and stylus pen may also pose 
challenges for those older adults with disabilities or unsteady· hands due to normal aging. 

There are those who are skeptical regarding older adult use of handheld technology given the physical limitations of 
the device. In several of the studies, described below, the authors explicitly mention this skepticism expressed by 
proposal reviewers and researchers alike. There is validity in their concerns when, for example, applications are 
presented in small font sizes in order to increase the amount of information presented to the user. When 
compounded with glare and low contrast, it may be difficult if not impossible for an older adult to read information 
content on the handheld screen. However, this same concern exists for user interface designs of personal computers 
and Web technologies. 

Initial research on older adult use of PocketPC applications shows promise from a usability perspective. A study by 
Stems (2005) showed that older adults can readily use a Personal Digital Assistant (PDA) as a memory aid for 
addresses and appointments, to improve medication adherence, and as an organizational and communication tool. 
His results showed that all of older adult participants were able to use basic features and applications designed for 
medication reminders (p. 834). · 

A study conducted by Siek, et al. (2005) found that there are no major differences in performance between older 
(75-85 years) and younger (25-30 years) QSers when physically interacting with a PDA and completing conventional 
( e.g., pressing buttons) and non-conventional ( e.g., scanning bar codes) tasks (p. 267). Darroch, et al. (2005) found 
little difference in reading performance by older adults and their younger counterparts with font size above 6 point; 
however, older adult subjects preferred the larger font sizes. Another study conducted by Goodman et al. (2005) 
showed that multimodal presentations of information are effective for older adult users of handheld devices when 
used as a pedestrian navigation aid. The study pointed out that portabl~ technology can prove useful for older adults 
in maintaining their mobility and independence (p. 19). 

We propose to build upon this initial work through a series of usability studies conducted by our research team. In 
the next section, an initial usability study is described. 

CASE STUDY 
Our first usability study, as described in this paper, focused· on automated software that could support it. The 
objective was to develop software that could automatically gather information about each usability case. Its 
usability objective was to assess font sizes associated with user interface designs of a PocketPC. The software 
application that was built stored performance information associated with the completion of a task using a particular 
navigational technique, as described on the next page. It alternately selected a font size to be used with the 
navigational technique for each usability case. 

The PocketPC screen designs were'done in black, gray, and white with no other use of color. The font type was san 
serif with a range of font sizes including 12, 14, and 18 point. These larger font sizes were selected for this study 
based on Web design guidelines for older adults specifying the use of at least a 12 point font size. Twenty-three 
subjects participated in the study with ten younger adults 40 years and younger, six middle aged adults 41 - 50 
years, and seven adults in the age range of 51- 70 years. Each participant was· asked to find a specified text string as 
part of a navigational search process. There were five different navigational techniques used by each participant in 
order to assess font size preferences and performance time. The five navigational schemas are briefly described as 
follows: 

• Flip Book - A user "flips" through a series of pages in search of a particular item in a list. A page can be 
organized conceptually as a folder or folders. Each page has a fixed number of items in which the user 
searches. If the item is not found, then the user moves to the next page. 

• Tree Structure - A user ~an expand or collapse the list in search of a particular item. A folder conceptually 
organizes the items. The contents of the folder are displayed when a user clicks on a plus box adjacent to 
it. The contents· of the folder are hidden from view when the user clicks on the minus box· adjacent to the 
folder and its displayed contents. 
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• Scrolling - A user scrolls down the list until the item is found. There is a scroll bar on the right side of the 
handheld screen for viewing more items at the top of bottom of the list. 

• Layer A :- A user selects a category ( e.g., "doctors") from a list of categories and clicks on a select button 
to displ~y the items associated with it. 

• Layer B - A user clicks on a category link ( e.g., "doctors") from a list of category links and items 
associated with it are displayed. 

The subject was asked to rate his or her preference of a font size in terms of "too small", "perfect" or "too big" after 
using each of the five navigational techniques. The font size was predetermined for the subject. It displayed as 12, 
14, or 18 point font size as selected by the usability test being performed. The subject's performance time 
associated with using a navigational technique was automatically calculated from the initiation of the search until 
the specified item was found. Each subject searched for the same-data value in the list. 

The Flip Book technique had 7 subjects using 12 point font size, 8 subjects using 14 point font size, and 8 subjects 
using 18 point font size. The 18 point font size was rated perfect by almost 90% of the subjects with the remaining 
10% identifying it as too large. The 14 point font size was rated perfect by 75% of the subjects and rated too small 
by 25% of the subjects. About 40% of the subjects using the 12,point font rated it perfect with the remaining 60% 
rating it as too small. There was a significant difference in search time for the 18 point font size when compared to 
the other two sizes. The average search time was 12.14 seconds for 12 point font size, 11 seconds for 14 point font 
size, and 15 .25 seconds for the 18 point font size. 

The Tree Structure technique had 8 subjects using 12 point font size, 8 subjects using 14 point font size, and 7 
subjects using 18 point font size. For both the 12 and 14 point font sizes, 37.5% rated them as too small and 62.5% 
rated them as perfect. The 18 point font size had almost 30% rate it as too big and 70% rate it as perfect. The 
performance times varied significantly as the font size increased. Similarly to the Flip Book technique, there was a 
significant difference in search time for the 18 point font size when compared to the other two sizes. The subjects 
using the 12 point font size averaged 8.5 seconds.in using the navigational technique. Subjects using the 14 point 
font size averaged 11.4 seconds and subjects using the 18 points font size averaged 15 .3 seconds. 

The Scrolling technique had 8 subjects using 12 point font size, 7 subjects using 14 point font size, and 8 subjects 
. using 18 point font size. Seventy-five percent of the subjects using the 12 point font rated it as too small and-25% 
rated it as perfect. Almost 30% of the subjects using 14 point font rated is as too small and approximately 70% rated 
it as perfect. About 60% of the subjects using the 18 point font found it to be the perfect size and the remaining 
40% found it too big. The performance data is significantly different for the scrolling technique than for the other 
techniques. The average search time was 53.43 seconds for the 12 point font size, 26.71 seconds for the 14 point 
font size, and 28 seconds for the 18 point font size. (One data point was not included for the 12 point font size due 
to human error resulting in · a 20 minute search.) 

The Layer A technique had 8 ·subjects using 12 point font size, 7 subjects using 14 point font size, and 8 subjects 
using 18 point font size. Eighty percent of the subjects using the 12 point font rated it as too small. One subject 
rated the 14 point font rated is as too small with approximately 86% rating it as perfect. Fifty percent of the 
subjects using the 18 point font size rated it as perfect while the other 50% rated it as too big. The performance 
times varied significantly as the font size increased. Unlike the previous.techniques, performance significantly 
decreased for the 18 point font size. Subjects using the 12 point font size averaged 15. 7 5 seconds for this 
navigational technique. Subjects using the 14 point font size averag~d 11.43 seconds and s~bje'cts using the 18 
points font size subjects averaged 9.5 seconds in finding the specified search item. · 

The Layer B technique had 8 subjects using 12 point font size, 8 subjects using 14 point font size, and 7 subjects 
using 18 point font size. Over 60% of the subjects using the 12 point font rated it as too small while the remaining 
40% rated it perfect. Twenty-five percent of the subjects using 14 point font size rated it as too small and 75% rated 
it as perfect. About 70% of the subjects using the 18 point font found it to be the perfect size and the remaining 
30% found it too big. The performance times were much more consistent ·across all ·subje~t usage experiences. 
subjects using-12 point font size averaged 6 seconds in using the navigational technique. Subjects using 14 point 
f<:>nt size averaged 5.4 seconds and subjects using 18 points font size averaged 8.3 seconds. · 
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Table 1 summarizes the font size preferences for each of the navigational techniques. It is shown that overall 14 
point font size had a higher rating of pe1ect than the other two font sizes. The 12 point font size was rated 

· significantly lower in being a perfect size when using any of the navigational techniques on the PocketPC. On the 
average, almost one-third of all the subjects rated the 18 point font as too large in navigating the PocketPC. 

T bl 1 Th F ts· Pr ti a e e on IZe e erences iy av1gationa b N . ec 1que IT hn' 
Navigational Technique Percentage Too Small Percentage Perfect Percentage Too Big 

Font Size: 12 14 18 12 14 18 12 14 18 
Flip Book 60.0 25.0 00.0 40.0 75.0 90.0 00.0 00.0 10.0 
Tree Structure 37.5 37.5 00.0 62.5 62.5 70.0 00.0 ,00.0 30.0 
Scrolling 75.0 30.0 00.0 25.0 70.0 60.0 00.0 00.0 40.0 
Layer A 80.0 14.0 00.0 20.0 86.0 50.0 00.0 00.0 50.0 
LayerB 60.0 25.0 00.0 40.0 75.0 70.0 00.0 00.0 30.0 
Avera2e 62.5 26.3 00.0 37.5 73.7 68.0 00.0 00.0 32.0 

As a whole, the results show that there are differences in font size preferences depending on the design of the 
navigational components. The differenc~s in font size ratings are not analyzed by age group because the sample 
sizes were too small for this study to show significant results. Based on the results of the data presented in Table I, 
a 12 point font size would be a good design choice when using the Tree Structure ·navigational technique. It had the 
lowest rating for the two small category. Because of the· capability of hiding data through the use of minus buttons, 
the user can manipulate the white space surrounding other items on the list. This may account for lower percentage 
of too small rating for the 12 point font size category and a higher number of perfect ratings across all categories. 
The Flip Book had the lowest rating in terms of the 18 point font size being too big. The Flip Book associates a 
page with a category, thus it typically displays less data per screen. As such, the use of a larger font size may have 
less of an impact on the search process. 

T bl 2 A a e verage p rfi e ormance T . s unes m econ dsA ssoc1ate ci W"thN . 1 av1gationa IT hn" ec 1ques 
Navigational Technique 12 Point Font Size 14 Point Font Size 18 Point Font Size 

Flip Book 12.14 11.00 15.25 
Tree Structure 8.50 11.40 15.30 
Scrolling 53.43 1 26.71 28.00 
Layer A 15.75 11.43 9.50 
LayerB 6.00 5.40 8.30 

The average performance times associated with each of the navigational techniques is shown in Table 2. Overall, it 
shows that Layer B had the shortest average performance times for each of the three font sizes. The Scrolling 
technique had the longest average search times for each of the three font sizes, which may be a reflection of have to 
search through a long list versus reducing the number of search items through categories. There is greater 
consistency in average performance 'times for the 14 point font sizes. There appears to be significant variation in the 
average performance data to warrant additional studies for each of the navigational techniques. 

CONCLUSION . 
The results of this initial research show that performance data can·be automatically gathered during a PocketPC 
usability study. This automated support makes it possible to conduct usability studies with a much larger sample 
size. It also provides the means to explore the automation of other -aspects of our usability studies, which are 
currently being designed by the research team. 

The results are preliminary in that they identify opportunities for future research. The usability results for the font 
sizes warrant further study given that many existing PocketPC applications use smaller than 12 point font sizes. 
Larger than 12 point font sizes may not be feasible for information content (e.g., text documents or instructions) 
given the small screen size of the cteyice. However, larger font sizes may add value when labeling objects and 
navigating lists or searching for contact information, among others. 

1 One data point was not included because of human error resulting in a 20 minute record of performance time. 
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Our future research will expand upon this initial study by exploring•the use of various font sizes with a focus on 
ol9er adults. The sample size will be significantly increased to detennine differences in font size preferences and 
performance times associated with navigational techniques based on specified age groups. Future research will also 
explore supplementing smaller font sizes with audio capabilities. This is similar to several research efforts currently 
exploring the use of multiinodal techniques for addressing the physical limitations of the handheld device. Brewster 

- (2()02), for example, is -exploring the substitution of non-speech sound for visual feedback given the limited space on 
the handheld screen. Though this research does not specifically target older adult users, it holds great promise in 
providing multimodal feedback to an older adult when manipulating objects on a handheld device. For older adults 
with vision disabilities, this type ofmultimodal support minimizes potential barriers to the us<:.of ICT. We are 
exploring the use of non-speech and speech recognition to supplement visual requirements of contextual information 
on a PocketPC. 
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MICROSOFT OFFICE OUTLOOK 2003 USABILITY STUDY 

MFon'Boyce, Puneet Bhatia and Nadine Holness 
Florida Institute of-Technology 

ABSTRACT 
This report investigates the usability of the software program Microsoft Office Outlook 2003. The research is based 
on a study conducted at Florida Institute of Technology as a project of a Human Computer Interaction course. The 
study used six participants who performed three tasks - adding a contact, making an appointment and creating an e
mail - using Microsoft Outlook 2003. Participants identified their likes and dislikes of Outlook on completion of 
these tasks. Good usability features identified included consistency, features and help menus. Some improvements 
that were suggested were to decrease the program's complexity and increase users' knowledge of all features. 

INTRODUCTION 
Microsoft Outlook 2003's Reviewer Guide describes .Microsoft Office Outlook 2003 as "the personal information 
management and communication client of the Microsoft Office System". After studying "information workers, their 
work habits, · and the tasks they comm<;>nly engage in" the Microsoft Outlook team designed the program which 
''provides information workers with the capabilities they need to work more productively as individuals and 
collaborate more effectively in project groups and teams" (Outlook Reviewer Guide 2003). 

Some of the user requirements that Microsoft focused on when deveioping Outlook 2003 include: 
"Searching for, accessing, and controlling access to intellectual property or sensitive information". 
"Creating effective teams, improving collaboration, and sharing information more quickly and effectively". 
"Improving individual productivity ·and making more effective contributions by managing, prioritizing, and 
acting on information more quickly and decisively"· (Outlook Reviewer Guide 2003). 

All of these requirements were implemented in order to make the process more ·efficient. However, the last 
requirement was of particular importance to this usability study as participants were tested and analyzed on their use 
Microsoft Outlook 2003. 

LITERATURE REVIEW 
Usability testing is a technique that has been widely used to evaluate user performance and acceptance of products 
and systems. Usability testing was first introduced in the late 1980s and it has increased in popularity in the past I 0 
years. Usability testing is used to test a variety of different trends and it also provides data that is used to determine 
how efficiently people use products and systems and to determine their user-friendliness. Some of the most 
commonly performed usability tests include reporting formats and methods for industry, Internet application and 
website testing, testing of mobile, handheld devices, software testing, and testing in more naturalistic environments 
such as simulated homes and classrooms (Wichansky, 2000). The basic elements in any usability engineering model 
are the user testing and prototyping, combined with iterative design. Usability activities are presented in three main 
phases on many software testing projects. These three main phases are before the actual test, during and after 
product design and implementation (Nielsen, 1992). 

For Microsoft, the challenge begins with balancing design and usability. · Microsoft is constantly performing 
usability tests. The two types of usability studies that Microsoft conducts are Lab Studies and Site Studies. During 
Site Studies, Microsoft's product and development teams go out into the field and observe users in their work or 
home environments. Microsoft believes that their Site Studies provide a more realistic insight to how people live 
and work in their everyday lives. A majority of Microsoft's Lab Studies are conducted in their usability labs based 
in Redmond, W.A. (Studies - types of usability studies, 2005). In the past year, Microsoft employed 252 usability 
engineers, tested products with 20,000 consumers and has 16 labs solely for usability testing. Microsoft also tests 
~eir products by bringing in people who do not work for the company. Microsoft has constructed rooms that are 
used solely for the purpose of conducting usability tests (Gussow, 2005). Currently, Microsoft has over 25 labs on 
their Redmond, W .A. campus. Toe· lab is separated into two sections - the observers' side and the participants' side. 
The usability engineers monitor from ·the observers' side, while the participant is on the designated participants' side. 
These sections are separated by a sound-proof wall and a one way mirror. The layout of the participants' side is 
changed in order to meet the requirements of the different studies. Cameras on the participants' side assist the 
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observers with monitoring facial expressi(?ns and help them to determine the efficiency of the software being tested 
(Facilities - usability labs, 2005). 

In a journal article· published in the St. Petersburg Times Microsoft describes their usability testing on Media Center 
PC Software. Microsoft brought in three people to · perform the tests and constructed their usability lab with an 
entertainment center, which included a TV, stereo, DVD, and a computer running the Media Center PC Software . 

. Mason, Microsoft's research manager, and her team observed the tests which were typically done one person at a 
time over a two-hour period. Their observation room included recording equipment, a TV monitor that duplicates 
what the tester sees on the Media Center PC and sound systems so that the team could communicate with the 
participants on the other side of the mirror. Mason believes that usability testing provides her with a ''realistic view 
of a process that tries to weed out problems before a product goes on sale". However, she also recognizes the fact 
that every user has different needs and expectations for the software. She understands that Microsoft will never be 
_able to present a product in the market with zero-usability issues'. At Microsoft, problems are ranked by the level 
and scope of their severity on a three-point scale. In Microsoft-language, "Severity 1, Scope 1 means trouble, big 
trouble". _Mason believes that if consumers experience difficulty while using Microsoft products, "it's the company's 
fault, not user error". At Microsoft, usability testing of a product is very iterative. Software code is always being 
rewritten and product designs are constantly being redeveloped (Gussow, 2005). 

METHODOLOGY 
This section presents a series of steps that were performed in order to fully complete the project. The steps are as 

· follows: 

Step 1 - Decide which software or product to test. Software: Microsoft Outlook 2003: 
Step 2 - Develop the various documents that will be used during the project. These documents include: 

General Instructions for .Subjects 
. Informed Consent Form 

Pre-Test Survey 
Task Instructions for Subjects 
Post-Test Survey. 
A form was also submitted to Florida Tech's Institutional Review Board (IRB) which gave permission to use 
human subjects for the usability study. 

Step 3 - Recruit a participant to carry out a pilot test for the review of the documents mentioned in Step 2 above. 
This test can be referred to as usability testing of documents which will ensure the understanding and the 
effectiveness of completing each task correctly and on time. 
Step 4 - Recruit participants to carry out tests of the software. Six subjects will be randomly selected to participate 
in the testing of the Microsoft Office Outlook 2003 software. 
Step 5 - Explain the instructions to the participants. 
Step 6 - Have participants sign the Informed Consent Form. 
Step 7 - Have participants complete the Pre-Test survey. 
Step 8 - Have participants perform the required tasks for the usability tests. 
Step 9 - Observe participants while they proceed with the tasks and record observations and/or questions posed by 
participants. Observations can include participants' behaviors or facial expressions while performing the tasks. 
Step 1.0 - Have participants complete the P6st-Test Survey. 
Step 11 - Thank participants for taking the tests and being part of the study. 
Step 12-Meet with group members to analyze and document the data that was collected. 
Step 12 - Meet with group members to make conclusions based on data collected. 
Step 14 - Interpret and present the findings in the form of a formal presentation. 
Step 15 - Submit final paper to the instructor. 

TESTS AND OBSERVATIONS 
This usability test was designed to determine the user-friendliness of Microsoft Office Outlook 2003. Participants 
ranged from 18 to 25 years of age. Pre-Test and Post-Test Surveys were used to gather information for the usability 
test. The pre-test survey was des~gned to identify the computer-experience of users as we~l as their familiarity with 
Microsoft Outlook 2003. The post-test survey was designed to gather information about the range of difficulty 
e~perienced while completing the three assigned tasks. 
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Pre-test survey 
The Pre-Test Survey was used to gather information about participan~' computer experience and to find out if they 
have ever used Microsoft Office Outlook 2003. The responses from the participants showed that 50% of the 
participants had some computer experience while the other 50% had significant computer experience. The pre-test 
survey also showed that four out of the six participants (66%) have used Microsoft Outlook 2003. Two of the 
participants said that they had never used Microsoft Outlook 2003 while one of the participants had prior experience 
with an earlier version of Microsoft Outlook. , 

Observation of participants 
Participants were asked to perform three tasks. These tasks were making an appointment, adding a new contact and 
creating an e-mail. The tasks included a set of specific criteria which needed to be met in.order for the tasks to be 
fully completed. · 

Observation showed that subjects who had previously used Microsoft Outlook 2003 did not necessarily know how 
to make an appointment meeting the criteria requested. Observation of this task showed that it was not performed 
any faster by the subjects with more experience than those with less experience using Microsoft Outlook 2003. The 
time required to complete the first task of creating an appointment ranged from 45 seconds to three minutes. The 
longest time to complete making an appointment was attributed to _ a participant who uses Microsoft Outlook 2003 
daily. The problem that a few of the participants had was realizing that the calendar icon on the side task bar 
allowed them to make an appointment. A few of the participants were looking for something that actually had the 
word "Appointment" written on it. By using context, they were able to figure out that the calendar gave them the 
option to create an appointment on a set time and date. · 

The time to complete the second task of adding a new contact to the address book took five participants one minute 
to complete while one participant took two minutes and thirty seconds to complete this task. Once again, the user 
that took the longest time to complete this task uses Microsoft Office 2003 on a daily basis and has significant 
computer experience. While completing these tasks all of the participants' errors were consistent. One of the other 
criteria to complete this task was to place "Student" as the profession. · Some participants placed "Student" as the 
Job Title and had to be infonned that this was incorrect as Microsoft Outlook 2003 has another tab that allows a 
person's profession to be entered. The participants did not have a thorough knowledge of the different options 
available in the address book. 

The time to complete the third task, creating an e-mail, ranged from two minutes to three minutes and 30 seconds. 
Unlike performance with the other tests, the user who took the longest time had only some computer experience and 
uses Microsoft Outlook 2003 on a weekly basis. This task was notably the most difficult for participants to· complete. 
Difficulty occurred while attempting to add a request for a read receipt to the e-mail; all of the participants showed 
signs of frustration. Hints had to be given to participants that it was an option on the toolbar. This guidance helped 
them to realize that by clicking the option icon on the tool bar that they would be given the option to request a read 
receipt. 

Post-test survey 
The Post-test Survey was designed to allow the user to describe the ease or the difficulty of completing the assigned 
tasks and to make recommendations. Five of the six participants described task one, making an appointment, as 
easy. The participant that took the longest time to complete this ~k described the task as moderately ·difficult. For 
task two, the level .of difficulty to complete this task varied. Four of the six participants described task two, adding a 
new contact, as easy; however, two participants described it as moderately difficult. For the last task, creating an e
mail, four out of the six participants described this task as moderately difficult. One participant thought that the task 
was easy and one of the participants thought it was difficult. Although five of the participants had difficulty 
completing the last task a few of them commented that their use of the help menu depended on how much they 
wanted to know how to do something. They also commented that Microsoft Outlook's help menu is very easy to 
~e and that it instantly provided them with the information they needed. Overall, 50%, or three out of six 

. participants, found task one to be the easiest to complete while 33% or two out of six participants found task two to 
be the easiest to complete. Only one ·participant found task three to be the easiest task to complete. 83% or five out 
of the six participants found task three to be the most difficult to complete while only 17% or one out of the six 
participants found task one to be the most difficult task to complete. The participant that found task one to be the 
most difficult task is also the same participant that found task three to be the easiest task to complete. · 
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DISCUSSION 
The discussion section includes the participants' recommendations, as well as what they liked the most or the least 
about Microsoft Outlook 2003. 

Most liked about Microsoft Outlook 2003: 
The ability to preview ·e-mails and the mail folder from the same screen. The blue and white screen makes text 

. easy to read. 
The many different e-mail and calendar options (the number of features in general). 
The overall layout remains consistent for making an appomtment, creating an e-mail and creating a contact. 
The new version is very consistent with previous versions. 
Ability ·to synchronize data with a PDA. 

Dislikes about Microsoft Outlook 2003: 
Not very intuitive. 
There-are too many options which are often too complex to use; something simpler would be easier to use. 
The screens are too cluttered. 

Recommendations that could be made to improve the usability dfMicrosoft Outlook 2003: 
Put a create mail icon instead of just a new icon . 

. The screens should be a little more spaced out to reduce clutter. 
Make features easier to find. 
Important actions should be made more easily accessible . . 
Make it more intuitive. 

CONCLUSION 
In conclusion, the overall study of the participants suggests that Microsoft Outlook 2003 has some good usability 
features, as well as some areas for improvement concerning its usability features. Some of the good usability 
features of Microsoft Outlook 2003 are its consistency with its previous versions, its layout ( which makes it easier to 
read), the features in the program that support the users in carrying out various tasks and the help menu and 
contextual icons which make the program easier to learn. People who use Microsoft Outlook 2003 many times and 
learn the program's features find it easy to remember how to use the program and the ease of their remembering 
features increases. · 

Some of the areas that created the greatest amount of dissatisfaction for the participants include the request for read 
option, the complexity of the program and the fact that the users did not know that so many options existed. If 
Microsoft were to create their next version with options like "request for read" directly on the tool bar, it would be 
more aesthetically pleasing for many user and users would be able to enjoy more functionality of the program. 
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ABSTRACT 
A literature review was conducted on leading and trailing silence in Wake-Up-Word (WUW) speech recognition 
(SR) in which a proper name is used as an attention-grabbing word as in natural human discourse. The research is 
the preliminary stage of a prosodic-based Automatic Speech Recognition (ASR) experimental design which will 

· utilize WUW. 

. INTRODUCTION 
A literature review was conducted on leading and trailing silence in Wake-Up-Word (WUW) speech recognition 
(SR) using natural discourse as a model. While the problem of prosody is well understood, very little has been done 
to incorporate those prosodic features that include pre- and ·post- word silence, into speech recognition systems. In 
WUW, a proper name is used as an attention-grabbing or alerting word. This paper is initiating the effort of filling 
this gap regarding SR and prosody and more specifically WUW-SR. There is a substantial body of literature on SR 
studies and WUW phrases. However, there are very few syntheses of WUW and SR research strategies .. This 
research gap motivated the development ofa WUW-SR experimentaf design.. The ultimate objective of this novel 
approach is the development ofa prosodic-based ASR system which will utilize WUW. The result of this study will 
lead to the development of a new generation of WUW SR that is more robust and effective in performing WUW 
recognition using only prosodic features. · 

LITERATURE REVIEW 
Human-Computer Interaction 
Human-Computer Interaction (HCI) is an interdisciplinary design science that combines the data-gathering methods 
and intellectual frameworks of experimental psychology with computer science tools to create effective interfaces, 
business success stories, and Wall Street sensations (Shneiderman & Plaisant, 2005). The ever-changing and 
growing field ofHCI has contributors ranging from industrial psychologists, instructional and graphic designers, 
human factors and ergonomics practitioners and researchers, to anthropologists~ sociologists, economists, lawyers, 
privacy advocates, and ethicists as stated by Shneidennan & Plaisant (2005). HCI is rooted in three main ·areas: 
Industrial Engineering, Human Factors, and Cognitive Psychology (S~ento, 2004). HCI is mainly concem~d 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 
help ensure effectiveness. 

Application ofHCI in technology results in us~bility, universality, and usefulness (Shneidennan & Plaisant, 2005). 
Usability is a quantitative and qualitative measurement of the design of a user interface. This measure is grouped 
into five key factors: leamability, efficiency, memorability, errors, .and satisfaction." The five factors discussed in 
the definition above are based on Nielson's (1993) five attributes; Leamability refers to the ease of use in learning 
the system, permitting users to quickly begin their system tasks. Efficiency measures how productive the system 
user can be once (s)he has learned the software. Memorability measures the user's ability to recall how to use the 
system after a specified period of time has elapsed. An ex~ple would be an individual who goes on vacation for 
three weeks being able to immediately remember upon return how to use a system. Usability measurement also 
involves the number of errors that users make and evaluating the ability to recover from an error. The last measure is 
the level of satisfaction users derive from interacting with the system. Satisfaction measures primarily evaluate how 
pleasant the system is to use .. 

Usability Testing 
The most fundamental usability method to acquire direct information on how people use technology and the 
challenges they face is usability testing (Nielson, 1993). Many of today's con:iputer systems and websites are user
centered designs because feedback from users is irreplaceable (Kubie, Melkus, Johnson, & Flanagan, 1996; Nielson, 
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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 -assistance. In performing usability testing, selecting a target user sample truly representative of 
the user population must be accomplished (Laz.ar, 2001.). The users are then recruited. The setting of the test can 
vary. _A usability laboratory tan be used for a controlled experiment. A workpla~e test can be used to evaluate the 
user in the normal work environment during a routine work day. There is also web-based usability testing 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 ~an also disclose 
pertinent design feedback (Augustine & Greene, 2002). However, usability can be dif:Jicult to measure.as users' 
reactions can vary by region and ethnic or cultural background (Riedman, 2000). The different categories of 
usability tests consist of performance measurement, thinking aloud protocol, coaching method, retrospective testing, 
constructive interaction, and questionnaires (Nielson, 1993; Lazar, 2001). Performance measurementtakes 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 
aioud protocol exists when users vocalize their thoughts and therefore share their positive and negative · 
interpretations of differ~nt website features. The coaching method enables the users to ask questions and receive 
answers which in turn give researchers insight into the type of help documentation or technology design needed. 

, Questionnaires are also a form of testing as they provide an opportunity to gather more usability feedback after a 
testing session. Nielson (1993) discusses retrospective testing which consists of a videotaped usability test. The 
videotape is played back while a user is present so that freely-flowing discussion between the user and experimenter 
can better assess the technology. Constructive interaction is another type of testing where two users work together 
to solve the problem enabling the experimenter to capture all the comments made by the users. 

Prototyping 
Prototyping provides a means for a potential user to actually interact with a product. It also provides a method for 
designers of the products to obtain feedback that can be incorporated into the next design iteration for the product. 
There are two forms of prototyping: high-fidelity and low-fidelity (Preece, Rogers & Sharp, 2002). High-fidelity 
prototyping resembles a prototype that looks very close to the final product. This form of prototyping is best for 
selling ideas and testing out technical issues. Low-fidelity prototypes do not resemble the final product as they often 
use very different material. There are different forms of low-fidelity prototyping such as storyboarding, prototyping 
with index cards and Wizard of Oz (WOZ). Storyboards are a series of sketches showing potential users how a task 
is performed in using the product being designed. Prototyping with index cards uses actual index cards as a way to 
provide interaction. For example, if a website drawing shows a link, the user can touch the link on the piece of 
paper. Then, the experimenter will show a different index card indicating that the content of the link is displayed. 
Each card represents a different screen. WOZ (featured in the present study) is utilized for software-based 
prototypes. A user performs functions on one computer that is linked to another computer where a person is actually 
simulating the software's responses. WOZ testing is less expensive than actually having a technician develop and 
configure a software product. B~ed on a user's input, the person simulating the software can actually try different 
responses to identify user preferences. 

· Automatic Speech Recognition (ASR) Usability Testing 
Speech as an input modality is not as widely accepted as ·the keyboard or ·mouse (Halverson, Hom, Karat, and Karat, 
1999). Although speech interaction is a natural form of communication, it does not readily transfer to human
computer interaction. When examining ASR products, researchers tested IBM Via Voice 98 Executive, Dragon 
Naturally Speaking Preferred 2.0, and L&H Voice Xpress Plus. These products all recognize continuous speech and 
are mode less systems. The purpose of the study was to identify whether speech input was substantially different 
from keyboard and mouse input for text creation tasks. It was also of interest to test the use of various coding 
schemes to capture behavioral aspects of interest. The two types of text creation studied were transcribing existing 
text and composing new text. The study compared both keyboard and mouse input with speech input for both tasks 
for each of the three speech recognition products. All sessions were videotaped. A ~oding scheme comprised of 
100 codes was_ used to represent observed behaviors. The benefits of using schemes are that the data are more easily 
reviewed, data are better organized, and codes require researchers to fit each data entry into a specific pattern. 
These features provide a deeper knowledge of the specific problems that .can exist, thus facilitating correct 
pri~ritiz.ation. Examples of the high-level codes are user behavior, user problems, and system problems. Within 
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. each category are lower-level codes; e.g. basic user actions which contain 28 codes. Overall, the coding scheme is 
helpful in that it enables the researche~ to better understand subtle and not-so-subtle problems with speech 
applications. Several usability issues associated with desktop dictation systems were discovered. Many of the 
issues identified would not have surfaced without the use of the coding schemes. 

Hsieh, Lam, Lin, Park, and Tse (2005) performed a low-fidelity WOZ test on a PDA to obtain a better understanding 
of the voice interface. The "wizard" in the test was played by a team member. The prototype consisted of a WOZ 
voice interface written on a piece of paper and a physical button interface on a wireless Ethernet card case. The 
button interface consisted of six tactile buttons made from note cards and taped to a rectangular plastic case. The 
device itself had three main applications which were Address Book, Date Book, and Memo. The address book 
application had features consisting of Add, Find, Change, and Delete-A-Contact functions by saying the 

. corresponding keyword. An example of how the test was conducted is that the user would add a contact and the 
Wizard would walk the user through the fields. The potential user would actually say terms such as "change" or 
"delete" and the Wizard would prompt the user for confirmation. In this particular study, there were three 
participants tested in either their home environment or a familiar environment. Each user would perform three tasks 
and could not move to the next test until the current task was completed. All five researchers were present during 
each interview session with the participant and took on responsibilities such as serving as the greeter, observer, 
Wizard, and facilitator. The greeter was responsible for bringing the participant in and having the informed consent 
f~rm filled out. The facilitator read off each task. The observers took notes while the user used the prototype. The 
Wizards acted out the responsibility for the computer, microphone, and speaker. The testing revealed how the input 
commands were used by the potential users as well as their reactions to the outputs regardless of the low. level 
details present in the prototype. Researchers gained insight into the user's conceptual model and how it differed 
from the design model. 

Daniel Woo (2000) discusses the challenge of designing systems in which speech input prompts spoken dialogues 
that fulfill useful tasks for human users. He performed research utilizing the Macintosh AppleScript addition that 
provides an interactive speech capability. The research resulted in the identification of several factors that influence 
success of an interactive speech application. First, the design should be built for both the novice and expert user. 
The novice user will require more assistance, while the expert user will want to use shorter prompts to enable 
quicker navigation. Furthermore, if systems are not often used, verbal assistance may be necessary to remind users 
of a list of possible options available for performing commands. Second, the Macintosh in general has strongly 
contributed to design consistency of user interfaces between applications. The rationale is applicable to speech 
applications because familiarity could lead to a more successful interface. An example of consistency with speech 
applications is to provide users with similar options as currently available without speech such as Cancel, ·Quit, or 
Help options. Third, the prompts should guide the user to say a phrase from an accepted set of responses to enable 
success for the user. Fourth, design consideration should be given to whether reading of all features is in the best 
interest of the user. Perhaps breaking down questions into smaller questions may be more feasible for users who 
would dislike having to review so many questions. Fifth, designers need to be cautious with regard to the use of 
commands that sound similar as reliability of the speech application could be decreased. Sixth, short phrases or, 
when practical, a one-word response is preferred due to less complexity for the user. . 

Several opportunities to improve current speech applications have been identified (Woo, 2000). Current technology 
is available that would provide directed dialog applications which would use "- bounded set of responses for a given 
set of questions. Ap_pleScript together with speech could be replaced or enhanced through "Wizards". Multiple 
choice style questions could also be developed allowing users to answer using "A", "B", "C" or "D". If the above 
were to be combined with an interface that displays images, applications could enable users to navigate using kiosk 
style technologies. Limitations, however, still exist in that the system is not as robust as human-to-human 
interaction as background noise can impact success. Text-to-speech when being played cannot recogni;ZC speech in 
continuous mode. Different accents are a design challenge with adult speakers. Similar sounding words, as 
discussed previously, can also pose a limitation. Educating users on the limitations may be the best route to avoid 
user frustration. In the interim, usability testing can be achieved with speech applications in the form of interviews 
or role-playing with potential use~ independent of a speech recognition system. This would provide insight into the 
appropriate wording of questions and responses as a basis for identifying which phrases are well-recognized and 
which are not. 
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Models of Spoken Word Recognition iu Humans 
The process by which humans routinely and successfully identify a·spoken word is a relatively recent topic in the 
scientific study of language (Jusezyk and Luce, 2002). Until about the 1970s, psycholinguistic research 
concentrated on the fundamental components of language ( distinctive features, phonemes, and morphemes) while 
leaving lexical and syntactical levels largely unexplored. However, recent rese~chers are increasingly addressing 
that omission, resulting in several promising models. The earliest and most influential of these is the Marslen-

- Wi1son Cohort theory (Marslen-Wilson and Welsh, 1978). In this model, the cohort is all stored words that begin 
with the same initfal segment as the spoken word ( e.g. el- in elbow, elementary, elephant). The entire cohort is 
activated when the initial segment is perceived, and then progressively winnowed as the input segments continue. 
The strength of this model has always been its elegant explanation for the earliness of word recognition, essential for 
minimal response latency in verbal communication. Alternative models include Trace, Shortlist, and Neighborhood 
Activation, as well as blends and variations of these. The McClelland-Elman Trace model strongly influenced by 

· connectionism, emphasizes excitatory connections, with lateral inhibitions, from distinctive features to phonemes to 
target word (McClelland and Elman, 1986). Although this model has leant itself readily to computational 
simulation, its psychological realism has increasingly been open to question. Connectionism has also influenced 
Norris' Shortlist model, in which all words which match the bottom-up speech input compete with one another for 
recognition (Norris, 1994). Lexical competition is also a critical feature of the Luce-Pisoni-Goldinger 
· Neighborhood Activation Model (NAM) (Luce et al., 1990). NAM specifies that a stimulus word will activate a set 
of similar-sounding acoustic-phonetic patterns in memory. "Word-decision units" then decide which pattern best 
matches the input word. An important prediction of NAM is that a spoken-word input with many similar-sounding 
words should be processed more slowly than a word that has fewer similarities. 

As is typically the case with competing models in any rapidly developing area of science, each viewpoint has 
valuable features and overlaps to some extent with its rivals. The ability of Cohort to explain the earliness of word 
recognition has already been noted. To this observation we could add that the other three models (unlike early 
versions of Cohort) provide for inhibitory interactions in which representations activated by the incoming word 
compete for recognition. All four models considered together thus make a plausible case for an "activation-

. competition" model as capturing the essence of spoken-word recognition. Difficult questions remain, however, 
which may require significant revision of all or several of the models, or perhaps, as the present research proposal 
suggests, a new model altogether. For example, it is uncertain if the bottom-up "autonomy" property, recognizing 
repeated instances of a spoken word despite speaker variation and without top-down syntactic or semantic _ 
interaction, can operate reliably in all instances (Norris et al., 2000). This question is clearly relevant to the 
development of ASR systems, including the present proposed research. Also, given the obvious adaptive 
significance of sophisticated verbal communication in humans, it would be surprising if multiple word-recognition 
processes, including feedback as well as feed-forward strategies, did not operate in parallel. Thus, processing 
prosodic features (see below), such as evaluating the different stress pattern in recent and receive, could possibly 
result in word recognition.prior to the "divergence point'' (as stipulated in Cohort) (Cutler and Norris, 1988). 
Additionally, feedback, more commonly called "backtracking", which almost certainly operates on the syntactic 
level, might also be utilized in single-word processing to minimize "garden-path" lexical errors (For discussions of 
backtracking on the syntactical level see Grosjean, 1980). This feature may be of particular significance in 
accommodating rapid speech and speaker variation. Thus, in the speech of one of us (Wallace) the voiceless labio
alveolar t in bottle or battle is voiced in rapid speech as d ( even as an isolated word), thus generating boddle and 
baddie. In the first target, bottle, backtracking would permit an initially eliminated word-set (all words beginning 
with the segment bot-) to be maintained in a buffer. This set would be re-activated, and all bod-, segment words 
such as bodily, body, bodice, sim·ultaneously inhibited as the bod- hypothesis fails. The problem of speaker 
variation is also related to the stored lexical representation, the precise structure of which is a fundamental and 
unresolved question (McClelland and Elman, 1986; Luce and Pisoni, 1998; Hintzman, 1986). Are the "surface" 
features of a word, i.e. the acoustical properties unique to a particular speaker, discarded early in processing 
(Normalization model) or episodically stored (Exemplar model)? Although most investigators favor Normalization, 
in which words are represented by highly abstract phonological codes, a vigorous minority supports Exemplar, in 
which a new representation of a word is stored in memory each time the word is encountered. Answers to these and 
similar questions will clearly play a significant role in formulating better. models of word recognition in humans, as 
well as in de~igning reliable ASR systems. 
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Prosody of Speech 
· The hope that motivates the present research is that prosodic cues applied to WUW recognition will enable the 

development of algorithms that can distinguish a WUW word from that word in a referential context. For example: 

1. "I would have done anything to prevent what happened to John " 
2. "John, may I have a glass of water?:' 

In the first case, "John" was used in a referential context, and not as a request for attention and response. In the 
second case however, the proper name "John" was used in the context when a request was made requiring attention 
or response. Clearly, the second sentence exemplifies the WUW context. 

This study provides an approach that should prove useful in understanding and hopefully identifying relevant 
features of speech that can discriminate WUW context from non-WUW or referential contexts. From the previous 
definition of WUW recognition it can be inferred that WUW is significantly more difficult than Key-Word 
Recognition. WUWrecognition is a Key-Word recognition task where a non-attention grabbing word is rejected. To 
perform an appropriate rejection of the same key-word based on its context it is necessary to augment the 
conventional features used in Key-Word recognition with additional features. It is anticipated that the proper context 
can be inferred from prosodic features .alone. Nooteboom's (1999) study of prosody provides a basis for the 
approach in which the roles of Melody and Rhythm are of particular importance. 

Melody is defined as speech intonation interpreted as the ensemble of pitch variations in the course of an utterance 
(Hart, Collier and Cohen, 1990). It has been shown that "close-copy stylization", defined as a synthetic 
approximation of natural course of pitch (i.e., fundamental frequency fo of the _speech sound) must meet two criteria: 
it shouid be perceptually indistinguishable from the original, and it should contain the smallest possible number of 
straight-line segments with which this perceptual equality can be achieved. The work of de Pijper (1983) 
demonstrates that pitch curves of natural utterances can be simplified to sequences of straight-line segments in the 
time - log fo domain without any noticeable difference between the original and close-copy pitch curves. Thus, once 
an inventory of pitch movements for a particular language is defined, it should be possible to generate sequences of 
such pitch movements. The sequences would then constitute acceptable melodic realizations for speech utterances. It 
turns out that not all possible combinations of such sequence patterns are possible for a language. Furthermore, it is 
predicted that a highly specific pattern or, in the worst-case scenario, a few specific patterns distinguishing WUW 
will emerge. 

In the study of speech sound rhythm it is worth noting that sound and silent interval durations which are shorter than 
about 40 ms and longer than about 250 ms are less accurately perceiyed than those in between these values. Very 
short intervals, shorter than 40 ms for silent intervals and shorter than roughly 20 ms for filled intervals, do not seem 
to have subjective durations (see Burghardt 1973a and 1973b ). Moreover, although studies of intonation suggest that 
natural pitch contour can be replaced with a highly stylized approximation without perceptible changes, the same 
can not be said for melody. The reason for this is the multifunctional nature of speech sound durations that are 
affected by several highly divergent factors in production and affect a great number of highly divergent aspects of 
speech perception. Since word boundary is expected to play a significant role in the identification ofWUW, it is· 
worth noting that acoustic/linguistic segments at word boundaries tend to be somewhat longer than segments within 
words. In order to model complex interactions between many different facto~ affecting syllable and segment 
durations many factors must betaken into account (Nootboom, 1999). This requirement in turn necessitates rather 
large databases and sophisticated statistical analyses to get an accurate impression of the factors involved and their 
quantitative interactions necessary for the design of the WOZ experiment. Nevertheless, for the defined WUW 
problem, speech pauses are expected to be confirmed as tlie primary distinguishing factor. Notboom (1999) also 
notes that "speech pauses are an integral part of temporal patterning, and play an important role in speech 
perception". However, further study should clarify the distinction of acoustic silent intervals and perceived speech 
pauses and its relevance to WUW. This is due to the fact that not all silent intervals are perceived as speech pauses. 

Finally, it should be noted that the proposed conclusions and solutions to the WUW problem should take into 
consideration human perception based on short term memory functions. The system should account for the fact that 
a great deal of human speech is rapidly produced. A large number of phonemes are grossly degraded to the extent 
that they become unidentifiable without context, or even completely deleted (Notboom, 1999). Degradation of 
segmental structure requires additional support from supra-segmental, prosodic cues. From these cues a "listener'' 
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can differentiate between more important and less important information as coded in accent patterns. Also, the 
listener can organize the message in chunks that are easily processed and at the same time semantically revealing. 

From proper integration of melodic and rhythmic cues·, a more powerful recognition ~ystem can be developed that 
more closely approaches human capabjlities. For ex~mple, experiments suggest that recorded messages of the same 
speaker can be separated without the spatial directional hearing. This separation in the absence of directional cues is 

· possible mainly on th_e basis of pitch continuity. 

Accent or emphasis of a word (i.e., WUW) is expected to be of prime importance. Although general rules of how a 
word can receive this so called 'focus' are not particularly ~ell understood, they may be discJ:rnable in the case of 
WUW. This fact is also supported by the conclusion that speech pauses that are melodically marked are likely to be 
made at a predictable phrase boundary. Speech pauses that are only realized in temporal pattern, and not in the 
speech melody, appear to be less closely related to syntactic and metrical structure. These may either be hesitation 
pauses, or pauses used to other stylistic ends. Nevertheless, incorporation of prosodic cues will be very important to 
WUW-SR considering that high quality speech without grammatical speech pauses within sentences can be highly 
intelligible and acceptable. This remarkable feature of human discourse requires the WUW-SR to distinguish WUW 

-context from prosodic information alone without significant silence cues. 

WAKE-UP WORD (WUW) EXPERIMENTAL DESIGN 
The ultimate objective of the WUW investigations is to design a prosodic-based Automatic Speech Recognition 

· · (ASR) system that w~mld discriminate with high reliability between a target word having a wake-up or alerting · 
status (WUW) from that same word in a referential status (REF). An example of WUW would be the word "Alex" 
in "Alex, I need to talk to you." Alternatively, REF would be exemplified by the sentence "Today I talked to Alex 
on the phone." The rationale for a prosodic based system is its relative simplicity. All prosodic features can be 
generated by only three parameters: fundamental frequency (F0), energy, and duration (Milone and Rubio, 2003). 
This simplicity contrasts markedly with almost all conventional ASR approaches based on phonemic and/or lexical 
features (For an overview of ASR see Campbell · 1997). The rationale for developing a WUW recognition system is 

. its potential usefulness in speaker identification and word recognition m continuous speech. By means of a single 
input word, an ASR system would adjust its settings to the distinctive prosody of the speaker. Subsequent word 
recognition in continuous speech would utilize Hidden Markov and other statistical algorithms. 

The experimental method would exploit a video-game-design framework as the fundamental -feature ofa WOZ 
methodology. It should perhaps be pointed out that video games (actual and non-actual) are increasingly being 
utilized in scientific research, including medical applications in dyslexia and auditory processing disorders (Tallal et 
al., 1996; Temple et al., 2003). They also effectively sustain the interest of experimental subjects (particularly 
younger people). (For a pioneering discussion of fun in human-machine interaction, see Chan and Khalid, 2003). 
Video game research poss-ibilities have been recently reviewed in Squire (2005). The speaker would be told that 
(s)he has been enlisted to assist in the design of a voice-activated, multiple-scenario video game. Animated 
characters in the "video game" would appear to respond to the subject's vocal commands which (s)he would select 
from a pictorial menu. The use ofa pictorial menu avoids the problem of a ''reading voice". For example, three 
characters would be Xanth, Yoruba, and Zorn. For the first scenario, the speaker would be presented with a pictorial 
menu in which 1) Xanth is depicted going into a castle alone. 2) Yoruba is depicted entering the castle, leading 
Xanth by the hand. 3) Zorn pushes Xanth through the door of the castle. These three choices generate a high 
probability that the target word (Xanth) would be used either in a wake-up-word status ("Xanth, go into the castle!") 
or a referential status ("Zorn, push Xatith into the castle!"), depending upon _the choice of the speaker. Subsequent 
scenarios would similarly be designed to elicit wake-up or referential target-word utterances. Althdugh the speaker 
believes that the objective is to design a voice-activated video game, the actual purpose is to record a large sample of 
wake-up and referential utterances for subsequent prosodic analysis. For this purpose, a WOZ method will be 
employed. 

WOZ, increasingly used in ASR design, is the intellectual descendant of the Turing Test (Turing, 1950). The latter 
test, as originally formulated by Alan M. Turing (1950), involved a person separated by a barrier from another 
person and a computer. Through communicative structure alone, the person is requrred to.distinguish which is 
which. In WOZ, the person is separated from another person by a barrier, but believes himself to be communicating 
'Yith a computer. The objective in all WOZ studies is to perpetuate this illusion as a means of gathering data 
(DahlbAck et al., 1993). In the present study, the voice commands of the subject will be audible to the hidden 
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experimenter (the Wizard). Following each command, the Wi.zru-d will activate an animated scenario, producing the 
illusion of a computerized response. ~imultaneously, all voice input is being recorded for subsequent analysis. 
Through the use of multiple "video game" scenarios and multiple speakers, it should be possible to rapidly acquire a 
substantial data base of wake-up and referential target-word utterances. 

CONCLUSION 
The most fundamental usability method to acquire direct information on how people use technology and the 
challenges faced is usability testing (Nielson, 1993). Halverson, Hom, Karat, and Karat (1999) discusses how 
although speech interaction is a natural form of communication, it does not readily transfer to human-computer 
interaction. Through the review ofliterature on usability and leading and trailing silence in Wake-Up-Word 
(WUW) speech recognition (SR) human discourse as a model an experimental design for a WUW /WOZ study was 
identified. The future study will fully examine leading and trailing silence through conducting a WOZ experiment 
that is a cost-effective and not overly complex. _ The experimental method will exploit a video-game-design 
framework as the fundamental feature of a WOZ methodology. Through the use ofmultiple "video game" scenarios 
and multiple speakers, it should be possible to rapidly acquire a substantial data base of WUW and REF target-word 
utterances. This study provides an approach that should help in understanding and hopefully identifying prosodic 
cues_ that can reliably discriminate WUW context from ~F or rion-WUW contexts. 
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VIRTUAL MODEL USA.BILITY TESTING 

Nadi~ge Destang, Nikolas Avellaneda ~d Rene Vargas 
Florida Institute of Technology 

ABSTRACT 
Members conducted a usability test on the Lands End Virtual model. They tested whether participants enjoyed the 
virtual model, whether it was easy to use, and what improvements were necessary. Participants in test age range 
were 18-25; 4 males and 2 females. · 

The test involved customizing a male virtual model to preset specifications in body type and facial appearances. 
Users were then asked to try on preset clothing options on the model, and use various features of the agent such as 

· zooming and rotating. Responses of users were recorded. 

INTRODUCTION 
Toe software selected for testing was the Lands End virtual model. Our team members decided to test this model 
because the technology has been around since 1997, yet ·it is not a popular tool employed on clothing websites. We 
discovered that not many persons knew about virtual models, and therefore we decided to perform a usability test on 

· the model in order to obtain persons' responses and input on it: 

The virtual model was actually created by two entrepreneurs, Louise Guay, Ph.D., and Jean-Fran~ois St-Arnaud who 
own the company My Virtual Model Inc. In 1993, the two joined forces to b~ild one of Canada's leading multimedia 
agencies, Public Technologies Multimedia Inc. (PTM). The first release of My Virtual Model in 1997 was a major 
breakthrough in online customer service. In 2000, PTM became My Virtual Model Inc., in recognition of the 
company's focus on the online apparel shopping market. My Virtual Model Inc. has set the standard for online 
apparel shopping. Two core technologies- My Virtual Model™ Dressing Room an,d My Fit-enable consumers to 
"try on" clothes on the Internet (mvm.com). 

The Lands End virtual model uses both the My Virtual Model Dressing Room and My Fit technologies. It allows 
you to choose either gender - male or female, and customize that model to look similar to yourself. The model can 
be customized by changing its: 

❖ Facial features 
❖ Hairstyles and Hair color 
❖ Beard Styles (for men) 
❖ Body frame and build 
❖ Body measurements 

Also, the model allows you to irtput your clothing fit measurements such as your bust and hip measurements, and 
inseam measurements. · 

After customizing the model to closely match your appearance and to have your measurements, the-program then 
allows you to try various style clothing on the model, to see how it would look on you before you buy it. You are 
also allowed to change the color-of the clothing to the available colors that Lands End carries. The model also 
suggests various clothing that may go with what your model is wearing. For instance, if you choose a dress pants, 
the model will automatically suggest various shirts, blazers, and shoes that go well with the dress pants. The model 
also suggests clothing that best fits your clothing measurements. 

LITERATURE REVIEW 
The following articles were used as reference guides to assist in the usability tests. 

Levels of Automation and User Participation in Usability Testing 
This article gets in depth with details about the different methods ofusability testing (Norman, 2004).The article 
begins with different methods of testing including subjective rating and history files. It then continues with different 
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factors that affect the testing results like user participation, number of participants, and presence of observers with 
accompanying graphs for each~ · 

Perfect Fit - My Virtual Model Inc. expands· utility of its online software · , 
This article is about the actual company that 4esigned and implemented the virtual agent for Lands End (My Virtual 
Model Inc, 2001 ). In ·tlie article,- the company gets into detail about their virtual model and its capabilities. 

The Fine Art of Usability Testing 
This article explains briefly what usability testing is, and how to set up your testing to get the results that you desire 
(Greiner,. 2005). 

Usability and User Perceptions of a Thesaurus-Enhanced Search Interface 
In this article, the author discusses the usability of a thesaurus-enhanced search interface (Shiri, Revie, 2005). The 
participants were asked about the qualities of the interface, such as: "ease of use, ease oflearning, ease of browsing 
and navigation, problems arid difficulties encountered while µiteracting with the system, and the effect of browsing 
on search term selection". The author then brings into point how the end-users adapted to the new search interface, 

· and how the different knowledge levels were able to use it. This would relate to the virtual agent testing due to its 
dependence on the level of knowledge needed by the participant' in order to able to understand what tasks are 
required, and h~w they need to be accomplished. 

Standard User Interface in E-commerce Sites 
In this article, the author discusses the current problem for users trying to access different e-commerce sites with 
different controls and organizations (Shin-Ping~ Tucker, Koh, Kappelman, 2003). With these differences, users may 
run into problems of understanding each different site. The investigation concluded that there should be one standard 
user interface for all e-commerce sites to help with usability, and consequently this wou~d encourage e-~ommerce. 

METHODOLOGY 
The methodology for the project includes the methods, procedures, and techniques used to collect and analyze all the 
information for the usability test. The following are the steps that were performed during the project. 

1. Selection of test object 
The Lands End virtual model was chosen because it represented how virtual agents can assist users on the 
internet. Our group members felt that it was a useful tool in internet shopping, and wanted to gather 
additional opinions on virtual agents. 

l. Development of testing documents. 
The following testing documents were developed: 

a. Informed Consent Form: Form given to participants prior to beginning the usability test that 
participants have to sign in order to continue with the usability testing. 

b. Use of Human Subjects Form (IRB Form): Internet Form to be approved by the Florida Tech 
Internal Review Board with a participant consent form attached. 

c. General_Instructions: Set of instructions that are typed and given to each participant on topics 
such as the risk of the test, etc. 

d. Pre-Survey: This .is a survey given to participants prior to beginning the usability testing. 
Questions for the survey were designed to obtain information about participants' computer and 
internet knowledge level, and to· find out if participants have encountered virtual agents before. 

e. Task Instructions: This is a typed set of ~s~ctions given to each_ participant at the beginning of 
the testing that explains the tasks that each participant is expected to complete during the test. 

f. Usability Testing Form: This is the form that the experimenter uses to record observations made 
during the test, any comments or errors made by the user, and the experimenter comments 

g. Post Survey: This is a survey given to participants after the usability testing has been completed. 
It consists of questions to help gather additional usability information. Questions for the survey 
were designed to obtain information about participants' e~perience using the virtual model, their 
comments, and their suggestions. · 

3. Preliminary testing. 
-One male stude~t was given the usability test prior to the actual testing. This was done to ensure that the 
testing went flawlessly, and to pick out any errors, and improvements that could be made. 
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4. Revision of task instructions. 
After the preliminary testin~ was conducted, changes and improvements were made to clarify the task 
instructions. The instructions were also made more specific. 

S. Recruitment of participants for test. · 
. Participants were randomly selected from the Florida Institute of Technology student and staff population. 
Four males and two females were ,randomly chosen. 

6. Preparation of testing environment. 
We strived to keep the testing environment as constant as possible. All participants were all tested using: 

• Windows XP operating system 
• Florida Tech campus network 
• Internet Explorer 

7. Development of tasks. 
Specified tasks were chosen to allow users to fully understand and use the Lands End virtual model. Tasks 
such as changing facial features and body type were chosen to allow users to see that they could modify the 
model. Various clothing options were also chosen to allow users a preview at how the model functions, and 
how the clothes fit the model. 

8. Conduction of tests. . 
tests were conducted on random days at the convenience of participants. 

9. Collection of results. 
Results from the testing were collected through pre and post surveys, observation, and through interviews 
with the participants following the tests. 

10. Preparation of results. 
Results were gathered, analyzed, and summarized after all testing was completed. 

RESULTS 
The results of the usability tests are based on observation of participants, and on participant's responses to 
surveys/questionnaires. Four men and two women were tested. 

Pre-Survey Results 
The following table summarizes the results of the closed-ended questions asked in the pre-surveys. 

PRE SURVEY RESULTS 

TASK YES 

Have ou ever used the ·internet? 6 

Purchased from internet? 4 

Purchased clothin from internet? 2 

Visited LandsEnd.com? 0 

ent before? 0 

6 

6 

Table 1: Summary of closed7ended questions for pre-surveys 

In addition, the users also identified their ethnicities. There were 3 African American males, one Arab-American 
male, and two Caucasian females. 

Post-Survey Results 
The following table summarizes "the closed-ended questions asked in the post-surveys. 
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POST SURVEY RESULTS 

TASK YES 

1 

s 
6 

Table 2: Summary of closed-ended questions for post-surveys 

In addition, participants were asked why they answered Yes or No to the closed endecfquestions. The five 
participants that found the model enjoyable gave the following reasons: 

• It was new and interesting venue towards buying clothes online. 
• They had never experienced using a virtual model before. 
• It gave them an idea of how they would look in the clothes. 
• It was fun 

One participant found the experience unpleasant because she disliked the look of the models, and she wanted to test 
a female model. 

It was also found that all the participants found the virtual agent useful becaus~ it would allow them to visualize how 
clothes would look on themselves and their body before they actually bought the clothing. Many thought it should 
be implemented at all clothing websites. 

Observation and Interviews Results 
Other information was obtained from participants through observation and interviews. Through these methods it was 
discovered that all participants thought that there were not enough facial choices to represent the various ethnicities. 
It was also discovered from one user that the models did not represent mature individuals. When the face was 
changed to look "More Mature", there was no visible change in the face; the model still looked young. One 
individual suggested that the agent should recommend clothing that would suit the model's body type and fit. 
However, the agent already had this feature. One participant also suggested that the website should allow users to 
use a webcam to take a snapshot of their face, and then place their face onto the model. 

CONCLUSION 
In general, the team found the Lands End virtual model to be a very useful internet tool in helping users purchase 
clothing. Users found that the agent was useful because it helped them visualize how the store's clothing would look 
like on them. Users also thought that virtual agents should also be implemented on all clothing websites. 

The team members found that although the agent did not appear to mature when the participant made them more 
mature, upon closer look at the agent using the "Zoom" feature, the agent did mature some. However, team 
members did not think the level of maturity change made to the face was sufficient, because it was not a realistic 
representation of an older person. 

With the following recommendations provided by ·the team, the website can improve the~ current models to create 
an even more enjoyable browsing and shopping experience. 

RECOMMENDATIONS 
General results from the usability tests revealed that the Lands End virtual agent was both enjoyable and useful. 
However, the team members found some improvements that would make the virtual agent experience better. 

The following are team recommendations: 

1. _There should be more options to make the virtual agent match/represent real world persons. Lands -End 
should develop more facial options that allow users to truly represent how they look. Only general faces 
were provided: one black and three general faces that could be Hispanic or Caucasian. Different 
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complexioned faces should be developed, and other races· such as Indian/ Arabic and Asian/Oriental should 
be developed and used. , . 

2. There should be more realistic changes to facial and body type features to represent older individuals. One 
- was only able to make the hair white and change the body type. However, when you changed the facial 

features they did not realistically represent an older individual. This is especially important because the 
Lands End website mostly targets the older generation with their clothing. 

3. In the future, Lands End could look into allowing users to capture their own face using a digital camera or 
scanned photo image, and then transcribe the face onto the virtual model. Thi~ would then truly allow users 
too actually see themselves in the clothing. 

REFERENCES 

Company Background. (2001). My Virtual Model- Solutions. My Virtual Model Inc. Retrieved November 20, 
2005 from http://www.mvm.com/en/about us.htm 

Emerson, J. (2000). Perfect Fit- My Virtual Model Inc. expands utility of its online software. PRIMEDIA 
Business Magazines & Media Inc. Retrieved November 27, 2005 from 
http://directmag.com/mag/marketing perfect fit/index.html 

Greiner, L. (2005). The Fine Art of Usability Testing. DevSource.com. Retrieved November 27, 2005 from 
http://www.devsource.com/article2/0, 1759, 1780898,00.asp 

Norman, K. (2004). Levels of Automation and User Participation in Usability Testing. Department of 
Psychology Laboratory for Automation Psychology and Decision Processes University of Maryland. Retrieved on 
November 27, 2005 from http://hcil.cs.umd.edu/trs/2004-17/2004-17.html 

Shin-Ping, L., Tucker, D., Koh, C.E., and Kappelman, L.. (2003). Standard User Interface in E-commerce Sites. 
Industrial Management & Data Systems, 103: 600-610. Retrieved November 20, 2005 from 
http://www.emeraldinsight.com/ 10.1108/02635570310497648 

Shiri, A, and Revie, C. Usability and User Perceptions of a Thesaurus-Enhanced Search Interface. Journal 
of Documentation, 61: 640-656. Retrieved November 20, 2005 from ProQuest Database 

271 . 



Proceedings of the 2006 IEMS Conference 

EBAY USABILTY TEST 

Esteban Juan Garcia IV and Brandon Danals 
Florida Institute of Technology 

ABSTRACT 
The researches chose to perform a usability test on the popular online auction site, www.eBay.com. The test was 
designed to examine the ease of which a user can search for and find items on eBay. Test subjects were asked to 
search for 5 various items, find the cheapest of each item, and add it to the "Items I'm Watching" list under a given 
account. This was a timed test to see if each subject could complete the required task in less then IO minutes. A pre 
and post survey, both consisting of multiple choice and open ended questions, was completed by each subject. 

INTRODUCTION 
EBay has been chosen for the usability testing. Ebay is a site where people from around the world can post items for 
others to bid on. The site, in its current state, is fairly easy to use. This site can be used by individuals or by 
companies as~ access point into a market. It is also us:ed to sell items that are used to raise money for charitable 
events or organizations. In order to use the site as a buyer or seller an individual must register beforehand. Each 

. auction that is put up has a time limit that can be set by the seller. A buyer can increase the bid, or 'buy it now' if 
the seller has set a price that the item can be purchased at automatically. 

The web site also has a feature called Paypal, which allows the users to easily transfer money to one another after 
auctions have ended. This has become a major use throughout the Internet, not just on the ebay website. Many sites 
use this as a way to purchase their items or make donations. One of the drawbacks from using this feature is the 
charge ebay puts on accounts that use it to sell items. The ebay. website also has a feature that allows users to 
quickly find certain items they may want to purchase. This search feature is a nice tool to have while looking for a 
certain item. It allows users the ability to reduce the list of items to close, or exactly what they were looking for. 
The search feature can also help sellers because it has a chance to be placed at the top of the results list, if it more 
closely resembles the search criteria than the items listed by other sellers. 

The main focus of this usability test is the search feature. This feature allows the user to sort by ending time, price 
distance, category, and payment type. This test was to s.ee how user friendly the search is. We chose.five items for 
the 6 test participants to find within a set time period. This was to see if the items could be found in an efficient and 
timely manner. An account was used for the participants to put the found items into a watched items list. The 
watched items list allows for users of the site the ability to check items frequently (that still haven't ended) without 
having to find them using the built in search engine on the site. This was for us to ensure that they had actually 
found the correct item, rather than having found a similar item. When an item is listed the person must check off the 
part of the country that they are posting the item from. 

LITERATURE REVIEW 
EBay is currently the best overall auction site. Consumer Reports recently rated 13 auction sites, and ebay was the 
only one to receive a rating of 5. The categories of usability and content each received a 5, while policies only 
received a 4. Ebay doesn't protect their users in their transactions, but it does use a rating system that helps users 
see the good ones.from the bad. Sometimes people will choose to not conduct business with a potential buyer if his 
or her rating is· too low (Flaim I). 

In the user based design process the website is designed for the user. During this process the user's input is taken 
throughout, and the design decisions will reflect the user's. viewpoint. There are 4 stages in the user base design 
process - information; development, evaluation, and implementation. Data in the information stage can be gathered 
in a number of ways, including questionnaires or interviews. Positive and negative features can be ranked and put 
into major criteria, in order of importance. Some suggestions for the sites can be drawn from focus groups. In the 
development stage designers ne~d to understand the criteria because it will be the basis for the design. The 
designers then create a preliminary version of the website. The website needs to be easy to use, look good, and have 
information readily available. Search features in websites are usually non-existent, or do not function properly. 
Users want responsive, · effective searching and implementing this is one of the greatest challenges faced by 
designers. In the evaluation stage users test the website out to see if the criteria wanted was implemented correctly. 
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A major part of this process is getting feedback from the users; again, this can be obtained through questionnaires. 
The evaluation process will continue until the responses fro1_11 the users indicate the site is re~dy for implemen~tio~. 
The implementation stage is when the website actually becomes usable. 1?,e_ form of the unplemente? website 1s 
only based_ on .the user's first criteria. Websites created from the user design process are never considered to be 
finished. _This stage of Internet growth is distinguished by getting resources to better match those that will use them 

(Abelse I). 

E:..commerce technology is being adopted by businesse~ faster than any other technology. Certain e-commerce 
websites have more traffic than others. This could be because the design features of those sites are more effective. 
"Accordin~ to Nielsen, to develop an effective web si~e, the designers should keep in ~~d these guidelines: 

• The majority of users don't read; they only scan for information; 
• The author's personality may make a ·difference in a site's attractiveness; 
• The majority of users are not patient; they do not tolerate promotional features; 
• The search capability is of critical importance; 
• Download time can make all the difference; 
• Animation and the use of frame are not liked by most users; 
• Smaller images and maps are preferred (Udo I)." 

Navigation of the website should be easy and simple. This could prevent users from leaving the site. By allowing 
users to interact with a site, they can create content. Forums or email communication allow users to share 
information and can help designers meet user needs. An effective website is one that meets that meets the objective 
of the business (Udo I). 

Websites provide benefits for people and organizations. Websites can also improve· communications between 
corporations. If users do not have a good experience with a site the first time 40 percent will not come back. 
"According to Brajnik the quality of Web sites depends on factors -in three categories: 

• Task...:... quality, content 
• Performance - response time, reliability 
• Development- code complexity, portability (Kim It 

There isn't a set standard for website evaluation, but it does relate to user satisfaction. Data collection was done to . 
include the broadest number of websites possible. Each industry has its own characteristics, and some of the criteria 
may not be applicable .to them. Websites will become a main interface between seller and consumer as e-commerce 
expands. The website. may become a factor in judging a seller or corporation. The online malls should be used to 
compare a new website against. A business should evaluate the purpose and intended market before entering into 
the e-commerce realm (Kim I). 

A paper prototype is a way to test the effectiveness of a proposed site. Tasks can be set to meet the participant's 
background. Participants ·should be from a variety of areas, and should be led through the tasks by someone to 
answer any questions. Labeling of possible links is a major part. Some may be changed if participants do riot have 
a clear understanding of what they mean. This can be seen in changing "Borrowing Materials" to "Checking Out 
Books, etc.". Locations of certain links are also looked at in this phase, such as moving a MY Account link to a 
c~rtain comer of the web page. After the paper test is done actual site can be tested. When ready, new participants 
are chosen to conduct new tasks. If addition changes are needed, the same tasks can be used over again on a new 
group of participants to see if the changes have made a difference (Tolliver 1). 

METHODOLOGY 
The process of performing this usability test involved several steps. The fir~t step in this process was choosing an 
item that was to be tested. _The group looked at a few possible choices, but decided to conduct a usability test on a 
website. The website that was chosen was eBay. We wanted to see if beginners could ·easily use the site, and if they 
had any recommendations ~or improvements that long time users might have overlooked. We d to test the search 
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feature on the site was good enough and that the users of it could easily find items that are currently at our below 
certain prices. 

The second step in this process was to develop the doc~ents that the test participants would fill out before, and 
after they had completed the task. One of these is the informed consent form. This form is used to let the 
participant know about the risk of what they are partaking in, and how to contact the experimenters. This document 
was mandatory for all of the participants to sign before the actual testing could take place. The general instructions 
developed for this test give an overview of what the test is, how long the test will last, and what will need to be filled 
out upon completion of the task. It also informs the participants that questions can be asked at any time. A pre
survey was developed to learn more about the participants, such as how long have they, been using the Internet, and 
if they had used ebay before. See Image I. 

Data Collection Iustrument 
P1:e-Survey 

Please fill out the following survey by ·circling your response : 

1) Have you ever made a purchase using Ebay. corn before? 
Yes · No 

2) How often do you visit Ebay.com? 
. Never Sometimes Often 

3) How often do you use the Internet? 
Several times a day Daily Weekly Seldom 

4) My age range is : 
17-25 25-35 36.:..45 45-older 

5) I arn a : 
Graduate Student Undergraduate Student . 

6) In the past year how many items have you bid on using Ebay.com? 
0 1-5 5-10 10+ 

7) I arn a : 
Male Female 

Faculty/Staff 

This was to give us an idea of how many of the subjects had used eBay before, and if they were used to the current 
features of the site. The next document that was developed for this test was the task instructions. The instructions 
tell the participants the specific items he or she is supposed to fu)d, and where to put them once they h~ve been 
found. 

The final document developed for use in this test was the post survey. This document allows the participants to 
comment on what they liked best or least about using the site, what recommendations (if any) that they have for the 
site, how difficult the task that liad to be performed was, if they would. consider using the site again to ·make a 
purchase, and if they had any difficulties while completing the tasks. More open-ended questions than multiple- · 
choice questions were used in the surveys. This was because we believed have all multiple choice questions would 
not give us enough information to analyze. Doing this would allow the p~icipant to better express how they feel 
about the site. The participant would feel more inclined to comment on something when the question is open-ended 
rather than close-ended. This is one of the main sources of information that will be used in the results and 
conclusion of the usability test. 

The next step in the process is choosing participants for the project. Six people were needed to participate in this 
test, along with one additional person for the pilot test. For the pilot test a person from the Human Computer 
Interaction class was chosen. They gave us some feedback on how to improve the task instructions. This allowed 

. us to make the task instructions more understandable, so that the person better knew what he or she was looking for. 
People that were known were chosen to participate in the project. This was chosen because it would be easier to 
stay in touch with them if they had any other comments about the site, or if we had to clarify anything after we had 
left and started to thoroughly read what had been said in the documents that were filled out. 
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The next step in this process was to look at the results of the individual testing and comparing them to each other. 
This would give us an idea ofhciw easy or difficult a larger ~oup of people would possibly find the task. We would 
also look at how the participants acted during the testing, and any comments . or questions they had. More in depth 
answers to _the questions would better allow conclusions to be drawn from thein. The results from the participants 
would allow use to see what improvements or-changes the site could use to make it better suited for the first time 
user, and ~lso make it quicker and easier for the people that have been using the site for a long time. 

The last part of the process is stating a conclusion about the results. This could be positive or negative, depending 
on how the test participants enjoyed or disliked using .the website. Any possible improvements that could be made 
to the site will also be mentioned. This feedback could then be used by the website to improve _ the end user 
capability of competently using what is at their disposal. The recommendations could oe followed to better improve 
the site, or they could be used in certain areas that need the most improvement. If the company were to use them, 
they could choose which ones are the most important to save time and money in any possible programming costs 
that may need to occur. 

RESULTS 
Six participants were given surveys. Most of the participants were young, undergraduate students. One participant 
was a faculty member. Five of the six participants were male aged 17-25, with one female aged 17-25. All of the 
participants use the Internet on a fairly frequent basis; three use it several times a day, while the remaining three use 
it on a daily basis. Four of the participants visit eBay sometimes, while the remaining two visit the site often. Four 
of the participants have bid on five to ten items; The remaining two participants have bid on zero and 1-5 items, 
respectively. The female participant had never made a purchase from the site, while all five male participants had. 

Participants were asked to write answers to questions recommended any possible improvements they had for the 
site. Also, they were asked what feature they most liked and disliked a~<mt the site, and ~lso if they would consider 
shopping on ebay again. Finally, the participants were asked how to describe how difficult the tasks were to 
perform and the level of difficulty that would be associated with it. 

Two things mentioned by participants as to what they liked best about the ebay website was the variety of available 
items and the ability to quickly find the cheapest priced item. Also mentioned was the organization of the displayed 
results and pictures of the items. All of which can help potential bidders make quicker decisions. Three of the 
participants mentioned things involving the bidding process as what they like least about ebay. These include that 
you don't know who you are buying from, waiting for the bid, and waiting for the item to be delivered. Also 
mentioned was that the "Items I'm Watching" feature was hard to find and the time that it takes to fmd relevant 
items. 

Participants wrote down several recommendations they had to improve the website. One was to have registered and 
verified addresses, an()ther was to make pictures mandatory for all items listed. Although many sellers usually post 
pictures of their product, it is ·not required by eBay for a picture to be submitted. The final recommendation was to 
make searches for items more specific. All of the participants agreed that the task given to them was not difficult to 
complete, including the pers~m that had never used the site before. A difficulty the participants experienced during 
the process of completing _the task was not fmding the wanted item right away. One participant got varied results 
besides the desired item. It was also noted that on the first test subjects search for the "The Odyssey" the results did 
not list any books by the given author. If the search was too specifi.c, no results would come up. Broader searches 
return a larger number of items. All participants stated they would consider using eBay ag~in. 

DISCUSSION/CONCLUSION 
From our test results most of the people that visit ebay are people who use the Internet on a fairly frequent basis. 
Because of this the site could move away from a less plain look and into something that is more appealing to the 
eye. The website could use a more professional looking design that draws attention to its key features. It was noted 
that although several of the desired searches were specific, not one test subject used the ~'Advanced Search" feature. 
In addition, one test subject struggled to find the "Watch This Item" link. The _"Advanced Search" feature along with 
others may be too difficult ~o locate and use. These issues could be resolved with- chan~es to the sites design. 

Overall the eBay website is effective in what it has been designed to do. The site is basic enough to allow first time 
users to experience little difficulty in finding what they are looking for. This test proves desired items can be located 
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and saved in a timely matter. The "Items I'm Watching" feature is· a helpful way to keep track of all the auctions the 
user is interested in. It allows users to track several different auctions on one webpage rather than book marking 
each page to their web browser. To· use the "Items I'm Watching" feature you must be signed in under an account 
usemame. Signing up for an account is fairly easy and ·using the "Items I'm Watching" feature can be of great 
benefit bidding on items. That being said, the site could stand to see some improvements made to its design and 
search features but is overall a wel?site with exceptional usability. 
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BLACK & WHITE: USABILITY TESTING IN GAMING 

Alexei Rakowitsch, Grant Griebel, Evan Howe 
Florida Institute of Technology 

ABSTRACT 
We wanted to identify how usability testing could be applied to the computer gaming industry. However, we were 
unable to locate many peer approved journal articles on the topic. In order to apply usability testing to games 
ourselves, we decided to take a very innovative game, "Black & _White", perfonn our own usability test. 

INTRODUCTION 
In the year 200 I, software developer Lionhead Studios released one of the most original and hyped up PC games to 
date; Black & White®. What made this software so unique is the fact that the player takes the role of a god, with 
special powers, miracles and most importantly a pet avatar which acts as the players' vessel for interacting with the 
physical world. The main objective of Black & White® is to expand and gain influence over the several different 
tribes found throughout the different location one visits a$ the role of a deity. The player can choose several different 
manners in which to do this, whether it is performing water miracles over villages' crops to give them more food, or 
raining balls of fire or lighting on their houses to make them wo~hip you out of fear. 

However, the main method in which the player can expand their influence throughout the world of Black & White® 
is through the use of their avatar pet. These "pets" are in reality colossal versions of regular animals, such as a 60 
foot tiger or cow, and have an incredible A.I. for the player to interact with, By watching the players' actions as a 
god, the avatar pet can learn how to cast miracles as well, or go collect lumber for the villages. However it can also 
learn how to feed on people, destroy houses and cause mayhem. In order to mold your pets' personality the player 
must either reprimand or reward them after they have performed an action by slapping them or petting them 
accordingly. Due to the degree in which the player can interact with ·the environment and with the pet, we decided 
this would be an ideal software to perfonn a usability test. Although Black & White® was considered a success, 
many players and game critics complained that their were certain flaws in the graphical unit interface such as a lack 
of true control over your pets actions and thus leading us to this investigation. 

LITERATU,U: REVIEW 
A Survey Method for Assessing Perceptions of a Game: The Consumer Pfaytest in Game Design · 
by John P. Davis, Keith Steury, and Randy Pagulayan 

This article, written by John P Davis, Keith Steury, and Randy Pagulayan, states that standard methods of judging a 
game, such as usability testing and surveys, are not enough to create a quality product. They suggest that the 
perceptions of users must also be measured and evaluated. In order to do this, the authors have devised their own 
form of research called "The Play Test Method". This method combines "traditional, scientific survey methods with 
a controlled laboratory environment to collect systematic, quantitative information about consumers' perceptions of 
games." · 

Digital Storytelling and Computer Game Design 
By Thom Gillespie 

This article written by Thom Gillespie is concerned with the communication required to successfully relay a story 
and receive an emotional response from the user via the medium of video games. Mr. Gillespie then goes on to 
discuss a subject he calls Human Media Interaction. This field of HMI shares many common ties with HCI. 
However, HMI is specifically concerned with human interaction and communication through digital media. 

BLIND COMPUTER USERS ARE PLAYING BY EAR 
This article located on Usemomi~s~com discusses a topic I have never heard of before; Video games for blind 
people. The game is played by sound alone. For example, each target in the game makes a different noise. The noise 
ge~ louder or softer depending on distance. Also, stereo sound is used so that the user can determine the direction of 
the target. Put all of this together and you have video. games for the visually. impaired. However think of the 
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usability issues involved in this! All of the directions for the game must be dictated to the player. In addition, any 
type of environment the user is supposed to be immersed in wil~ have to be vocally described to the user. Very 
interesting idea indeed! 

HCI AND GAME DESIGN: F:ROM A PRACTITIONERS POINT OF VIEW 
I located this PDF file through a search on Altavista. However, the link the search found led directly to a PDF file 
c·ontaining the article and there is no By line. I searched though the site that hosted the file and found it to be ran by 
two men: Zhan Ye; and Ding Ye. These two men are apparently big names in the gaming industry in Japan. The 

· book they wrote entitled Game Design and Development sold out in three months. They have given many lectures 
and speeches.at various different conferences and trade shows. I am assuming that it is one of these men that 
authored this article. It is by far the best resource we found, and I am very happy Altavistrpicked it up for us! 
This article found on Zhang Ye and Ding Ye's web site, Ye-Brothers.com, is an all inclusive piece on HCI and the 
gaming industry. The article begins with a brief overview ofHCI and usability. It then immediately begins to apply 
both HCI and usability to the gaming industry. The article cites many usability issues concerning games on the 
market right now. As a matter of fact the game that we performeq our usability test on, Peter Molyneux's Black and 
White, is referenced in this article. It states that in this game, the use of hand gestures to pick and use certain abilities 
was a very original and well working design. This article is an excellent example of how and why HCI should be 
applied to the world of gaming. · 

METHODOLOGY 
· Several steps were taken throughout this usability test project in order to assure the success of our experiment. First 
and foremost our group had to select software to test. As explained in the section above, we decided on the PC game 
Black & White to perform our usability testing experiment. Once we had our software identified, we had to think of 
a possible scenario in the game that would allow users to experience the effectiveness and usability of the GUI. We 
decided that the pet tutorial on the first island was probably the best scenario in the game to perform the t~st, since 
the players would get to· actively interact with the GUI with the help of the tutorial walking them through it. Our 
-next task was to develop all the documentation we needed to perform our experiment. We had to come up with pre
test survey, an Informed Consent Form, task instructions and post-test survey all with questions that would be 
relevant to the usability of the games GUI. Our main purpose was to find out how successful was Lionhead Studios 
in creating GUI that was instinctive, reliable, had an easy learning curve and accurately represented the players and 
the pets' actions. 

After having formulated all the questions and forms, our next step was to find participants to take our test and give 
us feedback on the usability of the GUI. We asked six people, all friends of either three of us, to participate in our 
experiment. We installed the software in Grant's computer and had each of the 6 participants come over to our 
apartments at The Vinings in Palm Bay and run through the test. The game had a saved game file right before the pet 
tutorial began, and the participants, after having filled in the Informed Consent Form, the pre-test survey and read 
the pre-test instructions began the test at that point. Due to time constraints, we could not have the test participants 
go through the moving and interaction tutorial previous to the pet tutorial, and we were thus forced to give a brief 
explanation of how the game controls worked. Although this somewhat affect how effective the in-game tutorial was 
in demonstrating the GUI, participants were asked to answer the survey questions as if we had no told them what to 
do. Once the participants were done with the in game pet tutorial, the final task was for them to take the post-test 
survey and make any additional comments they might have had about the game and its' GUI. After compiling 
answers from all our participants, we did some research on the internet on usability testing and the gaming industry 
and began writing this paper. - · 

RESULTS . 
Having played the game Black & White® before, as well as the newly released Black & White 2®, we were not at 
all surprised in the results of the surveys and the reactions of the participants while playing the game. Most of the 
answers on the post-test survey were expected as all the participants had questions and needed help at some points of 
the test. The average age of the participants was 22, five males, 1 female. They all use their computers everyday, but 
only half of them played videogames often. First off, since the participants wen~ through a tutorial stage of the game, 
we asked their opinion on the in game instructions. All the participants agreed that although the in-game instructions 
were for th<?_most part clear, some of them stated that they were not sufficient at some points especially if you. were 
not playing close attention. _ · 
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One of the main concerns people had, even those with previous gaming experience was inability to follow some of 
the instructions due to the difficulty ~f the in-game controls. As stated before, we did not have time to run everyone 
through the movement control and interaction tutorial and thus had to give a brief demonstration on how to move 
around, and help them out throughout the test. Most of the participants had difficulties moving around or interacting 
with certain objects, while two of the participants had problems more specifically with moving the camera angle. 
The general feeling was that the keyboard and mouse controls were actually hindering game play rather than 
helping. 

The next aspect of the game we were analyzing was the interaction with the pet avatar. The main usability features 
we were observing in this user interface was the leamability, efficiency and memorability and if that led to a 
satisfactory gameplay. The survey results showed us that all participants agreed that the' pets' actions, as well as the 
players' actions were accurately represented and reacted in a realistic manner. They felt it was easy to interact with 
the pet such as beating him or giving him an object to interact with, and that the A.I. seemed to react and learn in an 
efficient matter. Most participants seemed to have a lot of fun beating the pet and teaching him not to do things 
which definitely enhanced their gameplay and made it more enjoyable. However, the participants all seemed to 
agree that they didn't feel like they had total control ·over the pet at all times, and once again, the camera angle and 
movement controls hindered their ability to target and thus interact with the pet. 

DISCUSSION/CONCLUSION 
After analyzing all of our results, we arrived at a couple of conclusions and recommendation for some of the HCI 
problems we found in our software. The most prominent problem in our software GUI was the movement and 
camera controls. Every participant complained about the difficulty in moving around and interacting with certain 
obj~ in the game due to the camera angle difficulties. This is partially due to the fact that the participants did not 
have time to go through the movement tutorial, but also bad design. There are just too many different locations on 
screen the player must move the mouse to and hold certain buttons in order to move the camera angle around and 
change the pitch, and that just makes for a hard learning curve. It also becomes hard to keep focus on one target 
because the view will not auto-lock or follow anything. Some of the suggestions made by the participants included a 
feature to center the camera on a ¾ view after selecting an object such as your pet. One person even suggested 
getting rid of the entire "floating" around and suggested more like walking, but this would take away from the 
games uniqueness and its plot line. From a usability standpoint, improvements to the camera and movement controls 
can range from keyboard shortcuts to help change pitch or angle, and maybe customization in the options which 
allow the user to set different camera mode, like auto-locks on targets, or birds-eye view etc. Moving around, while 
not very efficient, links to the whole idea of being a god and even though it could be improved by for example using 
the directional pad as aid, the game would lose some of its creativity. 

Although the pet GUI seemed for the most part to please the participants, it lacked key aspects of ·usability; 
memorability and satisfaction. The problem with the pet interface is that even though the A.I. is advanced enough to 
learn actions by watching you and by your reactions to them performing these actions, it becomes increasingly hard 
to control what the players' wants the pet to do. Since you can only reprimand and reward a pet to teach it something 
right after it has· done that something, it becomes increasingly difficult to control all the different actions they can 
do. Without constant vigilance over the pet, Jhe player can never be absolutely certain what they are rewarding or · 
reprimanding their pet for. Participants also complained that the pet would not react in the manner they wanted them 
to in certain occasions, like for example instead of throwing the .rock you just handed to it at the city, it attempts to 
eat it. This lack of control leads to the player not being able t~ easily complete certain tasks. This takes away from 
the users' satisfaction and enjoyment of the game. One of the more prominent suggestions made by a participant 
about the pet GUI was actually implemented in the Black & White 2® and consists of adding a pet menu to better 
control the pets actions and "education". By allowing ~e user to choose which actions he is petting or beating the 
pet for, the sense of control is much higher and the player is thus able to better interact with the pet GUI. 

In conclusion, the overall opinion about the experiment by the participants was that although the pet interaction was 
a nice feature, the movement and camera angle controls were too much of a hassle to make their short gaming 
experience enjoyable. Black and White® suffered from some design flaws for the movement and interaction aspect 
of the game, and had some usability issues with the pet avatar interface, but it has potential for much improvement. 
Our test was successful 'in demonstrating some of the core usability issues present in the gaming design industry and 

· helped generate suggestions for improvement, many which were actually taken into consideration for Black & 
White2®. - -
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STUDENT PERSPECTIVE OF ACADEMIA AND INDUSTRY COLLABORATION 

Richelle ~~ Atienz.a, Alexandra Schonning and Daniel Cox 
· University ofNorth Florida 

ABSTRACT 
Through industry-academia collaborative efforts the students at the University of North Florida have had the 
opportunity to work on rea~ engineering projects, develop a mentor program and prepare laboratory equipment and 
procedures for teaching and industry use. This paper addresses the students' perspective of these endeavors. 

INTRODUCTION 
The Manufacturing Innovation Partnership (MIP) is a program sponsored by the National Science Foundation to 
enable students to gain industrial experience on industry driven projects [l]. It develops and maintains relationships 
between Mechanical Engineering at the University ofNorth Florida (UNF) and local companies in Jacksonville, 
Florida. The MIP educational goals are to take concepts learned in academia and apply them to real world problems 
by the use of projects presented by local industries, and to develop a partnership between local companies and the 
learning institution so that the students will have prior experience in the work field before entering it. In 
accomplishing these goals set by MIP the students have the opportunity t9 work on industrial engineering projects, 
set up a mentoring program, and set up lab procedures and equipment. · 

PROJECTS WITH THE LOCAL INDUSTRY 
Students' communication skills are improved by communicating with the engineers of the local companies; they 
communicate via e-mails, phone conversations, regular meetings, through technical documentation, and by giving 
formal presentations. Since meetings with the industry members cannot always be held on a weekly basis, it is 
imperative that the students regularly meet with their professors leading the projects to ensure progression. Some of 
the projects include an adjustable tap stop design for W. Lorenz Surgical [2], automation for drug testing ·kits 
(design and implementation) for Armor Holdings, Inc. [3], computer modeling and finite element modeling and 
analysis of a pool cue for Predator Products [4], core winder design and implementation for the Ronco Group, Inc. 
[5], material testing of bone cement for Shands Hospital [6], and a wireless PDA and robotic surveillance for Jaguar 
Security [7]. Following is a short description of what the students do on these projects. 

Adiustable Tap Stop Design 
The scope of this project was to redesign an adjustable tap-stop for ·w. Lorenz Surgical Inc. There current design is 
used in cranial surgery and could be improved if redesigned to be operational with one hand. The students 
developed several conceptual designs for the tap-stop that would satisfy given design criteria. They also ensured 
that the designs generated could be manufactured with available resources. Some designing resources used include 
I-DEAS NJc' 10, a computer aided engineering software with designing, drafting, manufacturing, and finite element 
modules and AutoCAD. The students were also involved with making and testing prototypes. 

Automation for Drug Testing Kits . 
One of Armor Holding Inc. 's products developed and manufactured at their Jacksonville site, is a drug-testing kit. 
Students have analyzed the assembly of the company's drug-testing kit and redesigned the assembly for automation. 
The students built and tested an automated system for production of dtug testing kits and delivered this automated 

_ system to Armor Holdings, Inc. They also conducted production testing. 

Computer Modeling and Finite Element Modeling and Analysis of a Pool Cue 
The Predator Z series shaft has been studied using finite element modeling and analysis. In developing the computer 
aided design (CAD) model and in analyzing it, I-DEAS NX 10 was used. Students generated CAD models, 
researched material properties, developed a hexahedral mesh that they analyzed with specific boundary· conditions 
and loads. · 

Core Winder Design and Implementation 
The scope of the project is to address an automated approach to the adaptation of an existing core winder machine to 
an upgraded gift wrap feature that requires higher volumes of production with greater precision. The activities 
perforined by students were the design concept for Multi-Head Cutter for core winding machine, the specification 
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for off-the-shell components, create detailed design drawings of custom machine components, make 
recommendations to improve system performance (speed and precision), a build test plan (development and 
implementation), assist with implementation and the testing at Ronco Group's designated sites. 

Material Testing of Bone Cement 
For this project, UNF worked· with Shands Hospital to test different types of bone cement. The technical objectives 
are to perform an unbiased study of the mechanical material properties of bone cement and to perform a comparative 
analysis between the cements. Activities for the project included designing a mold using computer aided design 
software, developing machine code using computer aided manufacturing software, manufacturing a mold using a 
mill, manufacturing specimens, testing specimens, and analyzing and comparing the data obtained. 

Wireless Data Collection using a PDA 
. Jaguar Security, Inc. along with the UNF students are developing a wireless PDA security system to keep track of 
cargo. Duties for this project included high-level design, surveying of network infrastructure components and 
provide recommendations, the development of a Microsoft Access ~tabase, and the design and the configuration of 
the PDA ·and database to wirelessly synchronize information. 

MENTORING PROGRAM 
One .of the goals of the MIP program is to develop a partnership between local companies and the students and 
faculty at UNF. In establishing these relationships efforts are made to ensure that growth of the partnership 
continues. For growth to occur it is necessary to recruit more high quality students into the program. Effo~ _are 
made to recruit students from high schools and community colleges through a mentoring program. The mentoring 
program allows the recruited students to work with the University students on projects with the local industry. Thus, 
the mentored students would not only gain more interest in Mechanical Engineering, but they would also acquire 
experience in the field before entering college. They would learn, sharpen, and improve their skills in computer 
software, and gain increased interest in college and in UNF in particular. 

Current Mentoring Program _ 
In order to recruit students from high schools and community college, the mentors reach out to the schools by 
establishing a connection with the faculty members. After approval from the high school faculty, the mentors 
present the students with a power point presentation describing the MIP program, the mentorship, and the 
importance of engineering. In the summer of 2005, the mentors were presented with a chance to set up an activity 
for academically advanced junior high school students. In order to have a successful outcome from the students, 
much effort was invested in preparation. The preparation included the creation of tutorials and seminars, setting up 
the computer software, and requesting volunteers. During the actual activity, it was crucial that everything was 
synchronized. The activity utilized the help from seven student volunteers, professors, and UNF organizers. The 
activity required the Junior_High students to learn a three dimensional CAD software, design a car, and manufacture 
the car by use of a rapid prototyping machine. From this activity, the students would gain the ability to use computer 
aided design software, improve their brainstorming techniques, learn how to think "outside the box" while at the 
_same time designing with requirements, and familiarizing themselves with a manufacturing process by using a high
technology machine. Figure I shows several students working on their CAD models and one of the mentors 
describing a software command. _ Figure. 2 shows images of two different car models that the students created. 

Figure I: College student mentoring Juni~r High school students 
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The future of the mentoring program 
After recruiting high school students for the mentoring program, they will be mentored during summers by UNF 
students and work with their mentors on specific projects. _Since the high school students have had the opportunity 
to take math and science classes already and since they have demonstrated an interest in engineering by applying to 
the mentor program, it is the goal of the MIP to use the capabilities of these students and to challenge them to the 
maximum. The undergraduate college students will work closely with the high school students to learn what their 
interests and strengths are. Once these have been determined, the mentored students will be assigned to a project led 
by one of the college students and it will be this college student's task to assign appropriate assignments to the high 
school student. Some possible tasks may include simple calculations, generation of CAD drawings using AutoCAD, 
development of three-dimensional models using other CAD software, creating prototypes by using construction 
paper or balsa wood, develop prototypes by using a rapid prototyping machine, and participate in brainstorming 
sessions. 

Advantages of the mentoring program 
There is a plethora of advantages to the mentoring program. Not only do the mentored benefit through their 
exposure to the engineering discipline but the UNF mentors and society also benefit. Obviously, the high school 
students will walk out of this program with drafting skilis, brainstonning skills, and pre-engineering experience. The 
mentors· will improve their managerial and organizational skills as well as their team working skills. Finally, there is 
a strong need to increase the technical competence among our future workforce. Through this mentor program it is 
highly likely that the mentored students will gain even more interest in engineering and increase their likelihood of 
becoming engineers. Thus, the efforts are likely to increase th_e number of students graduating with engineering 
degrees which will help society in general. 

LAB DEVELOPMENT, MAINTENACE, AND EDUCATION 
Students have a vast variety of resources available to them in their projects. These include state-of-the-art compu~er 
software and a plethora of resources to manufacture their parts. The manufacturing resources include a rapid 
prototyping machine, a coordinate measuring machine, a vacuum foni:l.ing machine, a CNC milling machine, and 
lost wax (investment) casting resources. Since most of the students have not been exposed to these resources prior to 
entering the MIP program, a subset of the hired students is involved with lab development, maintenance, and 
education. These students prepare the equipment and procedures on how to use the equipment for the use of other 
students. The lab developers are in many cases also new to using the equipment and are therefore first required to 
perform extensive research of the manufacturing processes involved. Upon performing this research, they are ready 
to learn how to apply their knowledge to the actual equipment and will continue to run the equipment until they have 
a solid understanding of the advanced functions of the equipment. At this point the lab developers document th~ir 
findings such that others can use the knowledge obtained. They develop operating manuals including machine 
procedures. The writing of lab procedures is crucial as it provides a means for knowledge to be shared from one 
group of students to another. Since future students will have minimal prior knowledge of the manufacturing process 
these lab procedures must be easy to understand and follow. The following sections discuss in detail some of the lab 
development activities undertaken by the students. 
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Rapid Prototyping Machine 
There are numerous different types of rapid prototyping techniques available including fused deposition modeling, 
stere_olithography, laminated object manufacturing, selective laser sintering, and solid ground curing. The MIP 
program has available to them a Fused Deposition Modeling (FDM) machine called Dimension by Stratasys [7] as 
shown in Figure· 3. It impo~ a CAD file and then builds the part one layer at a time. The concept is similar to a 
glue gun; it takes a string_ofplastic, heats it, and begins to make the part by applying the plastic string layer by layer. 
After the heated plastic has cooled the part is complete. This prQcess is called an additive process because it 
continually adds layers until the part is made. After performing extensive research on rapid prototyping, the FDM 
machine in question, and after making several test parts on the machine~ a set of laboratory instructions were 
developed. This would allow other students to utilize the machine for their projects. These instructions were fairly 
simple to prepare as the machine is highly sophisticated and user friendly in its technology. While the primary 
purpose of the machine is to produce prototypes, many companies also use it to manufacture end products. 

Figure 3: Rapid prototyping machine 
Coordinate Measuring Machine 
The Coordinate Measuring Machine (CMM), seen in Figure 4, is a machine that with its point tip is able to take 
three-dimensional measurements of objects. This type of a machine is often used for quality control but can also be 
used for reverse engineering. Computer aided engineering software tools are used in collaboration with the CMM 
allowing student to replicate objects as computer models. When reverse engineering a component the CMM is a 
useful tool that can take n~cessary measurements. The students working on this machine reverse engineered parts 
such as a business card/pen holder and then reproduced the part using the rapid prototyping machine. Both models 
are seen in Figure 5. This project familiarized the students with the CMM and its associated software. Procedures 

. for using the machine and software are provided in a lab manual developed by the students. 

, Figure 4: Computer measuring machine 
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Figure 5: Reverse engineered and original business card holder design 

Vacuum Forming 
A Vacuum forming machine, seen in Figure 6, is a machine that can be used to shape thin thermoplastic sheets. 
During this shaping process the plastic sheet is warmed until its malleable enough to take the shape of a mold, a 
vacuum sucks the air through the porosity of the mold which causes the plastic sheet to form around the mold. 
Upon cooling, the plastic sheet is removed from the mold which can be reused for future sheets. This technique is 
used in industry to make protective encasing for electronics. In preparing this machine for other students to use 
several test parts were produced, and procedures were written. 

Figure 6: Vacuum forming machine 

Computer Numerically Controlled {CNC) Milling Machine 
In Figure 7, a bench top CNC milling machine was acquired for the lab so that students could produce prototypes 
made out of materials such as aluminum, plastic, and wax. Since the machine is CNC enabled, the students can 
create a three-dimensional CAD file of a part, generate the machine code through the manufacturing application of 
the CAD software and then send that code to the milling machine to be produced. While milling machines are often 
used tQ make end products in industry, the milling machine available to the students is mostly used for prototyping. 
The process can be thought of as a subtractive rapid prototyping process as it is remove material instead of adding 
material like the rapid prototyping processes. In addition to using the machine for prototyping, the machine has also 
been used to manufacture molds to be used in specimen creations. While the machine is fairly simple to use," 
knowledge and experience in set-up of the part is important for a successful outcome. Procedures on how to use this 
machine have also been developed. However, some of the know-how is difficult to summarize for others as it is 
dependent on the part that is to be produced. Therefore, when other students are learning this machine, they are 
typically trained by a student that has used it pi:eviously in addition to being provided written -machine procedures. 

Figure 7: Desk top CNC milling machine 
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Lost Wax Investment Casting 
Casting is a process "in which metal is liquefied, poured into a mold, and allowed to solidify; the solidified part, the 
casting, takes the shape of the cavity of the mold. Different casting techniques are used and the one available to the 
students is Lost Wax (Investment) Casting. Through this process a pattern is dipped into a liquid slurry called 
investment, and allowed to dry until the investment is cured. The pattern may be dipped several times to create a 
thick coating. Then the coated model i~ put into a kiln, where the wax is burnt out. After most of the wax is burnt 
out, the student removes-the remaining wax by placing the mold upside-down on a rack on top of water so that the 
wax will drip into the_water. The investment shell is now eqipty and can be used as a mold. The metal is heated and 
then poured into the mold after which it is cooled to a solid state. One~ the metal is completely cool, the investment 
shell is broken away. Figure 8 shows the equipment that would be used· for casting. Much effort has been invested in 
getting th1s lah equipment up and running. Initially the stQdents were researching literature on investment casting, 
and then they went to a demonstration by art students using the same method. As investment casting can produce 
hazardous fumes it is recommended that the process be performed in a ventilated area. As this is not an option in the 
lab facility for which the equipment was purchased, students are in the process of building a movable lab so that the 

· process can be undertaken outdoors. Once the design and manufacturing of this has been completed, test labs will 
be generated and lab procedures will be written. 

Figure 8: Investme~t casting resources 

SUMMARY 
The Manufacturing Innovation Partnership (MIP) Program has presented many opportunities to students that help 
them better prepare for their future careers. They have worked on projects together with industry members providing 
them with the confidence that they can succeed as engineers. Developing a mentoring program allowed them to 
increase their leadership skills as well as their skills in working with younger people and instructing others. 
Preparing laboratory instructions and maintenance on the machines has taught the students to independently research 
technical documentation and to practically apply this information. It also has taught them the many ways of 
manufacturing products. Hopefully, this manufacturing knowledge can be used in their future careers. It is these 
skills that will make the stude.nts significantly stand out from others not having similar experiences. 

In summary the MIP program has provided opportunities to academia, industry and society at large. The college 
· students have tremendously benefited from the experiences that they have had with the MIP program; they have 
developed improved technical skills as well as team working, leadership skills, and communication skills. The pre
college students have had an opportunity to be exposed to engineering and a university environment. The industry 
members have benefited by having available to them resources that they could otherwise not utilize. They have had 
the opportunity to complete projects that they may not have had the opportunity to otherwise complete. Society in 
general benefits from a society that is more technically competent and by learning of the o~tcoriles on specific 
projects. In summary, the MIP program has provided win-win opportunities for all. · 
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CASE STUDY OF A SUCCESSFUL COLLABORA TlON USING 3-D RAPID PROTOTYPING 

Verna M. Fitzsimmons 
Kent State University 

ABSTRACT 
As educators, how can we support businesses? Companies are focusing on reducing cost and product development 
time. The use of inexpensive rapid prototyping (RP) is a technology that addresses both of these issues. This is a 
case study where through.the university' s outreach program, the College of Technology's new three-dimensional RP 
was used successfully in reducing the total cost and time to design a product for a local company while at the same 
time providing our students with a relevant learning experience in a real-time setting. , 

INTRODUCTION 

The College of Technology is an academic unit within a primarily liberal arts university. The university made one 
of its strategic goals the improvement of its outreach program. To this end, the outreach program directors have 
been contacting local businesses to share the various capabilities available. within our academic units. Many of these 
capabilities are cutting edge and could provide beneficial collaborations:. 

Engineering and technology educators in the 21 st century are obligated to continually attempt to provide our students 
with learning experiences that will serve them in their careers. One way to accomplish this is by using example 
problems affecting local industries and bringing these local businesses into the education process. This can be 
accomplished though a mutual alliance between local businesses and the educators though the university's business 
outreach program. The benefits of this alliance will accomplish several goals. 

I. Provide a relevant learning experience for the student, 
2. Provide a beneficial service to our local businesses, and 
3. Further the university's goal of increasing outreach programs. 

The following is a case study, based on a real situation, where such an alliance was fonned and the benefits reaped 
by both the university and a local manufacturing business. 

One of the new technologies that the College of Technology has been spot-lighting with many of the local 
manufacturing businesses in our area during our outreach efforts is our new three-dimensional rapid prototyping 
(RP) system. This system was acquired from the Z Corporation and their local distributor, Appropriate 
Technologies, last year through the efforts of our administration. Three-dimensional rapid prototyping is an additive 
method of producing a part. · 

In this particular case we were able to capitalize on all aspects of our competencies, and to use this new prototyping 
system to create a win-win-win-win situation for the local business, our student, the university and the College of 
Technology. -- · 

CASE STUDY 
A local company was involved in a project to develop a new hand tool and was interested in finding new ways to 
reduce their design costs. The local company had been experiencing the effects of competition over the last few 
years and getting the new tool to market as fast and as economical as possible was imperative. New methods needed 
to be explored. 

Businesses, much like the one in this case, struggle to be competitive in a market place where the impacts of global 
competition confronts their livelihood and erodes their profit margins daily. As companies focus on cost and their 
bottom line profit, time becomes money. 

The local company's newly hired Engineering Director (ED) had heard of our new RP system and was familiar with 
the benefits of RP. He had used RP for concept proofing as well as rapid tooling at a previous employer. However, 
his new company had not used RP in the past. 
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The ED had determined that the new tool product being development by his company would be a good candidate to 
introduce RP to the company. It was a completely mechanical product that required complex parts. A review of the 
drawings alone would probably not be adequate prior to ~anufacturing. Historically, for a product of this type, a 
model would have been developed for review. 

The engineering director made contact_ with the university through our outreach program. Our initial meeting 
concluded with an agreement to proceed. There were several expectations including the prototype. In addition, we 

-were able to test the RP capabilities for tolerances and to observe RP's influence on the company's development 
process. Within two days a 3D computer model file was emailed which eliminated the need for another face-to-face 
meeting. 

-
The initial meeting was also used as an experiential learning opporumity for the student who was able to observe the 
negotiations as they occur in the normal course of business. The student was also assigned the task of estimating the 
cost of the part as well as the time required to complete the task. · 

The 3D_computer model in a .stl format was handed over to a student for review before creating the part. The 
student was asked to check the digital file for completeness because bad facets or missing connections in the model 
will produce errors as the system attempts to create the part. This would lead to the creation of a bad part as well as 
wasted materials and machine time. This process provided the student with the opportunity to master the skill of 

· print checking. This was also good practice for 3-D interpretation. 

After the file was checked and deemed ready for 3-D printing, the student set up the machine and downloaded the 
file. When the part was finished, the student completed the post processing and contacted the company 
representative. 

The process of checking the image, creating the part, and turning it over to the company's project team for review 
took three days. This short time span was very much appreciated by the company. Again, this was another lesson 
for the student on the sense of urgency within most organiz.ations today. The faster a product gets to market, the 
more opportunities there are to sell it and maintain a competitive edge. 

Once the part was in the company's hands, the product team, including design engineers, manufacturing, and 
marketing had the opportunity to hold the parts and make a more thorough evaluation of the complex product. At 
that time, it was determined that several of the original design specifications were not correct. However, the RP part 
was good enough for everyone to concur, determine the corrections that were needed, and move forward directly 
with permanent tooling, feeling confident in the final results. 

The company reported back to us to let us know the outcome. The company was pleased with the results and 
improved timeline. for getting a new product to market that was made possible by using the RP technology. The 
product is now on the market ·an estimated five weeks ahead of schedule. The use of RP to prove the concept 
reduced the entire development process by six weeks through the elimination of time that would have been needed 
.in the model shop. In addition, the cost of the RP was significantly less than had been estimated for a traditional 
model. The errors were also discovered prior to the start of permanent tooling, which resulted in additional cost 
savings of not having to make changes once the tools had been started. Because of these successes, the company 
plans to incorporate RP into future product design projects. 

The student gained experience by working with a company and contributing to the success of the project. In -
addition, the student honed his skills in cost estimation, time estimation, time management, ·CAD review, CAD 
corrections, RP, and dealing with a real business. The student can now add to his resume that he worked with a 
local engineering team to develop a new product in a shorter time period. 

The university has also won in this project. The university established strategic initiatives to focus on for the next 
_ three to five years. These initiatives include: 

• Encourage innovation in learning 
• Focus on those we serve 
• Engage with the world beyond our campuses 
• Build and susuµn relationships that foster success 
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This case study represents a model to further the strategic initiatives by incorporating a process that considered all of 
the strategic initiatives. This project provided an opportunity for applications based learning outside the traditional 
classroom, involved a student, worked with a local company and provided a successful completion of the project 
that has led to additional collaborations. 

The College of Technology has also experienced a win in that we have established ourselves as a contributor to the 
success of local businesses product launch under budget and ahead of schedule. We have accomplished this through 
the use of our talents and capabilities. 

SUMMARY 
1bis project was successful_ due to several factors that came together to produce an environment that was ready with 
people that had an idea of how to appropriately apply technology. 

The global economic conditions affecting Northeast Ohio are such that companies are looking for innovative ways 
to improve competitiveness. Since there are no easy solutions to this dilemma, there has been a decline of 
manufacturing companies in this area. This is an example of applying appropriate technology to the product 
development, not innovation. 

1bis project provided a collaborative effort for a local company to address a need utilizing a local resource that 
proved beneficial to everyone. The university realized the benefit of the modem equipment in the labs for the 
overall performance and future of its students. Because of its foresight in requesting the technology, the College of 
Technology had the opportunity to work with this local business to produce this result. This is a stellar example of 
how the university's investment in modem equipment has gone far beyond the university's walls. This project 
provided a significant learning experience for the student in his formal education process. The company has saved 
time and money that would have been spent on tool revisions. This success will indirectly benefit the financial state 
in Northeast Ohio. This case study resulted in a win-win-win-win situation. 
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MOVING INDUSTRIAL ENGINEERING EDUCATION BEYOND THEORY INTO 
REAL-WORLD APPLICATIONS 

Matthew Sanders, Miles Chen, Sam Behnia, Kendall Brinker, Kenneth Morrison 
Kettering University (Formerly GMI) 

Stephanie Reischling 
C.B.C. Recycling, Inc. 

ABSTRACT 
Kettering University's Industrial and Manufacturing Engineering Department has a capsto~e course to afford the 
students practical experience to work as a team to solve a real-world problem with a local company. This paper 
discusses one such experience, involving a recycling company. The students evaluated the company's data and used 
process analysis and plant layouts to develop many recommendations to reduce inefficiencies, re-design facilities 
and improve the e-waste recycling process. This paper. also discusses safety issues found, the implementation of a 
preventive maintenance schedule, and ideas for long term growth. 

BACKGROUND 
The Department of Industrial and Manufacturing Engineering at Kettering University has a senior design course 
known as capstone course which provides the student with the challenge of integrating and synthesizing general 
engineering knowledge into creatively solving real-world, open-ended ·problems in a team setting. This requires the 
students to define a project work plan, develop the problem statement, objectives and evaluation criteria; collect 
data, select appropriate analytical techniques, develop recommendations, and justify the recommended course of 
action. At the end of the term, students are required to submit a written report of their work and present their 
findings and recommendations to local citizens affected by the project. 

Usually, the project is sponsored by a local company as a result of negotiations between faculty and representatives 
from the company. In some cases, a local company contacts the Manufacturer's Innovation Council (MIC)-the 
Flint-Genesee Economic Growth AlliaQce - in response to MIC's solicitation to area manufacturers who might be 
interested in working with a team of Kettering University students. Regardless of project initiation, the capstone 
course instructor and representatives from the company define the scope and objectives of the projects considering 
both tlte suitability for the students and the company's ~eeds. 

This particular project was sponsored by a local recycling company - C.B.C. Recycling, Inc. C.B.C. Recycling 
mainly sorts and separates materials for various purposes from selling to placing in landfills as garbage. Sorting and 
separation are performed manually with limited automation capacities. The company is also involved with limited 
electronic recycling. 

PROJECT OBJECTIVES 
The main objective of the project was to provide C.B.C. Recycling with plant layout, facility design, and 
information that would help them to improve or establish process activities. The students were required to collect 
data, perform analysis, and provide recommendations for implementation to the Company at the end of the project. 

PROJECT SCOPE . 
Prior to the beginning of the term, as soon as a commitm~nt was made by C.B.C. Recycling, initial research and 
business investigation for related information was started. To provide students with background about the project, 
the related information was compiled and sent to the students a couple of weeks prior to the start of the term. At the 
beginning of the academic term, students were taken to the company's site for an initial meeting and tour. Students 
were asked to visit and contact the Company several more times as an entire class and/or subgroups to collect data. 
Students were asked to complete the following: 

• Recommendations for the plant layout (including potenti~l expansion) 
• Recommendation for the facility design (including potential expansion) 
• Recommendation for the process design (including potential process expansion and improvement) 
• Study and provide recommendations for equipment (including potential expansion and changes) 
• Study and perform analysis of safety issues 
• Study and perform analysis of estimated cost 

291 



Proceedings of the 2006 IEMS Conference 

PROJECT BENEFITS 
The project must be beneficial for both the company ~d the capstone students. The benefits of this project were as 
_follows: 

• Students provide a fresh, unbiased outside view of the C.B.C. Recycling operations 
• Students evaluate the pro~ess of the current operations and provide possible methods for improvement 
• Students provide the company with options for implementation of plant layout and facility and process 

designs . 
• Company receives facility and process analysis and recommendations at a very reasonable price 
• Students gain valuable work experience on both existing and non-preexisting plant 

PLAN OF ATTACK 
Students were divided into three groups consisting of five students: l) Facility and Equipment, 2) Process and 
Safety, 3) Plant Layout and Cost. Then, each group was divided in subgroups as needed to perform various parts of 
their tasks. For example, one of the subgroups of the Process and Safety group was working on researching OSHA · 
regulations and rules, a second subgroup was researching possible solutions to current safety issues, and the third 
one was complying new safety issues as the project continued forward. Students posted their findings and 
information on Blackboard and everyone's input on the posted issues was encouraged. 

FACILITY AND EQUIPMENT 
Auto Baler and Tie 
The main piece of equipment at the recycling center is a conveyor fed auto baler with an incorporated auto tie. The 
current baler is capable of packing different materials into baled cubes. Paper products, cardboard boxes, and 
plastics are the materials handled at the facility. They are filtered to a customer with a requirement of90% purity. 
Students realized two bottlenecks. The first bottleneck is the auto tie and the second one is the baler, when this 
equipment goes down the operation is crippled. Downtime occurs. frequently as the equipment is old, poorly 
maintained, and unreliable. There is little to no preventative maintenance performed. Students suggested two options 
as potential solutions. Option one which maximizes uptime consists of creating and implementing a preventative 
maintenance schedule and staggering breaks among workers who deal with incoming material. 

The second option was increasing the capacity through additional equipment and/or replacing existing equipment. 
The first direction recommended for this option was utilizing one baler to handle all different types of materials as is 
currently done, and to rearrange the process to maximize-usage. This may require replacing the current baler. The 
second direction was to use multiple balers for specialty applications. For example, cardboard is easily sorted and 
can be baled either in a large automated baler or in a smaller manual station. While there is cost associated with the 
stand-alone baling ope~tion, it frees up capacity of a large automated operation. Students provided an extensive list 
of different brands of balers, both used and new, with specification and associated costs. 

Students discovered that materials can be compacted to a high density. Compressing material to a higher density will 
allow an increased amount of volume of material per shipment. This will result in fewer shipments, ensuing in direct 
savings on shipping cost. The increase in volume with result of less bails being produced for the same content of 
material, will result in less_ moves of material. This will help to "Lean-up" the production floor. · 

Students also noticed that manual sorting is a problem because of time and efficiency. It contributes to materials 
being in the incorrect bins. The suggestion for this problem was getting a vibrating table to be used at the beginning 
of the sorting line. Vibrating tables can be used to speed up production time and are relatively inexpensive. 

Preventative Maintenance 
In order to minimize the maintenance cost on an annual basis, students proposed the utilization of a preventative 
maintenance schedule index (PMI). The PMI will consist of a detailed visual inspection of the conveyor, building 
and facility equipment. Students considered focus items. The first one was the conveyor belts and rollers while the 
second item was baler and baler tying machine. The PMI schedule for conveyors and rollers proposed is based on a 
weekly schedule and consists of the 1) Drive Unit Inspection, 2) Sprocket Maintenance, 3) Chain Maintenance, 4) 
Pulley and Rollers inspection, 5) Bearing Inspection, and 6) Belting Inspection. 
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Since the baler and tying operations are the heart of the recycling facility, the PMI should be conducted on a daily 
schedule, a weekly schedule, and ann~l schedule. Students provided PM schedule charts covering necessary actions 
for each of the schedules. 

PROCESS DESIGN 
Paper and Tin Sorting 
Students soon discovered a problem with the separation of tin from paper process. The current design contains a 
small conveyor that move_s paper from a large conveyor, which moves both paper and tin. A magnet is placed under 
the large conveyor and holds on to the tin materials for the last seven to ten inches of the large conveyor. The tin 
then travels around the end of the large conveyor to the underbody and dangles until it falls off into the bin below. 
The problem occurs when a piece of paper is stuck between the tin can and the conveyor. The tin can will hold the 
paper on the conveyor and·drag it into the tin container. Paper is also pushed by the tin material into the wrong bin 
even when the paper is not stuck between the tin and the conveyor. As a result of this, two to three employees must 
bend over and pull out the paper before the tin is baled. 

According to students' collected data, about 20 minutes is spent by two employees cleaning out the paper for each 
baler load. At the first glance, a possible solution was the inclusion of a third conveyor that connected the two other 
conveyors. This would allow the paper to fall from under the large conv~yor onto the small conveyor and tin cans 
fall off the large conveyor and end up on the new conveyor. However, a simpler solution would be to place a guard 
at the end of the small conveyor to stop the paper. This guard would be positioned in such a way that 95% of the tin 
objects passing underneath the large conveyor will not hit the guard. It is suggested that the guard be composed of 
rubber and have the ability to move if a solid object were to hit it. 

To further assure that the paper does not drag into the container with the tin, students suggested that the paper be 
forced away from the conveyor by an air source. This air source may be mounted to the end of the large ~onveyor 
and be pointed toward the area where the tin cans have already been magnetized. Therefore, papers will be less 
likely to attach themselves to the conveyor. A wire or net-like guard should be placed across the small conveyor so 
that the paper is not blown off the conveyor belt. This wire mesh will also help prevent some of the paper overflow. 

Bin Movement 
Students observed that square bins holding sorted recyclables are being tipped over or flipped with forklifts to be 
emptied. These bins are stacked in different areas and are taken to the baler whenever the baler is ready to compact a 
new ~terial. Flipping the bin over with the forklift often requires ·several motions with the forklift and takes several 
minutes to complete. First, the forklift backs up and inserts the fork at a slightly awkward position, effectively 
hooking one side of the bin. The operator then lifts the fork and the bin tips over and lands on its side. This, 
however, does not empty the bin. The forklift must back up and insert the fork near the bottom. The fork is lifted, 
the bin tips again, and the bin is now completely upside down; Oftentimes, the bin is loosely hanging on the forklift 
and poses the danger of falling off. Once emptied, the forklift must repeat the process to put the bin right side up. 

Students suggested modifying the bins so there_ are hinged doors on the bottom. The forklift would lift the bin ·over 
the conveyor and stop. Another operator ~ould then open the hinged doors on the bottom and all the recyclables · 
would fall out. Once the recyclables are emptied, the hinged doors could be closed and 'locked' into position. 
Because the forklift arms still need to hold the bins, the hinged doors cannot extend all the way to the end. Within 
the bins, some extra flooring would need to be added to ensure all the recyclables fall out. Some illustrations of this 
concept are shown in Figure I. 

Debris Control 
Students also noticed that paper regularly falls off the con~eyor belts and ends up on the floor. This happens when 
the operators "cultivate" the paper to find cardboard, tin, magazines or any other items missed by the original 
sorting. This sometimes leads to paper ending up in other containers. Much time is lost when the operators spend 
time cleaning up all the extra paper. In addition to production time lost, the extra paper makes the facilities look 
unattractive. 
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Figure 1. Prop·osed New Bin Design 

Some of the conveyors will not properly feed the product into the storage bin. Product will fall on the ground and 
requires clean up as well. This usually occurs when either a conveyor does not have a guard that prevents 
recy_clables from falling off, or when a forklift operator places a-bin in the wrong spot. 

During regular observations of operating procedure, students found that two to three workers spend approximately 
30 minutes twice a day (120 - 180 minutes total) cleaning up the floors. The items that the workers pick up during 
that time get put back into the main sorting pile to be sorted ·again. It is predicted that the amount of recyclables 
picked up during a 60 minute period approximately fill up one front end loader bucket. It takes approximately four 
minutes for 10 workers to sort one bucket (total of an extra 40 minutes). This problem sums up over three labor 
hours (160-220 minutes) per day. 

In order to prevent paper and other materials from falling off the side of the conveyor, students suggested shields to 
keep the paper on the conveyors as shown in Figure 2; these shields may be placed on all conveyors. They may be as 
simple as sheet metal being fabricated to fit each conveyor. In addition the forklift operators must have some way to 

· control the loc&tion of the bins. A bare minimum would be tape on the floor or for more accuracy; stops could be 
bolted to the floor. 

Figure 2. Conveyor with Shields 

Broken Glass 
Another process issue was broken glass in the conveyor. The current process for the main sorting line uses a small 
front end loader - known as the "mustang" - to scoop up recyclables from the large pile. Th.e mustang then dumps 
the recyclables into the conveyor system. When the load moves up to the main sorting line, broken pieces of glass 
move up with it. When the broken pieces of glass enter the main line, sometimes the line must be stopped so that the 
sorters can grab or sweep the pieces of glass and put them down the proper chute. In addition to the slowed sorting, 
small pieces of glass frequently cause the conveyors to break down. Loss of productivity is attributed to the stopping 
of the sorting line when the operators have to pick the broken pieces of glass off the main conveyor. On average this 
occurs at least once every 15 minutes. 
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Students proposed the separation of 
glass before recyclables enter the 
conveyor. This separation is possible 
with a vibrating device before the 
conveyor. If the recyclables are 
placed on a vibrating slide, the small 
glass shards will move to the bottom .---------
and the larger, non glass pieces will Vibrating slide 
float to the top. The vibrating slide 
and the loading conveyor could form 
a "V' with a small gap in the bottom. 
The small glass shards would slip 
through the gap at the bottom and the 
larger pieces would get caught by the 
conveyor. Illustrations of this 
proposed design are shown in Figure 
3. Again, students provided the costs 
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and equipment needed to solve this problem. Figure 3. Proposed Design to Separation of Glass 

Exchanging Full and Empty Bins 
The method used for replacing full containers with empties shows inefficiency of operation. Currently, when a 
container fills up with sorted recyclables, it is removed from the sort aisle and moved to another location and 
replaced.by an empty container. There is a long delay between its removal and its replacement. Only one forklift 
operator works during this operation. 

The current process is shown in the following steps: 
Step I. Forklift brings in empty bin. 
Step 2. Forklift sets empty bin down and heads to full bin. 
Step 3. Forklift picks up full bin. · 
Step 4. Forklift backs up with full bin and sets it down. 
Step 5. Forklift sets down full bin and heads to empty bin. 
Step 6. Forklift picks up empty bin. 
Step 7. Forklift positions empty bin down. 
Step 8. Forklift backs up from empty bin. 
Step 9. Forklift picks up full bin. 
Step 10. Forklift drives away with full bin. 

This process takes a long time and between removal and replacement, the conveyor is either stopped or recyclables 
will on the ground. This is a clear loss of productivity. Replacement may take as long as five minutes for the 
operation to be completed. This is five minutes_oftime the sorters could be working or five minutes where 
recyclables are heaping up on the ground.Jfthe recyclables heap up on the ground, productivity is lost when 
someone must pick the recyclables up by hand. This problem could to be fixed by having two forklift operato~ 
work in tandem. When a bin is full, one operator (A) goes in to remove it. The other operator (B), waiting with an 
empty bin, follows immediately behind and replaces the empty container. In order to coordinate the bin replacement 
between two forklifts, the only extra equipment needed is Walkie-talkies. 

The process is shown in the following steps: 
Step I. Forklift A has no bin. Forklift B carries an empty bin. 
Step 2. Forklift A picks up the full bin. 
Step 3. Forklift A backs up with the full bin. 
Step 4. Forklift B mov~s the empty bin in position. 
Step 5. Forklift A drives away. Forklift B sets empty bin down. 
Step 6. Forklift B backs up with no bin. 
Step 7. Forklift B drives away. 
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E-WASTE RECYCLING 
Based on the hazards involving with electronic waste (E-Waste), students proposed.a simple process to breakdown 
c_omputers that will allow C.B.C. Recycling to increase· income without new costs. Currently the company's 
collected itenis include television sets, computer monitors, laptops and notebooks, computer processing units, 
printers, fax machines, copiers, stereo equipment, video cameras, DVD players, and videocassette recorders. These 
items are collected, stacked onto pailets, and shipped to Michigan State Industries for disposal. Michigan State 

. Industries inspects _the equipment, sorts for reusable equipment, and attempts to resell good equipment. 

Students proposed that the company uses the 
building adjacent to its current facility as the 
electronic collection center. Members of the 
community would drop off their items and an 
employee ofC.B.C. Recycling determines if the 
item is reusable. The employee will need to have 
enough knowledge to determine the status of the 
unit and.whether or not the unit is marketable. If 
the unit is marketable as a whole, C.B.C. 
Recycling can list the item on Ebay or sell it to a 
local computer store. If the unit is not marketable 
as a whole, th'e employee will then need to 
determine if the components of the unit are 
marketable. If the components are marketable, 
the employee would then take the unit to the next 
room for dismantling and place the usable 
components on Ebay for resale or sell to local 
stores. The portions of the unit that are not reused 

· can be sorted and sent for further recycling at 
Michigan State Industries. Figure 4 summarizes 
the aforementioned procedures for computer 
recycling. Due to hazardous chemicals that e
waste contain workers must be trained in 
hazardous material handling. At this time, the 
best process for breakdown of e-waste is 
unknown due the changing standards for e-waste 
disposal. Many OSHA guidelines would increase 
the cost of the process beyond current capabilities. 

ismantle/separate 
to different 

omponent types 

Sell on EBay or 
to a local store 

Items receiyed 

Sell on EBay 
orto a local 
computer store 

Separate into recyclable types 
(Metal, plastic, circuit boards, etc.) 

Send to other recycling centers 

Figure 4. Electronic/Computer Recycling Flow Chart 

SAFETY ISSUES 
Students observed a number of potential safety hazards. Some of those concerns require inexpensive repair work 
while others require more time and capital investment. For every single safety concern, students provided the 
estimated costs and related useful information, as well as, all relevant OSHA regulations. The following concerns 
were considered safety issues .which are relatively easy to fix: 

Concern 1: There are fumes and dust present in the air. The main concern was the health of the employees and what 
exactly they are breathing in. Students suggested that the workers wear protective masks and, that samples of air be 
tested for toxicants and other particles that could be hazardous to the workers. Although ventilation systems are not 
likely to be helpful for the current open building structure, if the building were to be more sealed off in the future, a 
ventilation system may be a solution to consider. A more viable solution, considering the open building structure, is 
to purchase respirators that would protect the employee's lungs from anything harmful that may be present in the air. 

Concern 2: Cleanliness of facility was considered a safety issue. An organization should have some control over 
cleanliness. According to the students' observations, some workers wore simple tennis shoes which a small piece of 
broken glass could easily penetrate. There should be some sort of requirement for the type of footwear such as boots 
with thick soles, to protect the workers by preventing puncture from glass, aluminum, etc. This would also protect 
the company from injury compensation. Another solution was to implement a better system for confining material to 
certain areas such as walling off an area for drop off/storage of material that is to be processed. 
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Concern 3: Students observed a lack of personal protective equipment (PPE) at the facility. PPE which is usually 
broken down into five separate categories ( eye and face protection, head protection, foot protection, hearing 
protection and hand protection) should be worn by all employees at the facility. 

Concern 4: A proper emergency escape route is important to keeping employees safe in the case of a fire. Students 
suggested developing an emergency route for all buildings, posting evacuation procedures on walls so they are 
visible for all employees, and finally purchasing exit signs for all exits of buildings. 

Concern 5: Fire hazards (fire prevention) at recycling center where it contains stockpiles of combustible materials 
was a safety concern. Storage areas for combustible materials should be isolated in order to reduce potential 
problems. All sorted and bailed material should be stored away from the main buildings. Enforcing no smoking 
areas near potential haz.ards, adding fire extinguishers and fire blankets to the facility were suggested. Those need to 
be located next to equipment that could potential ca~e a fire, especially ones which contain hydraulic fluid. 

Some examples of safety issues requiring more time and capital investment are summarized below: 

Concern I : An exposed electrical wire showing through a broken housing and outlets mounted on the floor are 
considered haz.ardous. One solution for the issue was to change the design of the box so that it is raised to a higher 
level and moving it away from high traffic areas so it cannot be hit or damaged by the machinery that is in use. 

Concern 2: Machine guarding seemed lacking. Proper guarding needs _to be added to each piece of equipment to 
prevent injuries during operation. The bailer contains multiple exposed moving parts that could possibly cause 
injuries to any employee in the area. Operators are constantly in contact with the conveyers, which also have 
exposed moving parts. Simple guards could be built that would prevent injures but also allow for easy maintenance. 
These guards could be designed and built in house. Further, adding lines to the floor that make people aware of 
dangerous areas may prevent people from entering. 

Concern 3: Temperature variation is a concern. However, the facility is an outdoor facility and cannot be changed 
without high costs. The work that is being performed is strenuous and during the hot weather in the summer and 
cold in the winter, injuries could occur due to the environment. The well-being of the workers could be affected by 
possibly heat stroke or frostbite. For short term, providing personal fans/heaters was proposed. However, the 
proposal is to implement heating/cooling systems. 

Concern 4: The buildings of the company have some structural issues. As of right now the building is suitable for 
the type of process and work that is being performed, but the condition is something that needs to be addressed. The 
building has been changed form its original use and the structure might not be sound, putting the workers at risk. 
One of the possible solutions proposed by students was reinforcing or repairing the problem areas that have been 
neglected. A long term solution was building a new facility to accommodate all the services, having the best layout 

to provide the most efficient and most profitable process. 

COST ANALYSIS 
Considering the budget constraints of any small company, students d~cided to categorize their recommendations into 
basic, deluxe, and premium options. They provided a table containing recommendations, cost options, applicable 
venders' names, and links to resources for: facility and equipment, process design, e-waste recycling, safety issues, 
and preventative maintenance. 

IDEAS FOR LONG TERM GROWTH 
In order to stay competitive in the long-term, students predicted that some major modifications to the floor layout 
would be needed. Students designed these improvements and suggested C.B.C. Recycling to implement a portion at 
a time in order to prepare for the overall objective. Figure 5 shows· the current layout and the proposed one. · 

To accommodate the modifications needed in the long term, an additional I 000 square foot is required. This 
relatively small space will allow for a parallel sorting line to be included in the floor layout. However, before adding 
lines the current primary sorting line needs to be located near the current baler. This will allow space in the upper 
wing to be freed up for additional conveyors. Once the primary sorting line is moved, create a second line to run 
parallel with the primary line. Both of these lines will be used to process commingles - that is, different grades of 
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plastic and glass. Through a System of small conveyors, both lines will be able to sort three different products as 
well as garbage. These are shown in Figure 6. 

Figure 5. Current Layout (on the left side) vs. Proposed Layout (on the right side) 

Figure 6. Proposed Extension of Parallel Lines . 
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To the left of the second commingle line will be a platform on which the sorters can stand. On the other side of the 
platform will be three conveyors - one for each product pulled. These conveyors will be aligned with the drop-holes 
of the primary sort line. Thus, both cbnveyors will feed to the same small conveyors. These in turn will feed into 
temporary storage bins, which win be expl~ined later. 

With the second line in place, twice ~s much volume can be handled. A final sorting conveyor will be added to 
handle all paper products. Both of the commingle conveyors will ultimately feed to the paper sorting conveyor. The 
paper conveyor will feed into the upper wing and have positions for three sorters. Each sorting position will have 
two slides in front of it. This will allow all three sorters to . separate the three paper products. Magazines can go to 
lower slide and cardboard products can go to the upper slide. The lower and upper slides then connect to-other 
conveyors which will ultimately feed into another temporary storage bin. Newspaper. will remain on the current 
conveyor and feed to another temporary storage bin as well. Figure 7 illustrates this concept. 

3 sort positions, each 
allow for separation of 3 
products. 

Both commingle 
conveyors feed to 

Figure 7. Proposed Design for Separating Different Papers Figure 8. Storage Bins to Feed the Paper Baler 

With the addition of a second commingle line and a dedicated paper line, the amount of volume processed will 
significantly increase. The current baler will not be able to handle all of the additional volume. As such, this .creates 
the need for a second baler dedicated to handle only paper products. By keeping the paper zone separate from 
commingles, chances of contamination will be significantly reduced. Figure 8 shows how the temporary storage bins 
will feed directly to the paper baler. It is suggested that the current baler remains in its current position and continues 
to process all of the volume coming from the two commingle lines. 

As mentioned earlier, all of the products and conveyors will now feed to temporary storage bins. The·purpose·ofthe 
temporary storage bins is to provide a place for a large quantity of recyclables to accumulate. Once a large quantity 
accumulates, the bin is emptied into the baler, which then compresses them. These bins will be positioned over the 
conveyor belts that feed .the baler. The storage. bins will have a sliding door on the bottom. This will allow the bins 
to directly feed the baler without the need for a forklift to transport bins around the property. Under this new setup, 
conveyors will feed directly into the bins and the bins will feed directly to the baler. (See Figure 9). A vibrating 
slide will reduce the entry of glass shards and the use of the air blower to reduce the mixing of tin and paper. 
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Figure 9. Bins with Sliding Door on the Bottom F;gure 10. Proposed Design for Tin 

Students proposed a new conveyor to be connected to both lines and carry tin to the outside wall into the same bins 
that they are currently placed in. Due to the height of both sorting lines, this conveyor will be close to the ground 
and able to travel underneath the escalating conveyor of the original baler. The exit of the tin conveyor is located on 
the northwest wall of the facility. It is at a height that allows the placement of one container to collect the tin. This 
addition, like many of the others, eliminates the need for movement on the facility floor by operators and forklifts. 
Figure 10 illustrates this concept. 

NEXT STEP 
After the completion of the project, the capstone Professor and the president of the company agreed to study the 
following issues as potential future project(s): -

• Study on logistics of whole operations (shipping, receiving, and scheduling) 
• Implementation of electronic vision and full/partial automation of the process 
• Research of the feasibility in reusing (selling whole or parts to specific consumers) components on 

existing obsolete electronic equipment 
• Development of a process for disassembling obsolete populated electronic equipment by designing a 

predominantly- automated process that is environmentally sustainable and requiring little or no manual 
labor. 

CONCLUSION 
Students used their education and played as a team to tackle different aspects of this project. The depth of their 
research especially finding OSHA regulations for a given task was commendable. Their presentation was 
professionally performed. lq Jhis regard, the highly motivational comments made by the invited guests were very 
encouraging. Feedback from both students and C.B.C. Recycling was very satisfying. In short, when the community 
works together like this all parties benefit (i.e. C.B.C. becomes more efficient and students get_a good real-world 
experience). · 
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ADJUSTABLE TAP STOP DESIGN 

Anthony Barletta, William Berry, Alexandra Schonning 
University of North Florida 

ABSTRACT 
University ofNorth Florida personnel, in collaboration with Walter Lorenz Surgical (WLS), have redesigned an 
adjustable tap stop. This· new stop allows for one handed operation while keeping costs at a minimum. This paper 
discusses the design process followed and provides details on the final design. 

INTRODUCTION 
Educational Purpose and Obiectives 
This project was undertaken by the Manufacturing lnnovation Partnership (MIP). MIP is a collaborative program 
between the University of North Florida (UNF) engineering program and industry members in the First Coast region 
in need of engineering expertise. The program is funded by a three year National Science Foundation (NSF) grant. 
Under the MIP program, UNF engineering students collaborate with local companies on engineering projects. 
Students are compensated for their work by MIP which is sponsored by NSF and the local companies. Students 
benefit from involvement in the program in that they gain valuable work experience while working on real world 
engineering projects. In addition, students learn such important skills as solid modeling, two dimensional drafting, 
stress analysis, and project management, skills necessary for their future careers. Students gain familiarity with 
industry and career opportunities present in the First Coast area. Companies also benefit from involvement. In 
addition to gaining access to engineering expertise in order to increase their productivity, the companies also gain 
access to potential future employees. Overall, MIP helps to increase awareness ofUNF engineering in the local area. 
In addition to the design objectives, there were also educational objectives for this project. One of these objectives · 
was to increase the involved students' familiarity with solid modeling and drawing standards. This would be 
accomplished during the design and analysis of individual designs. The students generated three-dimensional 
computer models and two-dimensional drawings. Another objective was to teach the students basic tolerance stack
ups and analysis. 

Original Design Description and Requirements 
Walter Lorenz Surgical became involved with the MIP .program to help prepare the future engineering workforce 
while at the same time obtain assistance in generating alternatives for their tap stop design. The MIP program felt 
that the project was appropriate since it would give students valuable experience in the design process and was well 
within their ability to complete. 

The purpo.se of this project was to design a new tap stop primarily for use in maxillofacial and craniofacial surgery. 
The tap stop control's the depth to which a tap will penetrate bone. The stop engages the tap via a set of grooves 
machined into the tap. This prevents the stop from moving along the tap's length. Only a ce_rtain length of the 
threads on the tap head is then exposed, restricting the maximum depth to which the tap is allowed to drill. 

The previous design utilized ball bearings to engage the tap. This de~ign is pictured in Figure 1. An outer collet, 
when screwed into the proper position, held these ball bearings in the grooves. When the collet was screwed back, 
the bearings were free to move out of the grooves, disengaging the stop. Though the design was durable and 
effective, it required two handed operation in screwing the outer sleeve and in engaging and disengaging the tap, 
making it somewhat cumbersome. This is the reason for a new design. 

The below requirements were established for the new design: 

1. The user must be able to operate the stop (engage/disengage) with one hand, not including the action of 
holding the tap/stop assembly, but only the manipulation of the stop itself. 

2. The diameter of the new design must ·not exceed that of the old design. 
3. The new stop must not cost significantly more than the old design. This mainly includes manufacturing and 

material costs. 
4. The front end of the stop must have the same general geometry as that of the old design. 
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In addition to the above requirements, additional "ideal" criteria were established, though not as restrictive as the 
official requirements. These were: 

5. The design of the tap should be changed as little as possible. This would help control manufacturing costs 
and also utilize a proven design. 

6. The number .of parts required to make the stop should be kept to a minimum. 
7. The _new design should be able to utilize 17-4 SS as its base material. This material has been proven to be 

suitable for surgical applications. 

Figure I: Old Tap Stop Design 

After the design requirements criteria were established, the process of designing the tap stop got under way. Several 
conceptual designs were generated via brainstorming among the involved. From these initial ideas, four were 
selected for further study: the Air Hose design, the C-Ring design, the Spine design, and the Torsion design. They 
are discussed in the following sections. 

DESIGN METHODOLOGY 
Figure 2 illustrates the design methodology used in this project. Once the design problem and requirements had been 
defined, brainstorming sessions were held in order to generate alternative tap stop design concepts. These concepts 
were then presented to the liaison engineers at WLS for feedback. Certain concepts were chosen from those 
presented for further exploration. Preliminary designs were generated based off of these concepts. These designs 
were then prototyped and evaluated for effectiveness. If the design did not satisfy the requirements, the design was 
either modified or scrapped. Once a design had been found which met the requirements and satisfied the engineers at 
WLS, the design phase of the project was considered complete. 

DESIGN CONCEPTS 
Design concepts are ideas chosen from the initial brainstorming sessions to be further investigated and developed. 
This step mostly involved· computer aided design (CAD} work in order to present more clearly the actual working 
functions on each idea. Each of these· design concepts was then presented to the coilaborating engineers -at WLS for 
feedback. · 
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Concept 1: Air Hose Design . . 
This design utilized ball bearings just like the old tap stop. However, instead of screwing the outer collet over the 
sleeve to hold .down the ball bearings, the collet was designed to slide over the sleeve, without either part being 

· threaded. To.disengage the stop, the collet would be pulled back by the user's fingers. A spring inside the stop 
would push the collet back into an engagement position when the user releases force on the collet. The operation of 

· a stop of this design would be similar to engaging and disengaging an air hose coupling, hence the name. A picture 

. ·ofa model of_this design is shown in Figure 3. 

Press 
Fitted 

Ring 

I 
I 

~ 
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Figure 3: Air Hose Assembly Drawing 

Concept 2: C-Ring Design 

eeve 

I 
I 

Another design alternative did away with the use of ball bearings and instead used "C-rings" to engage the grooves 
in the tap. This design is shown in Figure 4. The rings would be attached to a pair of spring loaded buttons which 
would pull the rings outward when not subjected to a force. This pulling action, better viewed in Figure 5, would 

. narrow the gap between the rings such that part of the rings would lie within a tap groove, therefore restricting 
motion of the tap. To disengage the stop, the user would press the buttons down, widening the gap present between 
the rings. This would give the tap enough room to move freely in and out of the stop. 

. \ ,. . 
Figure 4: C-Ring Concept 

. . 
Figure 5: C-Ring in engaged (left) and disengaged (right) positions 
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Concept 3: The Spine Design 
The name for this design comes from the look of the main body of the tap, which resembles a spine. The general 
idea would-be to cut tabs out of the· tap at certain intervals, which would engage the inside of the tap stop with a 
ninety degree turn. This idea was decided against because of the extreme difficulty in machining, which would result 
in higher cost. Figures 6 and 7 show the tap with cuts and the spine stop, respectively. 

Figure 6: Conceptual cuts in the tap used in conjup.ction with a spine design 

Figure 7: Spine Design Stop 

Concept 4: Torsion Design 
The • fourth design from the initial series of brainstorming sessions would be the Torsion Design. This design 
involves a torsion spring contained inside the main body of the stop itself, which is the centerpiece of the entire 
design. This design was chosen to proceed to the next level of design so it is discussed in more detail in the section 
titled Init~al Designs. 

Concept Evaluation and Selection 
The previously described conceptual designs were presented to the liaison engineer from WLS. The Air Ho~e 
concept was not chosen due to ergonomic concerns. A liaison from the company feared that the action of pulling the 
small collet back with the fingers would be too cumbersome and inconvenient. This concern was shared by those 
involved. For this reason, the Air Hose concept was not selected. The Spine design was not selected because of 
difficulty in machining, as previously mentioned. · 

The C-Ring and the Torsion concept were chosen for further development. These concepts were chosen mainly 
because their operation was user friendly and they could easily be machined using the technologies available at 
WLS. The company liked the idea of using a clamping action such as that used in the C-Ring concept. More detailed 
three dimensional CAD models and drawings with dimensions and t_olerances were then generated for these two 
design concepts. AutoCAD was used in generating the two-dimensional drafts and some drafting techniques from 
[1] were used. · · 

INITIAL DESIGNS 
The chosen conceptual designs were further studied and resulted in three new design concepts during the initial 
design phase. For each of these initial designs CAD models and draft sheets were developed so that prototypes 
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could be made by the machinists at WLS. The following sections describe the three initial design alternatives 
generated. 

Initial Design· 1: Clamp Tap Design 
This tap design was derived from the previous C-Ring concept and is shown in Figure 8. However, instead of 

· having C-rings pulled ·outwards to engage the grooves, the clamp design utilized small clamp parts pushed inward. It 
· was decided that it would be more practical to utilize an µiward acting spring force into the tap stop than one which 

· acted outward as it would be difficult to connect outward acting springs to the main sleeve. In the Clamp Design, the 
· inwar~ acting spring would take the form of an O-ring or spring-ring.that would fit around the stop body. 

Figure 8: Clamp Design Assembled 

To disengage the stop, the user would press down on the lever arms of the clamp parts. This would cause each part 
· to rotate around the pivot arm groove which would lift the engaging arm out of the tap groove, allowing the stop to 
move freely along the tap. Figure 9 illustrates this process. When the user releases pressure on the long lever arms, 
the spring ring would push the engaging arms back down into one of the tap grooves, thus preventing further 
motion. 

Figure 9: Clamp Design Disengagement 

A prototype of this design was made, as shown in Figure 10. The prototype functioned in the sense that it was 
easily manipulated with one hand and held the tap securely. However, there were significant issues that prevented its 
use. Among these were issues with the O-ring and a slight movement of the stop under force. After a redesign was 
attempted, the Clamp Design ·was abandoned. The use of a clamp action, however, was not discarded. 
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Figure 10: Prototyped Clamp Stop 

Initial Design 2: One Piece Design 
In Figure 11 is a picture of the CAD model of another design considered, referred to as the One Piece Design. This 

design uses the same clamping action first considered in the C-Ring pesign. The design in Figure 11 uses the body 
of the stop itself as a spring. This allows for a one piece design, hence the name." 
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Figure 11: One Piece Design 
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This design relies on using the stop body itself as a spring,•with two arms connecting the front and rear halves of the 
part undergoing the greatest ainount of deformation. To ensure no part of the stop plastically deformed, a stress 
analysis was performed using hand calculations and finite element methods. Bending mo~ent stress equations in [2] 
were used for the hand calculations. Values_for the yield strengtft of stainless steel were found in [3]. The thickness 
of the arms was designed according to. the results of these analyses so that the arms would not bend too little or too 
much when subjected to a reasonable compressive force. 

The concept of a _one piece stop design was also exploted by one of the company liaisons, who later came up with a 
similar but unique design. Although no prototype was made of the One Piece Design generated by the authors, a few 
were made of the design generated by the liaison. These prototypes did work in that they securely held the tap and 
could be engaged and disengaged with one hand. However, it was decided not to use this design and instead proceed 
with other concepts. 

Initial Design 3: The Torsion Design 
The conceptual torsion design was chosen to be further investigated as a possible final design idea and the updated 
version of this design is shown in Figure 12. The main idea behind the Torsion Design is to use a series of ball 
bearings to capture the tap and prevent it from moving in relation to the tap stop. By twisting the outer body of the 
tap stop the ball bearings will become aligned with a relief on the inside of the outer housing, then the balls that are 
held against the tap will be released. 
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Figure 12: Torsion Design Assembled (Solid Rendering) 

In the rest position, the tap stop will be locked into the tap by the ball bearings. piis will be caused by the torsion 
spring, which will be located in a cavity within the outer housing of the tap stop. The spring will apply an adequate 
amount of force ·to keep the ball bearings held against the tap by forcing them into the flat section of the tap stop's 
outer housing. The twisting motion of the outer housing will cause the spring to wind up or tighten; so that when it 
is released it wi,l return to the closed or locked position. 

In determining the proper cut-out relief inside the outer body of the tap stop, it was necessary to ensure that the relief 
are large enough so that the balls can disengage the tap but not too large so that th~ balls would get trapped. Due to 
the complexity of the ball bearing relief, special attention was put on machining, ensuring that the end mill would 
not have to cut deeper than one and a half times its diameter. · 

The fitment and function of the spring was the largest problem with the tap stop. With enough time and some trial 
and error a functioning prototype could have been developed but the feel of the tap stop was still not good enough to 
replace the current design. However, the ideas behind the torsion design, particularly the twist release, were retained 
in the next iteration of the tap stop. The next and final step of this project came to be known as the Cam Design, 
discussed in the next section. 

SELECTED DESIGN: THE CAM DESIGN 

Design Description · 
The final design selected for prototyping, further testing, and development is that shown in Figure 13. There are 
seven parts in this design: one sleeve, one collet, one press fitted ring, one linear spring, and three ball bearings. This 
design, known unofficially as the Cam Design, can be thought of as a modification of the Torsion Design previously 
explored. In the Cam Design, a collet slides over the sleeve part and is pushed forward into an engagement position 
by a spring between its rear and a press fitted ring. Ball bearings are used to engage the tap. The ball bearings are a 
proven and successful solntion, as ~as demonstrated during the design process. 
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Figure 13: Cam Design Assembly 

In the previous Air Hose concept, the collet was simply ·pulled back by the user's fingers in order to disengage the 
stop. It was later decided that this action was too cumbersome. The _Cam Design solves this problem by using a 
twisting action to accomplish the same relative motion between collet and sleeve. A sinusoidal-like profile at the 
front end of the collet mates with a similar profile cut into the sleeve, as seen in Figure 13. To disengage the stop, 
the user would twist the collet about the sleeve. The wave profile on both ·parts would convert this rotational motion 
of the collet into an axial one, moving the collet back towards the sleeve's rear end. This axial motion of the collet 
would release the ball bearings, therefore disengaging the stop. To reengage the stop, the user would release the 
collet. A spring between the collet and the rear press fitted ring would push the collet back into its original position. 
The collet would be free to rotate so as to allow its wave profile to properly mate w_ith the matching profile on the 
sleeve. 

Analysis and Tolerance Stack ups 
Calculations were performed in order to determine how much torque would be required to twist the collet. This 
torque would mainly depend on the stiffness of the spring used inside the stop. The maximum torque was found to 
be Q.3 lb*in, indicating that the collet could easily be twisted to ·disengage the stop. 

The tolerance stack up portion of the analysis was performed to assure that the assembled tap stop would work under 
the worst machining scenario. This worst case scenario occurs when one piece of the assembly is machined to an 
extreme set of tolerances, while at the same time another part of the assembly is machined to the opposite set of 
tolerances. This could cause misalignment of parts, which is what the tolerance stack ups would prevent. 

Cam Profile Modeling . 
In the original Cam Design, the wave profile on each part was modeled with a sinusoidal function. However:r due to 
machining difficulties, the profiles on both parts needed to be modified. It was decided to slightly alter the profile 
itself. Instead of a sinusoidal wave, the profile would be modeled with a series of line segments connected via arcs at. 
the crests and troughs. This information was programmed into the CNC lathe, and successfully machined. 

Prototype of Final Design 
A picture ofa prototype stop is shown in Figure 14. 

309 



Proceedings of the 2006 IEMS Conference 

Figure 14: Prototype Cam Assembly on Tap 

The. operation of the prototyped Cam Design was tested to ensure it worked properly and in accordance with design. 
specifications. The stop should operate so that it could be engaged and disengaged with one hand, and it would hold 
the tap securely with no significant axial movement once engaged. Indeed, the tap met both of these requirements, as 
well as the other design requirements. 

SUMMARY AND CONCLUSION 
The Cam Design satisfied all the design requirements and was simple to operate. It could easily be diseugaged and 
held the tap securely once engaged. In addition, all the parts for the Cam Design could easily be manufactured using 
techniques readily available to WLS. WLS was satisfied with the design, and the Cam Design was chosen by the 
company as a success to be used in further testing, development, and market analysis._ 

In addition to achieving the design objectives, the project was also successful in achieving the original educational 
objectives. The involved students gained valuable experience in the design process by taking part in the design of an 
actual product. During this project, the students were required to learn essential solid modeling and drafting skills as 
well as how to perform a basic tolerance analysis, which they accomplished. 
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FINITE ELEMENT ANALYSIS OF A POOL CUE 

Spencer Schwab, Stephen Thompson, Alexandra Schonning 
University ofNorth Florida 

ABSTRACT 
The Predator Z series shaft has been simulated using finite element modeling and analysis by undergraduate 
students. The software, I-DEAS I 0, was utilized to model three types of shots at a cue ball velocity of seven mph. 
The force was applied to a point on the linen phenolic tip to simulate a straight shot, a maximum english shot and a 
shot half way in between. The cue was constrained in the radial direction at the tip, front, and back hand locations. 
The back hand was also constrained in the direction of the force for a static analysis. The materials researched and 
applied to the model were isotropic and orthotropic to accurately simulate the action of a pool shot. 

INTRODUCTION _ 
Predator Cues is the premier company since ·the mid 90's in applying technology and research to the game of 
billiards. Their research for new ideas never ends to produce some of the best products on the market. Their latest 
task is to analyze the response of the Predator Z series shaft using maximum english and compare it to the response 
with moderate and no english. · 

English is applying the force of the cue to the off center location on the ball to create ball spin in that direction. The 
spin will then help navigate the ball to the desired location on the table. Predator has found that a cue tip that moves 
out of the way and absorbs the side force creates a more accurate shot than a cue tip that pushes the ball out of the 
way and lets the force deflect the ball. This was the reason for designing the Predator Z series shaft with a hollow 
tip. When used correctly the new cue will increase consistency of shots and therefore improve ones game. In order 
to find out exactly why this new design performs better, the finite element modeling (FEM) application of a 
computer aided engineering software, I-DEAS 10, was used to accurately model an average shot to gain an 
understanding of the response of the cue. Modeling details and the resulting data are presented and discussed in the 
following sections. 

METHODOLOGY 
Computer Aided Design 
Given the dimensions provided by Predator for their Z series shaft, the solid model was drafted in three parts; the 
wood shaft, the ferrule, and the tip. The wood shaft was modeled as a section and revolved to form a solid with five 
points of interest to match the Predator's geometry; the two end points and three mid points separating the straight 
taper from the concave and convex radii. The quarter inch diameter hole in the tip with a depth of five inches and 
the ferrule connection were also modeled to simulate the shaft. Additional partitions were created for smoother 
meshing and boundary conditions. The ferrule and tip were created in a similar fashion and all three parts were then 
assembled and joined. The resulting solid model is shown in Figure I. 

:L, ____ _____ __ . 
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Figure I: Computer aided design model of the pool cue. 

The connection between cue and shaft of the pool stick was omitted as the connection was designed to replicate a 
solid shaft. Although the actual pool stick consists of ten wedges glued together, the solid model was designed as a 
single solid assuming that the .glue joint between the wedges behaved similarly to the surrounding material. 

311 



Proceedings of the 2006 IEMS Conference 

Finite Element Modeling . 
· Once the solid model was created the next step was to design a finite elemerit model. The preprocessing of the finite 
element (FE) model consists of four stages: the mesh, material properties definition, application of boundary 
conditions and loads. The following sections describe how each stage was performed. 

Meshing 

The first stage of finite element modeling was the task of meshing~ A manual mapped mesh technique was 
employed for superior control of the mesh compared to a free mesh. A hexahedral mesh was generated consisting of 
11392 elements. With the force applied to the tip and the majority of the reactions in this area, the mesh density was 
finer in the tip of the shaft and then reduced gradually towards the butt. This reduced the computational time while 
keeping accuracy at an optimal level. The surface elements of the tip are shown in Figure 2. 

Figure 2: Shaft tip mesh. 

Material Properties 

The pool stick modeled in the analysis consisted of three materials; northern sugar maple for the shaft, isoplast 202 
for the ferrule and linen phenolic for the tip. The shaft was modeled using orthotropic material properties and the 
ferrule and tip were modeled with isotropic material properties. The material properties for sugar maple are listed in 
table I. The z-direction of the material was aligned with the longitudinal axes of the pool stick, the x-direction was 
aligned.with the radial axes, and they-direction was aligned with the tangential axes. 

Label Description Value Units 

Ex Modulus of elasticity in x direction 188.8 ksi 
Ev. Modulus of elasticity in y direction 241.2 · ksi 
Ez Modulus of elasticity in z direction 1827.5 ksi 
u~ Poisson's ratio (xy) 0.349 unit less 

Uvz Poisson's ratio (yz) 0.065 unit less 

Uzx Poisson's ratio (zx) 0.037 unit less 
Gxv Shear modulus (xy) 38.4 ksi 
Gvz · . . Shear modulus (yz) 202.9 ksi 
Gzx Shear modulus (zx) 115.1 ksi 
p Density 0.0206 lbn/in3 

Table I: Material properties of sugar maple [1]. 
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The shear modulus in ~e xy ~lane was not available for sugar ~aple, but was estimated to be 0.021 *Ez. This value 
for the shear modulus 1s consistent ~mong numerous other hard woods. The material properties were aligned such 
that the tan~enti~l direction ofthe_wo~d w~ aligned in the radial direction from the center of the cue. Figure 3 
shows the drrect1on of the tangential drreclton of natural wood, how it is actually aligned in the pool cue, and how it 
was estimated in the finite element model. 

Wood Actual Esimated 

Figure 3: Direction of grain alignment. 

The tip was modeled using an isotropic material model of linen phenolic due to the complexity of the leather 
material. This material is used in Predator's break cues and is a close substitution. The properties used are listed 
below in Table 2. The Poisson's ratio oflinen phenolic was not available so an estimated value was assumed based 
on the Poisson's ratio of a similar material, melamine phenolic [2]. 

Label Description Value Units 
E Modulus of Elasticity in x direction 1050 ksi 
u Poisson's ratio 0.33 unit less 
p Density 0.0484 lbn/in3 

Table 2: Material properties of linen phenolic [2, 3, 4]. 

The ferrule was modeled using an isotropic material model of isoplast 202. The properties used are listed below in 
Table 3. 

Label Description Value Units 
E Modulus of Elasticity in x direction 260 ksi 

u Poisson's ratio · 0.15 unit less 
p Density 0.0434 lbn/in3 

Table 3: Material properties of isoplast 202 [5]. 

Boundary Conditions 
In order to accurately model an average shot, one must apply the correct hand-to-shaft relationship. The boundary 
conditions applied simulate the hand grip at the front and back hand locations, and also the reaction force between 
the ball and cue tip. Constraints were modeled in three locations; one at the front hand, one at the back hand, and 
one at the tip. The front hand, back hand, and tip location were constrained using cylindrical coordinates to resist 
motion in the radial direction. For the fiont hand location, resembling the bridge, only the edge at a partition was 
constrained allowing the cue to pivot about this boundary condition - or the fingers. In addition to a radial 
constraint for the back hand location, a longitudinal constraint was also applied in order to hinder rigid body motion. 
The back hand support was applied six inches measured from the butt end, the front support was applied ten inches 
measured from the front of the shaft, and the tip constraint was applied to the location between the tip and ferrule. 
The three boundary conditions are shown in Figures 4, and 5. 
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a b 

Figure 4: Boundary Conditions. Figure (a) shows tip and front hand and figure (b) shows back hand. 

Load Application 

After the hand grips were modeled, the force due to hitting the ball was applied. Modeled as a static load, the force 
was applied to the .tip of the shaft. In an actual shot the force of the ball is distributed over a very small area and it 
was therefore decided that a point load application would characterize the physics of the problem. 

Impact calculations were performed to determine the required cue force that would simulate a cue ball impact and 
produce a ball speed of seven mph. An impact time of0.0013 seconds resulted in a force of91 pounds. 

Three different analyses were performed. One was performed for a shot aligned with the center axis of the pool cue, 
a second analysis was performed in which the force direction was slightly offset from the center axis of the pool cue 
and a third analysis was performed in which the direction of the force was offset with a maximum english. Each of 
these load cases are described in more detail below. 

• The first analysis, Case 1, contained a straight-on shot to the center of the tip. 

• The second analysis, Case 2, contained a shot with moderate english. For this analysis the contact point on 
the ball was offset 0.175/2 inches (half the distance of Case 3). This corresponded to an offset distance of 
0.056" from the central axis of the shaft and an offset angle of one degree. · 

• The third analysis, Case 3, includes the maximum english shot. The location of the point of contact 
between the ball and the tip is 1/6 the balls diameter away from the center of the ball as shown in Figure 5. 
The contact point on the pool cue is located a distance of0.111 inches away from the center.axes of the 
shaft and acts at an angle of two degrees. 

baN'1tamete, 
- &-

Figure 5: Location of force application. 

The resultant force applied to the tip of the cue consists of a frictional and a normal component. Since the cue ball 
travels in a direction parallel to the longitudinal axis of the shaft, the direction of the resulting force must be aligned 
with the axis of the shaft. The vector addition of th~ normal and frictional force components can be seen in Figure 
6. 
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F = Impact Force 
$ = Frictional Force 
N = Normal Force 

Figure 6: Normal and tangential vector components of the impact force. 

RESULTS 

The location and magnitude of the deflection and the von Mises stresses were obtained for the pool cue. Table 4 
shows the values of the maximum deflection, located between the tip and front hand location, and the peak von 
Mises stress for the three load cases analyzed. 

Load Case Maximum von Location of Maximum x- Maximumy- Maximum z-
Mises Stress Maximum von deflection (in) deflection (in) deflection (in) 
(ksi) Mises stress 

from tip (in) 
Maximum 4.86 0.36 0.0376 0.0250 0.000800 
"English": 

.Moderate 3.42 0.36 0.0367 0.0124 0.000701 
"_English": 

Straight 2.17 0.36 0.0364 0.000636 0.000601 
Shot 

Table 4: Stress and deflection results. The Cartesian coordinate system used for the load application had the x-axes 
aligned with the pool cue axes, the y-axes in the horizontal plane and the z-axes pointing· in a vertical direction. 

The peak stress distribution in the pool cue for load cases l, 2, and 3 are displayed in Figures 7, 8, and 9 
respectively. The peak von Mises stress was located in the front end of the wood, specifically in the region where 
the wood changes geometry to accommodate the ferrule. For a straight-on shot, this location oflargest maximum 
von Mises stress agrees with physical reasoning. The stress was developed due to an axial load that is evenly 
distributed over the cross section. The maximum stress was likely to be located where the cross section was the 
smallest and where there are stress raisers. For load cases 2 and 3 the majority of the load was still applied in the 
direction parallel to the shaft. However, the small moment creates bending stresses in the pool cue due to the off 
axis force component. The maximum von Mises stresses for all three cases are located in the tip of the shaft, where 
the cross section geometry was modified to accommodate the ferrul~. 

It can be observed that a slight displacement was obtained in the plane perpendicular to the axis of the shaft for all 
three load cases. This off-axis displacement can be explained due to the offset force for load cases 2 and 3. For load 
case 1 this off-axis displacement is likely caused by buckling effects, slight non-symmetry in the mesh, or by slight 
non-symmetry in the load and/or boundary conditions. The displacements and stresses obtained are due to static 
loading and not due to the dynamic application of an impulsive force. Once this dynamic behavior is incorporated , 
into the model it is likely that the displacements and stresses will vary as a function of time. The colored fringes in 
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Figures 7 - 9 represent the von Mises stress level. A red color indicates high stresses while a blue color indicates 
low stresses. It should be noted that the displacements in the Figures are greatly exaggerated for display purposes . 

. Only the wood portion of the cue was displayed in the Figures. 
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Figure 7: Case I von Mises stresses 
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Figure 8: Case 2 von Mises stresses. Figure (a) shows exaggerated displacements and (b) shows actual 
displacements. 
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Figure 9: Case 3 von Mises stress. Figure (a) shows exaggerated displacements and (b) shows actual displacements. 
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DISCUSSION AND CONCLUSION 

A computer model of the pool cue ~as developed and a static finite element analysis was performed for three 
different loading scenarios. As discussed ,in the results section, the stress location agrees with physical reasoning. 
Improvements in the results can be obtained by modeling the load as an impact between the ball and the cue, by 
making the boundary conditions account for the relative movement in the hands, and by modeling the contact 
between the ball and the pool cue. It is recommended that a dynamic analysis be performed in which both the ball 
and the cue stick are modeled. Initial results have been obtained that provides valuable information in analyzing the 
behavior of the pool cue and that can lead to more sophisticated analysis. 
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OPERATIONS MANAGEMENT CURRiCULUM TRENDS AT LEADING 
UNIVERSITIES IN THE UNITED STATES 

Nael A. Aly, Alan S. Khade and Gene Murti 
California State University, Stanislaus 

ABSTRACT 
This paper studies, analyzes and compares the undergraduate and graduate Operations Management curricula in a 
group of leading universities in the United States. This paper also projects emerging trends in the undergraduate and 
graduate Operations Management curricula. · 

INTRODUCTION 
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. 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 US and abroad 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 ( 1,2). The 
pllrpOse of this paper is to compile and analyze the course offerings at the graduate and the undergraduate levels. 
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 programs. · 

The paper will look at the undergraduate and graduate programs at fourteen leading universities. In addition we will 
examine the programs at top universities that offer only graduate programs. 

OPERATIONS MANAGEMENT TRENDS 
Twentieth century had seen tremendou_s changes in the field of operations management. During most of the 
twentieth century, America dominated the world in creating efficiency in mass production. The first three decades 
concentrated on economic efficiency with emphasis on principles of scientific management promoted by Frederick 
Taylor, and time and motion studies of Frank and Lillian Gilbreth. Then came Gantt with his scheduling charts and 
Henry Ford with his moving assembly line innovation. Economi_c efficiency approach to Operations Management 
concentrated on improving the physical environment of the work place, leading to pheno~enal boost in efficiency. 

The forties and the fifties saw the development of human relations approach to management, which leq to additional 
efficiencies. This approach to Operations Management enhanced the psychological environment to increase 
productivity. During the Second World War, scientific approach to solving logistical problems led to quantitative 
decision tools that came to be known as Management Science. During the sixties there was a great deal of emphasis 
on Project Management, Inventory Management, and Materials Requirements Planning (MRP). Efficient mass 
manufacturing then required large lots, and inventory build-Ups were the necessary evil. Unfortunately, the quality 
of manufacture was declining at the same time. 

In the 1970's Japan was bolstering its manufacturing prowess by improving quality management and using Just-in
Time (Jin manufacture. These helped them to become very competitive in _some key industries. Facing the Japanese 
onslaught, American companies began to learn JIT and TQM {Total Quality Management) from the Japanese. To 
regain competitiveness in. the world market, many US companies implemented TQM programs in the l 980's. In the 
latter half of the 1980's US companies also began to implement a somewhat harder concept, Just-in-Time 
manufacture. 
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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. Advent of computer and internet. revolution spawned technology-based 

solutions~ including SAP, ERP, TPM, E-commerce, Supply Chain Management, and international electronic outlets 
such as Amazon and e-:bay. Quality management evolved towards Six-sigma manufacture. Since the beginning of 
the 21 st century, le~ manufacturing and lean-sigma have become the rage. 

Operations. Management in the last two decades had to dynamically evolve as a result of rapid globalization, 
international competition, worldwide sourcing supported by adv~ces 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. 

CURRENT ST A TUS OF OPERATIONS MANAGEMENT IN LEADING US 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 pulilished on the website of the University of California, Berkeley and a list of America's .Best Colleges 
and Best Operations Management Programs, 2006, published by US News Reports. Even though goals and markets 
for these leading universities are different from those of the California State Universities and other similar 
universities, these leading universities usually offer cutting-edge Operations Management curricula which can be 
used as a benchmark for other universities. Table 2 ·shows the complete list of the fourteen selected universities and 
their undergraduate Operations Management course offerings. Again, 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. For the purpose of standardization of course titles for inclusion, the actual course names are 
· sometimes modified based on the course content to match standard names used in Table 1. 

In recent years, there has been a significant shift toward developing and including a course in supply chain 
management. The Supply Chain Management course is offered by thirteen out of the fourteen (92%) leading US 
universities. As the field of Supply Chain Management has grown rapidly in the last five years, the leading US 
universities have added this course to prepare their students for careers in the Supply Chain Management field. 

Although the field of Quality Management has been around for a long time, it is still a relevant and popular field as 
indicated by nine ~iversities offering a course in Quality Management (64%), as shown in Figure 2. Courses in 
Materials/Inventory Management and Project Management are offered by eight universities (57%), reflecting the 
continuing importance of these fields. The Strategic Operations Management course is offered by 50% of these 
universities. This course is becoming increasingly relevant due to the increase in global outsourcing, the complex 
and dynamic nature of glpbal markets, and the need to have a global general management perspective in Operations 
Management. 

We also studied the graduate (MBA) operations management curriculum at the ·same set of fourteen leading 
universities. The details of MBA program curricula are presented in the Table 2. It is interesting to note that the 
Supply Chain Management course is most popular course in the operations management curriculum, in that, the 
course is offered by 92% of the leading universities (Figure 2). This means the operations management curriculum 'is 
lead by Supply Chain Management course both at the undergraduate and graduate curricula. 

Further, we can observe that more emphasis is placed on Service and. Strategic Operations Management in the 
graduate curricula than in the undergraduate one. Service Operations Management offerings in the graduate 
programs is twice that of offering in undergraduate ones Gumping.from 38% at the undergraduate level to 77% at 
the graduate.) Strategic Operations Management coverage also increased from 54% at the undergraduate level to 
690fc, in the graduate programs (Figure 2). The Quality Management is slightly less emphasized in graduate programs 
compared to the undergraduate ones. Global Operations Manage~ent course is still at the tail end (15%) in graduate 
programs versus undergraduate programs (31 % ) · 
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GRADUATE OPERATIONS MANAGEMENT CURRICULA IN LEADING U.S. AND INTERNATIONAL 
UNIVERSITIES THAT DO NOT OFFER OM UNDERGRADUATE PROGRAMS 

Another fourteen ''top of class" national and international universities known for their excellent Business graduate 
programs are also studied. These.universities don't offer OM undergraduate programs. 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 MBA progr~ms and Best Oper3tions Management Programs, 2006, published by US News 
Reports. Table 3 shows the complete list of the fourteen selected universities and their graduate Operations 
Management course offerings. Again, the basic courses in Operations Management and Management Science are 
not included in the table because they often represent the. core requirements for all MBA students. 

Table 3 MBA OM Courses Offered By Leading U.S. and International Universities Which Don't Offer Undergraduate OM Programs 
· · (The listing does not include Basic OM and Management Science .Courses) 

MBA o ·Htratlons Manaaement Course Offertnas 
University/ 

Quality ~ic Service Project Mat/ lnt'I I Mgmt. Cont Loglst Other School SCM Mgmt. Invent Global Mgmt. OM OM Mamt. OM Tech. OM ics Courses 

UC Berkeley - Yes Yes Yes Yes · Yes Yes 1 Haas School 

2 
Harvard 

Yes Yes Yes Yes Yes Health Care 
Universltv 

. . 
Tech+ODS. 

3 
Stanford 

Yes Yes Yes Yes Tech OM University 
4 U. of Chicano Yes Yes BPR 
5 ColumbiaU Yes Yes Yes Yes Yes Yes 

• INSEAD France Yes Yes Yes Yes 
London Business Yes Yes Yes Yes ' 7 School 

• Da!lrtmouth - Tuck Yes Yes Yes Yes Yes 

t u Rochester- Yes Yes Yes Yes Yes Yes Yes Health Care 
Simon Oas 

10 Purdue U- Yes Yes Yes Yes Yes Yes Yes Krannert I 
11 U of Minnesota Yes Yes 

12 Duke U- Fuqua Yes Yes Yes Yes Yes Yes Suply/ 
Dmd.Mamt 

13 HM- Calcutta Yes Yes Yes Yes Yes Yes Yes 

14 1SB- Hyderabad Yes Yes Yes Yes Yes Revenue 
llamt 

Total # of Schools 13 3 6 9 5 5 5 9 14 1 Offering Course 

%of Schools 93 21 46 64 36 36 36 64 100 7 

As Figure 3 shows, Supply Chain Management again leads the pack (93%). Service OM is the second highest 
(64%) as was the case in the previous group of graduate programs. Management of Technology is significantly 
higher (64%) than in the previous group (44%). Quality Management (21%) is surprisingly low compared to the 
previous group (62%). There is also a sharp decline in Logistics (7%). Perhaps it has been·rolled into Supply Chain 
Management. Materials/Inventory Management is also lower (36%) than in the previous group (62%). 

GRADUATE OPERATIONS MANAGEMENT CURRICULA IN LEADING 
U.S. AND INTERNATIONAL UNIVERSITIES 

When the graduate program data for all the twenty seven leading U.S. universities listed in Tables 2 and 3 are 
combined, Supply Chain Management (93%) and Service OM (70%) lead in course offerings as shown in Figure 4. 
Surprisingly, Global OM is offered at only 19% of the universities despite the importance of globalization issues in 
MBA programs. Interestingly, Quality Management which was a star only a few years ago, has slid to 7th place 
(41%) ahead ofonly Global (26%) and Logistics (19%). Project Management and Materials/Inventory Management 
are solidly in the middle. Conspicuous by its absence is Lean Manufacturing, which is now a hot thing in 
manufacturing. Not even a single dedicated course in this emerging area was· to be found! Six Sigma is also very 
popular in many businesses , and still no dedicated course is to be found. Of course it is safe to assume that these 
topics may be covered in other OM courses. 
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EMERGING TRENDS AND CONCLUSIONS 
By studying the undergraduate Operations Management curricula in thirteen of the leading US universities which 
offers OM programs, and comparing those with the graduate Operations Management curricula at the same 
universities, some interesting differences, as well as some similarities, are observed. The most frequently offered 
OM course at the undergraduate and graduate levels is Supply Chain Management, where 92% of the undergraduate 
programs at these universities offer this course, compared to 93% of the graduate ones. Service and strategic OM 
courses offered at the graduate level are significantly higher than that at the undergraduate one. Quality 
Management is slightly less emphasized at the graduate level. Global OM is the least offered OM course at both 
undergraduate and graduate levels. Interestingly, Purchasing Management is tied in the last place among the leading 
US universities with only 31 % of them offering the course. It is apparent that leading US 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. 

It is safe to conclude that the graduate programs in the leading US 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 future, 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 ar~ likely to merge into the Supply Chain Management area. While, courses in Strategic Operations 
Management, Management of Technology, and Lean Manufacturirig 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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APPLICATION OF LEAN VALUE STREAM MAPPING TO AEROSPACE 
COMPOSITE PARTS FABRICATION 

Manocher Djassemi, Eric Olsen and James Sena 
California Polytechnic State University 

ABSTRACT 
This paper describes an university-industry collaboration effort which investigates opportunities for improved 
operations performance at the composite part fabrication facility of a major aerospace company. Value stream 
mapping, a lean manufiicturing tool, together with information systems gathering techniques, was used to document 
the value added and non-value added processes in .the fabrication facility. The opportunities discovered for 
improving the existing system and future direction of the project are discussed. , . 

INTRODUCTION 
The concepts of lean manufacturing and lean thinking have become a prevalent management approach in U.S. 
factories over the past decade. Lean manufacturing was developed based on the Toyota production system (Womack 
and Jones 1990, 1996; Liker 2004), as a means to eliminate all forms of waste or non-value added activities, and to 
improve production cost, quality, and delivery. The adoption ofleaµ production involves the utilization of one or 
more lean pra~tices including value stream mapping, pull production, cellular flow, employee involvement in 
problem solving, total productive maintenance, standardized work, statistical process control, etc. 
The lean approach originated within the automotive industry (Crute, et aL 2003) . However, the contrast between the 
high volume setting of the automotive industry and the low volume environment of aerospace is significant. A 
typical aerospace production environment can be found in airframe component production at the Composite 
Fabrication Center (CFC) of a major aircraft manufacturer. The production system at this facility is characterized by 
low volume, long processing times, and labor-intensive processes. There are a number of technological requirements 
involved in fabrication of composite parts including: · 

1. Cutting of carbon-epoxy and nylon-polyester composite plies 
2. Hand lay-up (lamination) of plies using molds to shape airframe composite parts 
3.. Curing composite parts in an autoclave 
4. Trimming and drilling operations 
5 ~ · Inspection 
6. Final assembly 
7. Painting _ 

The company participated in an extensive lean training and implementation program in the late l 990's. Management 
believes that some form of revisiting and perhaps revitalization might be merited given the prospects, changing 
technologies and anticipated aerospace manufacturing dem~ds for the next decade. Lean thinking constitutes 
additional considerations in capacity and customer satisfaction. To investigate the opportunities that lean thinking 
provides, and to strengthen the company's relationship with academia, management approved a lean manufacturing 
project with faculty from the Industrial Technology and Management areas at California Polytechnic State 
University (Cal Poly). The project started in Fall 2004 to study the operation at C;FC with the following objectives: 

1. Document the state of existing system . 
2. Identify the opportunities for improvement (Kaizen) 
3. Develop executable solutions · 
4. Propose a future state system 

The project consisted of three phases spread over three years. The first phase produced a requirements document 
included the scope of work for the two next years of work - Phases II and III. Phase II consisted of three parts: 

Familiarization and assessment of current process and established plans; 
A lean practice implementation survey; and 

. • A material flow/facility layout analysis and improvement. 
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Since the first parts of the project" were focused on understanding the exiting system, the team decided to study only 
one part, having the highest value and volume at the CFC. Close examination of parts lists used in the aircraft's 

· airframe and associated processing requirements revealed a significant similarity among these parts in terms of part 
routing. It was determined that the exterior skins of the vertical stabilizers of the aircraft are representative of the 
majority of composite parts being manufactured at the CFC. The team dec.ided to use value stream mapping (VSM) 
to document the current and future state of the operation. Concurrently, information and visual operations 
depictions were gathered and encompassed with the VSM. · 

THE NEED FOR LEAN 
Although the CFC facility, as part of a larger corporate strategy, has embraced the concept of lean thinking, the need 
for continuous improvement and increased capacity are driving forces behind management's interest to obtain the 
external expertise assistance. More specifically, an in-depth .study was needed as a source of data for evaluating the 
performance of existing facilities and identifying improvement opportunities. From company's viewpoint , they view 
the university-industry relationship as one that could provide them a "fresh look" - perhaps one additional idea. 
They also hope that the faculty team could provide them with input to the new model for generating leading-edge 
manufacturing processes. To support this hope, the company felt they had to educate the faculty. They needed to 
gain knowledge about the factory floor - to build and tap into organizational memories; establish synergistic and 
symbiotic relationships; and to act as an outside "change" agent - generating and disseminating new knowledge and 
ways of doing things at the faciiity. 

THE VALUE STREAM MAPPING 
Value stream mapping is the foundational tool used to put companies on the cutting edge of transformation from 
traditional to lean manufacturing (Harris and Donatelli, 2005). At Toyota, VSM is used to analyze the current state 
of the manufacturing process and identify opportunities for improvement or "kaizen'' ( a focused, quick improvement 
event). A future or "ideal" state map is developed by incorporating the kaizen ideas. The result is a vision or 
roadmap for developing implementation plans for lean manufacturing systems (Rother and Shook, 1999). 

In their book, Lean Thinking, Womack and Jones proposed five guiding principles:[}] Provide the value actually 
desired by customers; [2] identify the value stream for each product; [3] line up the remaining steps in a continuous 
flow; [4] let the customer pull from the system; and [5] once the value, the value stream, flow and pull are 
established start over from the beginning in an endless search for perfection. 

VSM, as envisioned above, serves as a methodology for management, engineers, suppliers, and customers to 
recognize and develop an achievable plan to eliminate waste. Waste, in lean terms, refers to activities that do not 
add value for the final customer. Non-added value includes the creation of inventory, defective products, 
overproduction of goods not currently needed, unnecessary processing, movement of people or transport of goods, 
and employee wait-time (Ono 1988). 

After extensive examination of various processes involved in fabrication of the vertical stabilizer skins at CFC, a 
VSM diagram was developed. Figure I depicts the VSM for current state of the operation at CFC using disguised 
numerical data. The diagram displays the physical material flow and the information that currently supports that 
flow. Several features of this VSM make it distinct from typical current state VSM's and particularly useful for 
collaboration between industry and academics: 
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I. The VSM was created by outside academic researchers rather than by the workers and mangers involved in 
· the process. Typically, managers and workers are asked to map their own processes at the outset of a lean 
_implementation. Because our team members were experts in VSM information and material flow analysis, 
but not in composite manufacturing, extra time and interviewing of process participants was required to 
complete the map. This resulted in the acquisition of additional information and insight into the process as 
well as worker perceptions of the process. · 

2. Typically, VSM's document only a few critical metrics for each process. These include cycle time, 
. changeover time, uptime, number of workers, etc. This· VSM included those metrics and comments from 
operators on process specific parameters that could potentially provide insights for improvement. 

3. Each process step also has a more detailed spreadsheet, which contains all the information collected during 
the interview process. This information provides the ability to examine one particular process in depth. As 
an example, one of the data boxes augmented to VSM in Figure I. has been enlarged and displayed in 
Figure 2. 

4. The typical time line on the bottom of the map is replaced with a proportionally correct depiction of the 
total elapsed time versus the total process time for a part to flow through the operation. This enhances 
viewing and communication - clearly depicting the significant opportunities for time reduction. 

Inventory: I to 2 
Transport: 2 fork lifts 

4 to 5 racks 
I hour to load/unload 2 racks 

Labor Time: 
Oven operator dedicated 
Shared: 3 large ovens 

Machine Time: Cure time: 12 Hrs 
Tool Time: Equal to cycle time 
C/0 Time: I Hr 

Prod Order -- Bus schedule and arrival driven 
[FIFO] maximizing number of parts on rack 

Shifts: 
3 shifts 
3 persons - shift I 
2 person -shifts 2 & 3 

· · Figure 2.. Augmented data to VSM for Autoclave 

CHALLENGES FOR IMPROVEMENT . 
Since the first phases of the project were focused on understanding the exiting systein, our activities were geared 
toward data collection and study of various operations at a macro level. VSM is particular well adapted for this task. 
A macro level analysis, combined with the relatively long cycle time of the processes and low production volume, 
posed several challenges when considering potential improvements. The following four improvement strategies 
illustrate this point: 

1. Combine processes 
Many of the processes have cleanliness requirements that make combining processes difficult -- for 
example, the lamination process is very susceptible to defects from foreign contaminates such as loose 
fibers created in the ply cutting process. · 
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2. Eliminate processes 
All major operations, as ~hown in Figure I, are needed based on technological requirements -- for example, 
all composite laminates must be cured in the autoclave under pressure and temperature for an extended 
time. 

3. Reduce setup time 
Most operations are manual and have long. processing times -- for example, hand lay-up of composite plies 
takes about 19 hours for a vertical stabilizer skin while the setup time for the same part is about 30 minutes. 
Setup time reduction may not yield a significant saving under such low setup time to processing time ratio. 

4. Reduce material handling 
Although the low production volume translates to low material trafficking, it appears that waiting, loading, 
and unloading of composite parts along with their molds into various machines constitute a significant time 
and effort. 

FUTURE DIRECTION 
Considering the data in Figure I and observations of individual team members, the following improvement tactics 
were presented to senior management at the CFC. A future state VSM is to be constructed based on these tactics. A 
meeting with management is scheduled to discuss the feasibility of these tactics, to obtain buy-in from middle 
management, and to create an implementation plan: . 

1. Common Product Line Management. We believe that a flow-oriented (horizontal) product line management is 
a superior alternative to the existing process-oriented ( vertical) system in the sense that it supports the ownership 
and control of processes throughout the entire CFC for particular product families. 

2. Cross-Functional Workers. Through training current single-skilled, workers can become multi-skilled, cross
functional workers. We believe the rotation of workers within a product line would create a sense of ownership and 
affect the quality and reduces labor cost. If workers are not trained to do various tasks when needed, the system 
generates either idle times, or excess inventory both of which can be avoided by lean companies (Prusak, 2004). 

3. Bottleneck Process as Pacemaker Process. The analysis of current VSM points to parts curing operation by the 
autoclave as a bottleneck process. Feedback from management confirmed such observation. Autoclaves are a high 
energy-consuming process and occupy significant space at CFC. Currently the loading of composite parts into 
autoclave is done with a push system on a non-standardized basis. Any attempt to optimize the curing times requires 
sys~~matic loading. We suggest the following solutions for improved curing operations: 

a. Assigning each autoclave to one of the product lines. 
b. Designate the autoclave as a pacemaker process to create a pull system for upstream parts. 

CONCLUSION 
This project shared the observations of a group of technology and management faculty from California Polytechnic 
State University in studying the composite part fabrication operations for a major aircraft ~anufacturer aimed at 
identifying the opportunities for reducing w~te and increasing production capacity. A common lean manufacturing 
tool known as value stream mapping was used to document the state of current system. The potential plans for future 
value stream map includes the use of common product line management, training cross-functional workers and 
assigning the bottleneck process (autoclave) as a pacemaker process to create a pull system. 
University-industry projects like the one presented in this paper creates a win-win-win result for industry, faculty 
and students. In our case, CFC's management has expressed their satisfaction with this project to-date. The project 
results have drawn the attention of managers and supervisors to lean thinking. Our faculty team has benefited from 
this project by experiencing the real world implementation of value stream mapping, conceptualizing solutions for a 
lean operation in a low volume, long processing times environment .as well as dealing with the human side of lean 
manufacturing. The students are also the beneficiary of such experience through real world examples and pr(?jects 
that are being presented by faculty in the classroom. 
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ROADBLOCKS TO LEAN DEPLOYMENT AND RECOMMENDED SOLUTIONS 

Hirai A. Shah 
, Eastern Michigan University 

ABSTRACT 
Implementation oflean production initiatives is a long and challengingjoumey because of many factors involved in 
operation of a plant. Although various lean tools are deployed to achieve highest quality, lowest cost, and shortest 
lead time by continuous elimination of waste, these lean deployment initiatives have been less successful ·at many 
companies. This paper identifies the roadblocks that lead to failure in lean deployment through a thorough literature 
review, exemplifies the causes of failures that occurred at other companies trying to implement lean tools, and 
suggests the steps that can be taken to overcome these roadblocks to lean deployment. 

INTRODUCTION-
Lean manufacturing principles have been the ongoing paradigm in today's manufacturing industries. The goal of 
lean manufacturing is to obtain highest quality, lowest cost, and 'shortest lead time by continuous elimination of 
waste (Dennis, 2002). Although various lean tools are implemented in order to achieve this goal, these lean 
deployment initiatives have been less successful at many companies. The purpose of this paper is to (a) identify the 
roadblocks that lead to failure in lean deployment, (b) exemplify the causes of failures that occurred at other 
companies trying to implement lean tools, and (c) suggest the steps that can be taken in order to· overcome these 
roadblocks to lean deployment. · 

LEAN INITIATIVES 
Womack et al. (1990) stated that lean initiatives and lean principles can be applied equally in every industry across 
the globe and that conversion will have a profound effect on human society, bringing a true change in the world. 
Womack and Jones (1996) mentioned that the lean production model relates manufacturing performance advantage 
to adherence to three ·key principles: (a) improving flow of material and information across business functions; (b) 
an emphasis on customer pull rather-than organization push, and ( c) a commitment to continuous improvement 
enabled by people development. The literature related to lean manufacturing talks about taking a holistic approach to 
product's life cycle in order to obtain benefits from lean implementation. Various tools and techniques that are 
utilized during lean implementation, also known as the lean building blocks can be classified in many ways. Pojasek 
(2003) has classified them in a following manner: (a) Five S, (b)Visual Controls, (c) Poka-Yoke, (d) Cellular 
Des.ign, (e) Quick Changeover, (t) Pull Scheduling, and (g) Kaizen. In addition to these, there are various techniques 
used, such as takt time, jidoka, heijunka, and waste elimination. Pojasek (2003) described that the general path for 
implementing lean includes steps such as: Value stream mapping, lean baseline assessment, critical mass training, 
kaizen teams, and value stream planning. 

Lean Literature Review 
According to a study conducted by MaccobY, (1997, cited in Wu, 2003), about one-fourth of plants in the United 
States have tried to adopt the entire le~ manufacturing system. However, implementation oflean production · 

- initiatives is a long and challenging journey because of many factors that are involved in operation of a plant. Hence, _ 
many companies have achieved success by implementing lean production, while many have been unsuccessful in 
implementing it. · 

The Association for Manufacturing Excellence (AME) conducted a survey on North American manufacturing 
companies to explore the degree of awareness about lean techniques among the senior leaders (Koenigsaecker, 
2005). It was surprising to see that 41 % did not really know what lean was; 34% were familiar with the idea of lean, 
but did not know how to go about achieving it; 22% indicated that their firm was on the lean path but they were not 
obtaining desired results; 3% indicated that they were on the lean enterprise transformation journey and were· 
obtaining great results (l(oenigsaecker, 2005, p.L7). These results reflect a lack ofknowledgeabout lean principles 
among majority of senior ieaders in manufacturing firms and their inability to apply the right tools to obtain desired 
outcomes. 
Baker (2002) stated that the scope of lean initiatives is not fully appreciated by the management and this is one of 
the reasons why lean techniques have not spread further. Lean implementation has to be extended across the 
manufacturing enterprise into the supply chain. Henderson and Larco (2000) specify that culture, ego, organizational 
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inertia, management reluctance to empower people, fear of change, internal systems and hurdles with MRP II 
systems, inflexible accounting methods, etc. may be so~e of the contributing obstacles to lean enterprise. Monden 
(1998) empha~izes the need for respect for humanity through employee involvement, cross-training, employee 

· empowerme~t, and open communication are successful factors for lean deployment. 

· In an interview with James Womac~ co-author of the Machine that Changed the World, Womack stated that too 
· · many manufacturing organizations are run by corporate leaders who are more interested in making money rather 

· than in developing a grasp of what an organization needs in order to survive, change, and move forward (Bergstrom, 
· 1995, p.58). Although the manufacturing world has generally accepted lean manufacturing as an improvement over 
traditional manufacturing, many still believe that lean is _good in theory but it will not wor~.at their company 
(Stamm, 2003). It can thus be inferred that the companies that distinguish lean thinking at strategic level and lean 
production at operational level fail to understand lean as a whole. Lathin and Mitchell (2001) recommend using a 
socio-technical approach for successful implementation of lean manufacturing. It will be interesting to explore the 
factors that affect lean implementation process through a case study of seven automotive part suppliers in the 
following section. 

Exploration of Factors Related To Successes and Failures of Implementing Lean Initiatives 
A research was conducted by Choi (2004) to compare seven small automotive parts plants that initiated continuous 
improvement programs (Cl) at the same time. The researcher observed the CI programs at these plants closely for 
the first two years and noted the successes and failures encountered through the continuous improvement prograins. 
The author also me.µtioned about the lessons learned from the ups and downs faced by these companies. · · 

The managers of these seven companies as described in Choi (2004) realized that continuous improvement program 
would be a low-cost approach to improving quality and productivity and would be a first step in implementing a lean 
production system. The seven companies exemplified in this study were first-tier automotive suppliers in the Detroit, 
Michigan area and began to implement CI programs in the winter of 1990. These companies can be categorized into: 
three stamping plants, two fastener manufacturers, one machine tool builder, and one assembly plant. Choi (2004) 
has assigned a pseudonym for each of the seven companies to ensure anonymity and has named them as: 
Progressive Engineering and Manufacturing, Sunshine Incorporated, Fixer Machine Company, Heat Incorporated, 
Tool and Manufacturing Company, Small Metal Stamping and Manufacturing, and Mom and Pop Manufacturing. 
As a part of CI program, Progressive Engineering carried out following key events: Plan shut down to clean up and 
throw out stuff; housekeeping and workplace organization;-preventive maintenance training; departmental 
assessment every month on CI changes; display of the change lists through a bulletin board. Sunshine had the 
following key events: Problem board; involvement of workers in new employee hiring; suggestion program for 
quality improvement; scrap reduction group; redesigning plant layout based on TQM principles. Key events at Fixer 
were: Organization of too·l boxes; checklist for setup; peg boards for tools; labeling of tool area; overhauling of 
organizational infrastructure. Heat Incorporated organized internal CI group; instituted reward system; set up display 
board to celebrate accomplishments. Top heavy conducted sporadic meetings; attempted to relocate die racks; and 

· trained employees. Small Metal Stamping painted one work room and color-coded dies. Mom and Pop 
Manufacturing designed a die chart and set up a communication board as a part of CI activity. 

Despite the efforts taken by these companies, Choi (2004) observed several pitfalls experienced by these seven 
companies during their first step of implementing CI programs. Table 1 gives a summary of the key pitfalls and 
successes as experienced by these companies. Jt can be seen from the table that line leaders in one of the cases had a 
hard time accomplishing everyday production goals and making CI changes simultaneously. Resistance to change 
was seen among the workers along with managers perceiving CI activities as a shop-floor task. 

Although partial success was achieved at these companies in terms of: existence of a CI committee, quality 
improvement through housekeeping, sharing of ideas and feedback, and varied management support, it was 
accompanied by many downsides. Choi (2004) analyzed these pitfalls thoroughly and summarized the seven cases 
by giving the following suggestions: · 

(1) CI program is not efficient when there is a gap between management and workers. Even though management 
and workers share a common goal for the CI program, issues such as line leader's dilemma and problem of 
intermittent improvement efforts still need to be addressed. 
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(2) Production and improvement activities should be conducted simultaneously by considering them as two sides of 
the same coin. 
(3) A new approach is required to-work routines. · 

Table 1. Pitfalls and Opportunities in Implementing CI from Seven Cases 

Companies 

Progressive Engineering and 
Manufacturing 

Sunshine Incorporated 

Fixer Machine Company 

Heat Incorporated 

Topheavy Tool and 
Manufacturing Company 

Small Metal Stamping and 
Manufacturing 

Mom and Pop Manufacturing 

Pitfalls 

Alienation of line leaders 

CI as problem-solving activity 

Alienation of the CI team from 
the rest of the work force 

Alienation-of the CI team from 
the rest of the .work force 

CI Program initiated as a 
managerial program 

Intermittent efforts to make 
improvements 

CI program perceived by 
management as "a worker thing" 

Opportunities 

Quality improvement through 
housekeeping and workplace 
organization 

Idea sharing through visibility 
and feedback 

Extracted: Choi (2004). The successes and failures of implementing CI programs. In Jefferey K. Liker (Ed.) 
Becoming Lean: Inside Stories of U.-S. Manufacturers, p. 448. NY: Productivity Press. 

Thus, the author Choi (2004) concludes, "The production and improvement activities are intertwined and finally can 
be -viewed as one and the same function. From this perspective, you can view the outputs not as a function of static 
pro4.uction routines but as a function of dynamic production routines that embody continuous improvement 
activities" (p. 454). The next section will describe the commonly faced roadblocks by companies who have tried to 
implement lean. 

ROADBLOCKS TO LEAN DEPLOYMENT 
After reviewing various literatures related to causes of failure in lean deployment, following reasons seem to be 
eminent: 

(I) Commitment. Companies have been reluctant to commit lean as a long term initiative (Baker, 2002). Becoming 
lean is a long, difficult process. It must be systematically applied across the whole of manufacturing business and 
supply chain. Since, analysis, design and implementation of lean can take several months and involves investment of 
resources, both e~emally and internally; many companies have hesitated to implement lean. 

(2) Culture. Implementing lean is more than just implementing a set of tools; it's about an organizational cultural 
transition. Lee and Allwood (2003) have stated, "The c.ulture must involve teamwork, respect for humanity, 
providing opportunities for learning, sharing of ideas and continuous improvement. Without worker involvement, 
lean implementation is likely to slow and possibly resisted by workers who lack understanding of the changes and 
their role in the lean system" (p. 1379). Unlike mass production, lean manufacturing encourages team approach 
which is found to be lacking in many companies thriving for lean deployment. 
(3) Difficulty of getting the lean initiatives started. Womack, et al. (1990) have mentioned that the concept of 
implementing lean needs vision across the whole operation, the whole product line and the whole company. Baker 
(2002) cited, "There are number of pre-requisites: You need trained people, process capability, standard working 
procedures and high machine uptime. And they are just interlinked, so you need all of them" (p. 29). Many a times, 
lean is just seen by most organizations primarily as a shop floor improvement package, and this results in a range of 
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implementation successes that deliver only 'islands of improvement' (Baker, 2002, p. 26). Failure in understanding 
lean as only a bottom-up approach rather than a two way approach that involves top-down approach too can also be 
a hindrance to lean deployment. · 

( 4) Resistance to change . .-The imporµmt concept that companies fail to recognize is that we need the lean 
· enterprise, not just the lean factory (Stamm, 2003). Stamm (2003) also mentioned that the failure to achieve lean 
· enterprise is most oi;ten accountable to the failure of peopJe within the organization to support change. Mindset of 
· mass and batch production dominantly embedded in the minds of workers as tools to bring efficiency in 
organizations is very difficult to change (Lathin & Mitchell, 2001). Moreover, managers, who attempt to bring 
change,-do not take into consideration that the change should be brought in enterprise as a ~hole, and it cannot 
occur overnight. Thus, corporate culture and hence social system is .not taken into consideration, which often results 
into skeptical thought among employees who resist change. Communication gap in an organization niay also be an 
underlying reason for this resistance. 

(5) µick of sustainability. Even after the lean activities have started, sustaining and expanding on them is a difficult 
task for many industries (Pullin, 2000). Since the focus in today's market is cost reduction, cherry-picking approach 
is used when the companies look for improvement areas (Baker, 2002). Lean initiatives apply differently for 
different situations, hence an expert or a team of experts in the area of lean manufacturing are required to sustain it. 

Thus, it can be seen that there are various technical and organizational factors involved in bring lean initiatives into 
practice and then su.staining it. Lack of consideration of these factors has been a cause of failure in successful lean 
deployment. 

RECOMMENDATIONS TO OVERCOME THE ROADBLOCKS TO LEAN DEPLOYMENT 
Based on the review of literature regarding the keys for successful implementation of lean and a review of failure 
stories in lean deployment, following recommendations seem to be logical to follow. These recommendations are 
also shown in Figure 1: 

(1) Culture. Organizational culture must involve teamwork, respect for humanity, providing opportunities for 
learning and sharing of ideas, and continuous improvement (Lee & Allwood, 2003). Human element is a crucial 
factor that can lead to successful lean implementations. The way to incorporate this factor is by embedding it into 
the organizational culture. As seen from the above case study example of seven companies, it can be said that 
worker involvement in lean implementation is very important and a lack of understanding of the changes and 
responsibilities can hamper the process of implementation. 

(2) Commitment. Thoughtful, careful and serious structural organizational change through strong committed 
corporate leadership. Commitment is essential because transition from mass production to lean is a long journey that 
can consume more than five years. Hence, if the corporate leadership is strong and committed to bring the change, 

- they can overcome the fear of costs involved in the process by realizing the long term profits. 

(3) Communication. Establishing a vision and strategy and communicating the same throughout the organization so 
as to be understood by all the employees. Communication is very important to reduce the gap between management 
and shop-floor workers. Since resistance· to change always accompanies transition, it is essential to use proper form 
of communication medium to overcome this barrier. Information should be communicated to the workers so that 
they can understand their responsibilities and importance of their role in bringing the change in the organization. 

(4) Motivation. Research has proven that success in job performance is a function of skills of the employee and 
motivation. A highly motivated employee turns out to be more productive than an average or an unmotivated 
employee considering the same level of skills. Thus, a successful lean implementation phase can be obtained by 
employing motivational theories that are well-suited with the organizational culture (Anonymous, 2004). 
(5) Awareness. Education, training, and awareness among the employees. It is necessary to teach the principles of 
lean to the employees and train them in order to bring awareness in them about lean. Misconceptions can lead to 
failure of the program hence proper training becomes essential. Randy Stevenson, plant manager at Lockheed 
Martin (cited in Olexa, 2002) remarks," Once we taught them the principles of lean and after having our kaizen 
events, the staff was aggressively getting involved in lean, because they wanted to offer their insight into the new 
ways of doing business" (p. 63). 
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(6) Systems approach. Lean ~eplo~ent team should focus on the flow of the process by identifying value, value 
stream, flow, pull and perfection. Le~ comes :15 a package and if the focus is just on cost-reduction by deploying 
one or two elements of lean, success m leaJ) will be far off. A systems approach is vital for a successful lean 
deployment from top to bottom level in an organization. 

Lean Enterprise 

Human Factors Technical Factors 

Culture Value Stream 

Commitment Kanban 

Communication TaktTime 

Awareness 5S 

Motivation Poke-Yoke, etc. 

Figure 1. Approach to a Lean Enterprise 

Figure 1 illustrates that human and tec~ical factors are interrelated to each other and hence are an inseparable part 
of any organization. There may be many technical factors but not limited to value stream mapping, Kanban, .takt 
time, 5S, and Poke-yoke. Other technical factors may be other lean tools or a combination of lean and quality tools 
that may be frequently used in an organization. Systems· approach remains the top priority or in other words, a focus 
of an organization when transforming into a lean enterprise. Hence, the management must consider a holistic view 
without ignoring either the human or technical components when deploying lean tools and techniques. Failure to 
consider either of the factors may lead to unsuccessful outcomes and ultimately may result in a pitfall. 

CONCLUSION 
Becoming lean is a long term commitment that needs vision and -strong corporate leadership. This paper has 
expressed some of the key _issues faced by companies trying to implement lean. Success and failure stories of seven 
companies serve as an example for those organizations that are planning to deploy lean principles. Lack of 
commitment, sustainable efforts, organizational culture, resistance to change, and education are some of the key 
factors that hinder lean initiatives. Moreover, the paper also suggests the steps that can be taken by companies to 
avoid the barriers to lean implementation through recommendations based on a review of literature. More thorough 
recommendations can be based on type of organization, organizational culture, type of production, facility, etc. 
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In summary, it can be concluded that a focus on systems approach that synthesizes both human and technical factors 
seems to be the logical way to follow while deploying lean methodology. Thinking in isolation of either human or 

-technical factors may not lead to sustainable successful outcomes. Hence, a systems approach must be followed in 
order to achieve desired outcomes from lean principles and to transform the organiz.ation into a lean enterprise in 
-reality. · 
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A COMP~SON OF LEADING DATA MINING SOFTWARE 

John Wang, James Yao and Ruben Xing 
Montclair State University 

ABSTRACT 
We performed an AHP (Analytic Hierarchy Process) analysis using Expert Choice to determine which data mining -
package best met our needs. By reducing a dozen alternatives· and objectives to a series of pair-wise comparisons, 
then synthesizing the r~~ults, Expert Choice helped us in providing a clear rationale for the decision. 

INTRODUCTION 
Data mining offers great promise in assisting companies uncover patterns hidden in their data that may be used to 
predict the behavior of customers, products and processes. Data mining tools need to be guided by managers who 
understand the business, the data, and the general nature of the ~alytical methods involved. Realistic expectation 
can yield rewarding results across a wide range of applications, from improving revenues to reducing costs (Porter, 
& Miller, 2001: Rodriguez, 2002). It's crucial to properly collect and prepare the data, and to check the models 
against the real world. The best model is often found after managers build models of several different types, or by 
trying different technologies or algorithms. This alone demonstrates the active role managers play in the data 
mining process (Schwartz, 2003; Seilonen, 2003). 

Selecting software is a complex problem due to many criteria and frequent technology changes (Elder N & Abbott, 
1998; Giraud-Carrier & Povel, 2003). This article will first take a brieflook at data mining today, describing some 
of the opportunities, applications and available technologies. We will then discuss and analyze several of the most 
powerful data mining software tools available on the market today and look to provide an analytical analysis and 
comparison between the brands we have selected. Our selection is based, in part, on our own experience using data 
mining software as well as writing data mining code, SQL code and work as relational database administrators. For 
our analytical comparison we will be using Expert Choice (Version 11) advanced decision support software. 

DATA MINING SOFTWARE 
Data mining software analyzes relationships and patterns in stor~d transaction data based on open-ended user 
queries. Several types of analytical software are available: statistical, machine learning and neural networks, 
decision trees, Naive-Bayes, K-Nearest Neighbor, rule induction, clustering, rules based, linear and logistical 
regression time sequence, etc. The basic steps of data mining for knowledge discoveries are 1. Define business 
problem,~- Build data mining data base, 3. Explore data, 4. Prepare data for modeling, 5. Build model, 6. Evaluate 
model, 7. Deploy model and 8. Results. Each of these steps has managerial issues which must be addressed (Mena, 
1998; Martin, 2005). 

The key to knowledge discovery is a true understanding of your data and your business. Without this understaQding, 
no algorithm is going to provide you with a result in which you should have confidence. Without this background 
you will not be able to identify the problems you are going to try an~ solve, prepare the data for mining, or correctly 
interpret the results. The construction of a database involves the following tasks: data collection, data description, 
selection, data quality assessment and data cleansing, consolidation and integration, metadata construction, and 
maintaining the database. In exploring the data, the manager must consider the hardware of choice to utilize in 
accomplishing this feat. The goal is to identify the most important fields in predicting an outcome, and determine 
which derived values may be useful. According to O Chan (2005), a good interface and fast computer response are 
very important in this phase because the very nature of your exploration is changed when you have tQ sit around and 
wait 30 minutes for some graphs to be created. 

There are four main parts to preparing the data for modeling: selecting variables, selecting rows, constructing new 
variables and transforming variables. The managerial decision in this step focuses on identifying key variables to 
examine. Including all the variables doesn't work well. The time it takes to build a model increases with the number 
of variables. Another reason is that blindly including extraneous columns can lead to incorrect models. 
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The most important thing to remember about data model building is that it is an iterative process. Many alternative 
models may have to be examined to find one that is mos~ useful in solving your business problem. A manager 
searching for a good model inay go back and make some changes to the data he is-using or even modify his problem 

: statement. In the evaluation and interpretation process, the accuracy rate found during testing applies only to the data 
on which the model was built. The accuracy may vary if the data to which the model is applied differs in important 

· and unknowable ways from the original data set. 

Once a data mining model is built and validated, it can be.used in one of two main ways. The first way is for a 
manager to recommend actions based on simply viewing the model and its results. For example, the manager may 
look at the clusters the model has identified, the rules that define the model or the lift and ~91 charts that depict the 
effect of the model. The second process involves applying the model to different data sets. The manager may use the 

. model to flag records based on their classification, or assign a score such as the probability of an action. 

SAMPLE PRODUCTS 
Oracle 8i Software for Data Mining 
The Oracle relational database management system has become the most popular and effective tool for managing 
the large amounts of data required in a data warehouse including data mining. Data mining software is a recently 
invented class of tools that apply artificial intelligence (AI) techniques to the analysis of data. The promise of data 
mining tools is that given access to -raw data, the tool can dig through the data looking for patterns and discovering 
relationships that the user might never have suspected. 

Oracle tools, as well as most query tools used with data warehouses, require the user to identify specific queries for 
investigating data that is expected to be of interest. The user must formulate their own hypothesis and then 
investigate the data set in order to determine if the hypothesized data relationships exist. Data mining tools can be 
applied to data stored in operational systems or in a data warehouse (Dodge, 2000). 

Oracle's multithreaded server option allows multiple client processes to share a smaller number of Oracle server 
processes. This approach can reduce memory requirements and process overhead. Multithreaded server is also 
available on NT, but only from Oracle 8 onward. Using multithreaded server under Windows NT can reduce the 
number of threads in the Oracle process as well as overall memory requirements (Hobbs & Hudson, 2000). You may 
also be able.to use the Oracle 8 connection pooling and concentrating facilities to further reduce thread and memory 
overhead. 

To improve reliability and stability, Oracle 8i on advanced Server 2.1 was tested across a large spectrum of 
workloads, with the goal of improving resiliency to handle resource shortages. A robust enterprise-class operating 
system must handle the tremendous demand of peak usage times without failure. Furthermore, performance on 
enterprise class systems is expected to degrade gracefully as user loads exceed system capacity. 

· CART by Salford Systems 
CART is an easy to use decision tree tool that uses the CART algorithm and boosting. The main objective is to rifle 
through databases, identifying significant patterns and relationships, which are then used to generate predictive 
models. CART uses an exhaustive, recursive partitioning routine to generate binary splits by posing a series_ ofyes
no questions. It searches for questions that split nodes into relatively homogenous child nodes. As the tree evolves, 
the nodes become more homogenous, identifying segments. CART supports more than 80 file formats, including 
SAP, SPSS databases such as Oracle and Informix, Excel spreadsheets, and Lotus 1-2-3 sprea,dsheets. 

CART was formulated from the original CART code developed by Stanford University and University of California 
at Berkeley statisticians. The frequent addition of new features and capabilities continually enhance the procedure, 
strengthening the accuracy and reliability ofthe·results. To start with, CART is unique in that it has a no-stopping 
rule. This means that more data is read and compared, and ensures that important data is not overlooked by stopping 
too soon. It produces an over-grown tree, and immediately prunes it back for the most optimal results. Next, CART 
uses a powerful binary split search approach which means the trees are more sparing with data and detect more 
structure before too little data is left for learning. Third, CART uses automatic self-validation procedures, which is 
essential in avoiding the trap of finding patterns that apply only to the training data. · 
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CART was designed for both technical and non-technical users. It ·can quickly identify important data relationships. 
It offers users some flexibility, with the choice of how to split the crit~ria. It also offers different models for 
scalability. The results are easy to read and understand, with decision tree diagrams drawn out. Salford Systems 
understands that expert and timely techni~al support is a critical part-of the business. That's why they offer many 
means of customer training and support. The company offers both public and private on-site instruction, user 
seminars, hand-on training courses, consultation sei:vices, and e-mail, NetMeeting, and phone support from offices 
worldwide (http://www.salford-systems.com/support.php). 

Enterprise Miner by SAS 
Enterprise Miner was developed and is sold by SAS Corporation, which was originally called Statistical Analysis 
System. Enterprise Miner is an integrated software product that provides widespread business solutions for data 
mining based on SEMMA (Sample, Explore, Modify, Model, Assess - see below) methodology. It has many 
different statistical tools including decision trees, clustering, linear and logistic regression and neural networks. Data 
preparation tools include outlier detection, variable transformations, random sampling, and the partitioning of data 
sets into training, test, and validation data sets. Its advanced GUI allows you to review large amounts of data in 
multidimensional histograms with ease as well as compare modeling results graphically. 

Enterprise Miner includes several procedures that automate tradition~} analysis tasks, such as choosing the variables 
to include in a model and applying the appropriate transformations. The system also provides extensive visualization 
to help users explore the data to decide on additional manipulations that the system itself does not recommend. 
Enterprise Miner's graphical user interface and automated framework mean that the user does not have to know how 
the tools work to use them. Release 8.2 provides cross-platform national language support that is especially 
important to international customers. 

GbostMiner by Fujitsu 
GhostMiner is data mining software product from Fujitsu that not only supports common databases (or spreadsheets) 
and mature machine learning algorithms, but also assists with data preparation _ and selection, model validation, 
multi-models like committees or k-classifiers, and visualization. Ghost Miner provides large range of data 
preparation techniques; broad scope of selection of features methods; choice of data mining algorithms and 
visualization techniques are integrated. 

GhostMiner offers several project features unique to -their platform, which enables users to create simple interfaces 
for their specific needs. GhostMiner has an HMI that is fairly user friendly and easy to start up right out of the box. 
The system is so easy to use that it actually has a feel of being too user friendly and may be missing some of the 
power of the larger server based data mining software tool such as Darwin IBM and Oracle. GhostMiner can be 
loaded directly onto a Windows based PC and is equally adept at data mining a system database as it is a series of 
spread sheets, text or ASCII files. 

GhostMiner provides both data preprocessing capabilities as well as data visualization capabilities. Data 
preprocessing includes data normalization, standardization and many preliminary statistical analysis functions, such 
as variance, standard deviation, mean and median across the entire database. GhostMiner does not have the inherent 
flexibility of some of the larger, more robust products, and also does not offer the same levels of support as .the 
products offered by Oracle and IBM. Oracle is a product marketed to the small to mid size user who is looking for a · 
simple to use product at a lower price than some of the ·larger, well known software products. 

SOL Server 2005 
SQL server 2005 is Microsoft's solution to database m~nagement and data mining. SQL Server database platform 
provides enterprise-class data management with integrated business intelligence (BI) tools. SQL Server 2005 
combines analysis, reporting, integration, and notification. SQL .server is closely integrated with Microsoft Visual 
Studio, the Microsoft Office System, and a suite of new development tools, including the Business Intelligence 
Development Studio. 

Microsoft SQL Server series utilizes the Windows operating system and features 4 discrete algorithms. HMI 
features include a Windows interface, as well as complete integration with the Microsoft Office suite. Reports that 
are served up by the Report Server in Reporting Services can run in the context of Microsoft SharePoint Portal 
Server and Microsoft Office System applications such as Microsoft Word and Microsoft Excel. SharePoint can be 
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used to subscribe to reports, create new versions of reports, and distribute reports. SQL Server 2005 also supports 
rich, full-text search applications. Query performance and scalability have been improved dramatically, and new 

_ management tools will provide greater insight into the full-text implementation · 

SQL Server also features an online restore function, database encryption and a fast recovery option. It also has a 
system that with built in scalability features such as parallel partition processing, creation of remote relational online 
analytical processing (ROLAP) or hybrid online analytical processing (HOLAP) partitions, distributed partitioned 
cubes, persisted calculations, and proactive caching. 

COMPARISON . 
We will use Expert Choice in the evaluation process and will attempt to analytically quaii.tify the aspects of data 
mining software that best define overall product quality. Before· we describe the decision making process, we would 
like to present several assumptions on which our decision will be based: 

I) · In addition to our experience, we will be relying on manufacture specifications, descriptions and described 
attributes, along with third party reviews where available. 

· 2) We will base our needs on fundamental business goals such as business-related decision making and 
business-driven information analysis. Although this definition may seem overly broad, we will attempt to 
further limit our scope by eliminating research and development, educational and political as well as most 
human resource applications. 

3) Since we are using a trial version of Expert Choice advanced decision making software, there will be limits 
with respect to importing and exporting data as well as with printing and possibly some advanced analytical 
tools. Therefore, we will utilize screen captures embedded into this document for all printing, and will 
manually write any necessary data as opposed to systematic imports or exports. 

Criteria Revisited 
Our selection process will be centered on the below mentioned software quality criteria. We will attempt to 
compare all of our selections based on the specified criteria. Using Expert Choice, we will make objective ratings of 
each product, comparing in a pair wise manner, attributes that define each element. 

► Portability- the amount of platform independence 
► Reliability-the degree of completeness, accuracy and consistency, as well as any stated warranty and 

_support provided by the vendor 
► Efficiency - the degree of efficiency and accessibility 
► Human engineering- how well the software interfaces with and communicates with the outside world (as 

well as the quality of the HMI) 
► Testability - how well the software is structured 
► Understandability - degree of self-descriptiveness 
► Modifiability - the degree of augment ability and the ability to change over time and expand 
► Training and support - the amount of post purchase support included in the package 

Evaluation Model 
Our evaluation criteria, as entered in Expert Choice, are as follows: 

Portability - evaluatedin terms of: 
Hardware platform (PC, Unix/Solaris workstation etc.) 
Software Architecture (standalone; client/server, thin client) 
Software requirements (DB2, SAS, Base, Java/JRE, Oracle, etc. 

Reliability - evaluated in terms of: 
What classes of models does the tool support? 
How many algorithms does the tool use? 
Does the tool allow custom model creation or simply ·use templates? 
What is the reputation of the vendor supplying the tool? 

Efficiency evaluated in terms of: 
How well the product supports our general business goal assumption? 
Ability to perform data pre-processing. 

Human Engineering evaluated in terms of: 
Simplicity of HMI (human machine interfa~e) 
Graphical layout 
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Visual programming ability 
Testability evaluated in terms of dissemination and deployment: 

How well the results are re-introduced into the process "closing the loop" 
How results are displayed 

Understandability evaluated in terms' of evaluation and interpretation of data: 
Are summary reports available? 
Can the model be visualized graphically? 

Modifiability in terms of scalability and upgrades: 
What is the data set size limit? 
Are there expert options or batch processing? 

Training and support evaluated in terms of: 
Is a free demo-available? 
Is any free training or support available with our purchase? 

Price (where available)- if pricing is not available we will note our evaluation as price neutral. 

Comparison Results 
We began by assigning relative priorities for each of our criteria. Figure l is a screen capture of our initial 
assignment of priorities. As can be seen in Figure I we placed a gre~t deal of importance on Human Engineering 
(weight of .220) with slightly less on training and support (w=. 193) and then Understandability (w=. 190). Our 
main drivers were that in order for the software to be successful, people had to know and understand it. Our next 
highest priority was Reliability, with a relative weight of .142, followed by Portability, which is platform and 
hardware independence, with a relative weight of .128. · 

Figure 1- Weights Assigned to Criteria 
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Next, we performed a pair-wise comparison~ of each software tool for each criterion; that is, we compared the 
components of each criterion on a case_-by-case basis, assigning relative strengths and weaknesses to each product. 
Although this process was quite tedious, it did provide an accurate -measurement for each product. Figure 2 shows 
an example of a pair-wise comparison for the contribution of hardware platform independence to overall platform 
independence, which is a contributor to overall portability within our quality structure. Figure 3 shows a graphical 
representation of the overall pair-wise comparison between all products for the hardware contribution to overall 
portability. The screen capture shows a weight for each product with SQL Server as the best in class (with a weight 
of .269) and GhostMiner as last in class ( with a weight _of .109). These criteria are also weighted individually so as 
to roll up into the overall contribution towards portability. 

Overall Results 
Figure 4 shows the overall results from Expert Choice advanced decision support software. From the first iteration 
of our selection process, the best solution for our chosen attributes and assigned priorities is the CART product, with 
an overall weight of .268, followed by SAS Enterprise with an overall weight of .223. We also performed several 
iterations, changing the weights of our criteria. 
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Figure 2 - Pair-wise Comparison Grid WRT Hardware Platform 
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Figure 3- Class Weightings for Overall Hardware Platform Independence 
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Figure 4- Results from "Choosing a Data Mining Software Vendor" 
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Figure 5 shows a graphical representation of the results for all categories, showing how each product performed 
among all of the categories. For example, it can be seen that the CART product performed very well in the 
Understandability region, but less so in the Price category. This graph also shows the·overall weights, with respect 
to our overall goal, within our prescribed constraints. 
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Figur~_5 - Overall Results among all Selection Categories 
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Figure 6 shows the assigned weights of each category along with the overall score for all of the objects. This tool 
allows dynamic sensitivity analysis with respect to changing priorities. We used this tool to look at how much a · 
change ii) one weight changes the overall goal. Using this tool is similar to the sensitivity analysis performed in 
Excel Solver, but instead oflisted ranges the Expert Choice tool allows for dynamic m~ipulation. From the chart 
we can see our weighted emphasis on Human Engineering (22%), Training and Support (19.3%) and 
Understandability. The window on the right shows which system best fits our stated criteria. In figure 7 we change 
our requirements in order to verify the strength of our decision. 

In figure 7 we changed our requirements, we increase the importance of Price from 1.6% all the way up to 33.5%. 
We also changed our Human Engineering requirement from 22% down to 5.8%, and also reduced Training and 
Technical Support, Portability, Reliability, Efficiency and Modifiability (flexibility) substantially and still came up 
with CART systems as our best overall choice (24% weight). 

~ CONCLUSIONS 
With the use of Expert Choice we were able to analytically evaluate· 5 products within a complex yet controlled 
environment. The analytical analysis included prioritizing our c_onstraints, evaluating the contributing criteria, 
entering comparative data and performing a simple sensitivity analysis. The software performed the analysis, based 
on our definition, priorities and data. Data mining technology is changing very rapidly. Our paper focused only on 
the major suppliers typically available in the market place. Certainly, the method and the process that we have used 
can be easily applied to analyze and compare other data mining software. 
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Figure 6- Dynamic Sensitivity Analysis 

;;- Facilitator: Dynamic Sensitivity for nodes below Goal. Choosing a Datd Mmmg Software Vendor I_:- [61- rx ! 

- 4.1t &haelM.-

5.2% S LS....211E 

Figure 7 - Dynamic Sensitivity Analysis with Different Constraints 
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ABSTRACT 
This paper focuses on the differences of administering and managing a data warehouse from that of a traditional · 
database based on the unique features and characteristics of a data warehouse. Issues such as how a data warehouse 
can assist a corporation in its strategy to gain competitive advantages, how to develop an effective and functioning 
data warehouse team, data warehouse security management etc. are presented. Challenges and future trends, such as 
individual privacy protection, near-line storage, and distributed data warehouses in data warehouse administration 
and management are also discussed. 

INTRODUCTION 
As interrial and external demands on information from managers are .increasing rapidly, especially the information 
that is processed to serve the manager's specific needs;regular databases and decision support systems (DSS) cannot 
provide the information needed. Data warehouses came into existence to meet these needs. They consolidate and 
integrate information from many internal and external sources, and arrange the information in a meaningful format 
for making accurate business decisions (Martin, 1997). In the past ·five years, there has been a significant growth in 
data :warehousing (Hoffer, Prescott, & McFadden, 2005). Correspondingly, this occurrence has brought up the issue 
of data warehouse administration and management. Data warehousing has been increasingly recognized as an 
effective tool for organizations to transfonn data into useful information for strategic decision making. To achieve 
competitive advantages via data warehousing, data wareho_use management is crucial (Ma, Chou, & Yen, 2000). 

Since the advent of computer storage technology and higher level programming languages (Inmon, 2002), 
organizations, especially larger organizations, have put enormous amount of investment in their information system 
infrastructures. In a 2003 IT spending survey, 45% of American company participants indicated that their 2003 IT 
purchasing budgets had increased compared with their budgets in 2002. Among the respondents database 
applications ranked top in areas of technology being ·implemented or had been implemented, with 42% indicating a 
recent implementation (Information, 2004). The fast growth of databases enables companies to capture and store a 
great deal of business operation data and other business-related data. The data that are stored in the databases, either 
historical or operational, have been considered corporate resources and an asset that must be managed and used 
effectively to serve the corporate business. 

A database is a computer structure that houses a self-describing collection of related data (Kroenke, 2004; Rob & 
Coronel, 2004). This type of data is primitive, detailed, and used for day-to-day operation. The data in a warehouse 
is derived, meaning it is integrated, subject-oriented, time-variant, and nonvolatile (Inmon: 2002). A data warehouse 
is defined as an integrated decision support database whose content is derived from the various operational · 
databases (Hoffer, Prescott, & McFadden, 2005; Sen & Jacob, 1998). Often a data warehouse can be referred to as a 
multidimensional database because each occurrence of the subject is referenced by an occurrence of each of several · 
dimensions or characteristics of the subject (Gillenson;2005). Some multidimensional databases operate on a · 
technological foundation optimal for "slicing and dicing" the data, where data can be thought of as existing in 
multidimensional cubes (Inmon, 2002). Regular databases load data in two dimensional tables. A data warehouse 
can use OLAP ( on-line analytical processing), a type of database processing that uses multidimensional data 
analysis techniques to selectively extract data from databases, to provide users with multidimensional views of their 
data, which can be visually represented as a cube for three dimensions (Senn, 2004). · 

With the host of differences between a database for day-to-day operation and a data warehouse for supporting 
management decision-making process, the administration and management of a data warehouse is of course far from 
similar. Thus, data warehouse management faces some different challenges. For instance, a data warehouse team 
requires someone who does routine data extraction, transformation, and loading from operational databases into data 
warehouse databases. Thus the team requires a technical role called ETL Specialist. On the other hand, a data 
warehouse is intended to support the business decision-making process. Therefore, someone like a business analyst 
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is also needed to ensure thatbusiness information requirements are crossed to the data warehouse development. Data 
in the data warehouse can be very sensitive and cross .~ctional areas, such as persqnal medical records and salary 
information. Therefore, a higher level of security on, the data is needed. Encrypting the sensitive data in data 
warehouse is a potential solution. Issues as such in data warehouse administration and management need to be 
defined and discussed. 

DATA W AREHOUSK MANAGEMENT 
· Data warehouse administration and management covers a wide range of fields. This paper focuses only on Data 

· Warehouse and Business Strategy, Data Warehouse Development Life Cycle, Data Warehouse Team, Process 
Management, and Security Management to present the ~urrent challenges to data warehou~-~ administration and 
management. 

Data Warehouse and Business Strategy 
"Data is the blood of an organization. Without data, the corporation has no idea where it stands and where it will 
go." (Ferdinandi, 1999, p. xi). With data warehousing, today's corporations can collect and house large volumes of 
data. Does the size of data volume simply guarantee you a success in your business? Does it mean that the more data 
you have the more strategic advantages you have over your competitors? Not necessarily. There is no predetermined 
formula that can tum your information into competitive advantages (Inmon, Terdeman, & Imhoff, 2000). Thus, top 
management and data administration team are challenged with the question of how to convert corporate information 
into competitive advantages. 

· A well managed data warehouse and data mining can assist corporations in their strategy to gain competitive 
advantages. This can be achieved by using an exploration warehouse, which is a direct product of data warehouse, to 
identify environmental factors, formulate strategic plans, and determine business specific objective: 

• Identifying environmental factors: Quantified analysis can be used for identifying a corporation's products 
and services, market share of specific products and services, financial management . 

. • Formulating strategic plans: environmental factors can be matched up against the strategic plan by 
identifying current market positioning, financial goals, opportunities. 

• Determining specific objectives: Exploration warehouse can be used to find patterns. If found, these 
patterns are then compared with patterns discovered previously to optimize corporate objectives (Inmon, 
Terdeman, & Imhoff, 2000). 

While managing a data warehouse for business strategy, what needs to be taken into consideration is the difference 
between companies. No one formula fits every organization. Avoid using so called ''templates" from other 
companies. The data wareho~e is used for your company's competitive advantages. You need to follow your 
company's user information requirements for strategic advantages. 

Data Warehouse Development Cycle 
Data warehouse system development phases are similar to the phases in the systems development methodology 
(SDM) and systems development life cycle (SDLC) (Adelman & Rehm, 2003). According to Barker's Data 
Warehouse Life Cycle (Barker, 1998), there are some differences due to the unique functional and operational 
features of a data warehouse. As business and information requirements change, new corporate information models 
evolve and are synthesized into the data warehouse in the Synthesis of Model phase. These models are then used to 
exploit the data warehouse in the Exploit phase. The data warehouse is updated with new data using appropriate 
updating strategies and linked to various data sources. 

What is often ignored in SDLC is the feedback. In data warehouse life cycle, however, a feedback loop is 
emphasized because it is an aspect to improve or replace existing data sources and to refine the data warehouse so as 
to ensure that the data warehouse operates and meets the required information services (Barker, 1998). 

Inmon (2002) sees system development for data warehouse environment as almost exactly the opposite of the · 
traditional SDLC. He thinks that traditional SDLC is concerned with and supports primarily the operational 
environment. The data warehouse operates under a very different life cycle called "CLDS" (the reverse of the 
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SDLC). The CLOS is a classic data-driven development life cycle but the SDLC is a classic requirements-driven 
development life cycle. _ ' 

The Data Warehouse Team 

Most proje~ts that involve two or more p~ople need a plan which specifies goals, objectives, scheduling, 
implementmg plan, etc. At the same time, the project plan also includes a description of roles and responsibilities for 
all who participate in the project (Ferdinandi, 1999). Building a data warehouse is a large system development 
process. It involves not only the technical and systems professionals, but at the same time it also requires the 
participation in business sector people and/or people who know both sectors. Participants of data warehouse 
development can range from a data warehouse administrator (OW A) (Hoffer, Prescott, & McFadden, 2005) to a 
business analyst (Ferdinandi, 1999). The data warehouse team is supposed to lead the organiz.ation into assuming 
their roles and thereby bringing about a partnership with the business (McKnight, 2000). A data warehouse team 
may have the following roles (Barker, 1998; Ferdinandi, 1999; Inmon, 2000, 2003; McKnight, 2000): 

• Data Warehouse Administrator (DWA):' responsible for integrating and coordinating ofmetadata and data 
across many different data sources in addition to many of the same roles of a data administer (DA) and 
database administrator (DBA), such as data source management, physical database design, operation, 
backup and recovery, security, and performance and tuning. If no DWA role is available, a DA and DBA 
are normally the replacement. · 

• Manager/Director: responsible for the overatl management of the entire team to ensure that the team 
follows the guiding principles, business requirements, and ·corporate strategic plans. 

• Project Manager: responsible for data warehouse project development, including matching each team 
member's skills and aspirations to tasks on the project plan. 

•· Executive Sponsor: responsible for garnering and retaining adequate resources for the construction and 
maintenance of the data warehouse. 

• Business Analyst: responsible for determining what information is required from a data warehouse to 
manage the business competitively. 

• System Architect: responsible for developing and implementing the overall technical architecture of the data 
warehouse, from the backend hardware and software to the client desktop configurations. 

• ETL Specialist: responsible for routine work on data extraction, transformation, and loading for the 
warehouse databases. 

• Front End Developer: responsible for devel<;>ping the front-end, whether it is client-server or over the web. 
• OLAP Specialist: responsible for the development of data cubes, a multidimensional view of data in OLAP. 
• Data Modeler: responsible for modeling the existing data in an organiz.ation into a schema that is 

appropriate for OLAP analysis. 
• Trainer: responsible for training the end-users to use the system so that they can benefit from the data 

warehouse system. 
• End User: responsible for providing feedback to the data warehouse team. 

What needs to be mentioned in the above roles is that very o~en one person may possess multiple skills and can take 
more than one role or the environment does not allow the assignment of one person to only one corresponding·role. 
In this case, the person with multiple skills should be allowed to take more than one roles in the team. On the other 
hand, a person who is assigned to one role can be trained to take over other roles beyond the one he is assigned. 

In terms of the size of the data warehouse administrator team, Inmon (2003) has several recommendations: 
• large warehouse requires more analysts, 
• every 100gb of data in a data warehouse requ~es another data warehouse administrator, 
• a new data warehouse administrator is required for each year a data warehouse is up and running and is 

being used successfully, · · . 
• if an ETL tool is being written manually, many data warehouse administrators are needed; if automation 

tool is needed much fewer staffing is required, 
• automated data warehouse database management system (DBMS) requires fewer data warehouse 

administrators, otherwise more administrators are needed, · 
• a faster growing data warehouse need more data warehouse administrators to support it, 
• fewer supporting staff is required ifthe corporate information factory (CIF) architecture (Imhoff, Loftis, & 

Geiger, 2001) is followed more closely; reversely, more staff is needed. 
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McKnight (2000) suggests that all the technical roles be perfonned full-time by dedicated personnel and each 
responsible person receives specific data warehouse training. 

· Data warehousing is growing rapidly. It is both highly likely and highly desirable that the data warehouse becomes a 
part of an organization's decision support infrastructure (Marakas, 2003). As the scope and data storage size of the 
data warehouse change; the roles and size of a data warehouse team should be adjusted accordingly. In general, the 
extremes should be avoided. Without sufficient professionals, job may not be done satisfactorily. On the other hand, 
too many people will certainly get the team overstuffed. 

Process Management . 
Developing data warehouse has become a popular but· exceedingly demanding and costly activity in information 
systems development and management (Sen & Jacob, 1998). Data warehouse vendors are competing intensively for 
their customers because so much of their money and prestige are at stake. Consulting vendors have redirected their 
attention· toward this rapidly expanding market segment. User companies are facing with a serious question on 
which product they should buy. Sen and Jacob's ( 1998) advice is to first understand the process of data warehouse 
development before selecting the tools for its implementation. A data warehouse development process refers to the 
activitfos required to build a data warehouse (Barquin, 1997). Sen, Jacob (1998) and Ma, Chou, Yen (2000) have 
identified some of these activities, which need to be managed during the data warehouse development cycle: 
initializing project, establishing the technical environment, tool integration, determining scalability, developing an 
enterprise information architecture, designing the data warehouse database, data extraction/ transformation, 
managing metadata, developing the end-user interface, managing the production environment, managing decision 
support tools and· applications, and developing warehouse roll-out. 

As mentioned before, data warehouse development is a large system development process. Process management is 
not required in every step of the development processes. Devlin (1997) states that process management is required in 
the following areas: process schedule, which consists of a network of tasks and decision points; process map 
definition, which defines and maintains the network of tasks and decision points that make up a process; task 
initiation, which supports to initiate tasks on all of the hardware/software platforms in the entire data warehouse 
environment; and status information enquiry, which enquires about the status of components that are running on all 
platforms. · 

Security Management 
In recent years, information technology (IT) security has become one of the hottest and most important topics facing . · 
both users and providers (Senn, 2005). The goal of database security is the protection of data from accidental or 
intentional threats to its integrity and access (Hoffer, Prescott, McFadden, 2005). The same is true for a data 
warehouse. The common practice to protect a database incorporates view-based control, integrity control, processing 
rights, and DBMS security. These security protections are all applicable to the data warehouse environment. 
However, higher security methods need to be used for a data warehouse due to the differences between a database 
and data warehouse. One of the differences that demand a higher level of security for a data warehouse is the scope 
of and detail level of data in the data warehouse, such as financial transactions, personal medical records, and salary 
information. One method that can be used to protect data that requires high level of security in a data warehouse is 
by using encryption and decryption technologies. 

Confidential and sensitive data can be stored in a separate set of tables where only authorized users can have access 
to. These data can be encrypted. while they are being written into the data warehouse. In thi~ way, the data captured 
and stored in the data warehouse are secure and can only be accessed on an authorized basis. Three levels of security 
can be offered by using encryption and decryption. The first level is that only authorized users can have access to the 
data in the data warehouse. Each group of users, internal or external, ranging from executives to information 
consumers should be granted different rights for security reasons. Unauthorized users are totally prevented from 
seeing the data in the data warehouse. The second level is the protection from unauthorized dumping and 
interpretation of data. Without the right key an unauthorized access will not be allowed to write anything into the 
tables. On the other hand, the existing data in the tables cannot be decrypted. The third level is the protection from 
unauthorized access during the transmission process. Even if unauthorized access occurs during transmission, there 
is no harm to the encrypted data unless the user has the decryption code (Ma, Chou, & Yen, 2000). 
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FUTURE TRENDS 
Data warehousing administration 3!1d management is facing several challenges as data warehousing becomes a 
mature part of the infrastructure of organizations. More legislative work is necessary to protect individual privacy 
from abuse by government or commercial entities that have large volumes of data concerning those individuals. The 
protection also calls for tightened security through technology as well as user efforts for workable rules and 
regulations while at the same time .still granting a data warehouse the ability to perform large datasets for 
meaningful analyses (Marakas, 2003). 

Today's data warehouse is limited to storage of structured data in the form of records, fields, and databases. 
Unstructured data, such as multimedia, maps, graphs, pictures, sound, and video files are demanded increasingly in 
organizations. How to manage the storage and retrieval of unstructured data and how to search for specific data 
items poses a real challenge for data warehouse administration and management. A new and expanded data 
warehouse architecture and interface will be needed to accommodate these questions. One of the future solutions for 
managing the storage and retrieval of unstructured data in data warehouses is alternative storage, especially the near
line storage, which is one of the two forms of alternative storage. The primary advantage of near-line storage, 
among many others, is that near-line storage uses siloed tapes. The tape cartridges are archived, accessed, and 
managedmbotically, thus fitting best with the data warehouse environment (Marakas, 2003). 

In the past decade, with the rise of the Internet and WWW, distributed processing architectures, object-oriented 
technologies, and client/server computing architecture, enterprises have been able to build state-of-the-art 
applications of real value to their businesses. One of the most exciting and fastest-growing fields in computing is the 
intranet and its accompanying applications. An intranet is a private business network based on Internet standards. 
With.this Intemet/intranet trend, the most likely impact on data warehousing is to use the Internet/intranet to make 
data warehouse available on public and private networks (Moeller, 2001). Today, Web-enabled versions of all 
leading vendors' warehouse tools are becoming available. Because of the characteristics of a Web browser, it can he 
used as a universal interface for data warehousing environment. This recent growth in Web use and advances in e
business applications have pushed the data warehouse from the back office, access~d by only a few business 
analysts, to the front lines of the organization, where all employees and every customer can use it. 

To accommodate this move to the frontline of the organization, the data warehouse demands massive scalability for 
data volume as well as for performance. As the number of and types of users increase rapidly, enterprise data 
volume is doubling in size every 9 to 12 months. Around-the-clock access to the data warehouse is becoming the 
no~. The data warehouse requires fast implementation, continuous scalability, and ease of management (Marakas, 
2003). 

Another trend in the data warehousing is to build distributed warehouses which are normally called data marts and 
have a high rate of success. This type of warehouses is less · expensive, smaller in size, and easier to manage than 
regular data warehouses. As the need arises, new data marts can be brought online and networked together into a 
distributed system. This can save enterprises hundreds of thousands of dollars compared w:ith the cost ofbupding 
data warehouses, which have a very high rat~ of failure. Other technical advances in data warehousing will include 
an increasing ability to exploit parallel _processing, automated information delivery, greater support of object. · 
extensions, very large database support, and easy-to-use Web-enabled analysis applications. These capabilities 
should make the data warehouses of the future more powerful and easier to use, which will further increase the 
importance of daqt warehouse technology for business strategic decision making and competitive advantages (Ma, 
Chou, & Yen, 2000; Marakas, 2003; Pace University, 2004). 

CON.CLUSION 
The data that organizations have captured and stored are considered. organizational assets. Yet the data themselves 
can not do anything until they are put into intelligent use. One way to accomplish this goal is to use data war~house 
and data mining technology to transform corporate information into business competitive advantages. 

Data warehouse develop~ent is a large system development process. Data warehouse life cycle follows CLOS, 
which is a data-driven development life cycle, the opposite of SDLC, which is a requirement-driven development 
life cycle. Data warehouse team selection needs to look into both the business sector and the technical sector. All the 
technical roles need to be performed full-time by trained professionals. 
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Security management has become one of the hottest topics in today's IT world. In addition to commonly used 
database system security controls, encryption of sensitiye data while they are being written into data warehouse will 
greatly incre~e the data security level of a data warehouse. · 

What impacts data warehouse the most is Internet and intranet technology. Web browser will become the universal 
interface for corporations, allowing employees to browse their data warehouse worldwide on public and private 

. networks, eliminati,ng the need to replicate data across diverse geographic locations. 
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CASE STUDY: STRATEGIC CHOICES .IN THE TRENCHES AT ENRON 

Gordon W. Arbogast 
Jacksonville University 

INTRODUCTION 
There is a paucity of good strategic, ethics cases in the literature. Fortunately, the early 2000's produced some 

excellent companies from which to draw such cases i.e. Health South, WorldCom, Adelphia to name a few. 
However, the best example is one that is in the spotlight at the current time-Enron. Too often, courses in corporate 
ethics treat the subject conceptually or historically. This usually results in a 'structural 'approach', as in "Corporate 
Boards should have non-executive chainnen" or "Public disclosure statements should expense executive options". 
Valid as these approaches are, they don't do much.for the plight of the individual within the corporate world. More 
specifically, there is little content here that educates the individual on how to manage a difficult ethics problem 
when one is encountered. · 

Major corporate ethics issues usually develop with the active cooperation of one or several senior executives. 
Individuals who encounter and are inclined to object to questionable practices are often intimidated by the risks of 
crossing these executives. Moderately questionable practices can then become routine, providing a foundation for 
even more aggressive activities going forward. Meanwhile, word gets around that the corporate culture 'winks at' or 
even applauds such 'creativity'. New individuals inclined to object must not only confront the risks of the original 
perpetrators, but also a culture of precedents endorsing questionable actions and the unspoken sense that a 
compromised senior management and/or Board will defend itself with all .its power against anyone attempting to 
bring ethical violations to light. 

This dynamic is now familiar to all who have examined the corporate scandals of the last decade. Yet, there is no 
'how to' material available to coach individuals on how to resist unethical cultures .. Individuals in these situations 
must struggle with structures that are failing or have already failed. The general sense is that individuals in such 
circumstances have no alternatives other than go along or just go. 

Such is not the case. Evidence supporting this position comes from no less a corporate ethics disaster than that of 
Enron. A close reading of the Enron story yields mote than a few individual employees who not only resisted, but 
also. resisted with some success. Sherron Watkins is rightly famous for her memo to Ken Lay, but there were others 
who adopted different tactics; collectively they provide a rough spectrum of the tactical options available to honest 
employees who discover that they are operating within a rotten structure. By reconstructing their stories into case 
studies, new light can be thrown on the dilemmas that individuals must face and the choice of resistance options that 
may be available. 

Jordan Mintz was one of those Enron resistance figures. His chosen tactics were somewhc\t different than Sherron 
Watkins'. In the end, they played a major rQle in CFO Andy -Fastow's dismissal. This case study is based upon 
published sources and faithfully describes both Mintz' situation and the dilemmas posed for him by Fastow's LJM 
private equity partnership. The LJMI swap transaction details and Fastow's quotes are historically accurate. The 
narrative account in the case and the attached documents are fictitious, created as a means to describe the underlying 
transaction, Fastow's interaction with the Enron Board and the tactical options Mintz could have considered. · 
Suffice it to say that the path Mintz ultimately chose is represented among the options presented. 

It is the intent to show students that corporate workers are not helpless within a compromised corporate culture; 
options do exist and even 'worst case' outcomes for individuals lose. some of their intimidation power when 
expressly contemplated,. For in the end, corporate ethics and control structures depend on the willingness of . 
dexterous individuals to defend them when the challenge comes: 

THE CASE 
Nothing in his previous life had prepared Jordan Mintz for what he found in his first week at Global Finance. Mintz 
had been at Enron for four years. He was a lawyer in the Tax Department. Then, in October 2000, Andy Fastow 
summoned him and asked him to become general counsel for Global Finance. The opportunity to move from tax to 
general corporate and securities law was enticing. Global Finance was controversial but known as a 'creative shop'. 
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In fact, Global Finance was riow one of the 'places to be' at Enron. Andy Fastow had become Enron's Chief 
Financial Officer in I 998 and immediately set about mal_cing Global Finance a major _player within the organization. 
Fastow ran a secretive shop and which was known mostly for fiendishly complex financial transactions that seemed 

: to coincide with Enron hitting its quarterly earnings guidance given to Wall Street analysts. For this, Fastow and 
Global Finance had been rewarded with handsome compensation and powerful influence with Jeff Skilling, Enron's 

·CEO. 

· Mintz accepted Fastow's offer. The first thing he found hi his new Global Finance files concerned a deal between 
Enron and a special purpose company called LJM. Mintz had known something about LJM before he transferred 
offices.· He knew that it was a special purpose vehicle se_t up for the express purpose of pw:_~hasing assets from 
Enron. He had heard that LJM was one of the ways Enron pursued .its 'asset lite' business strategy, and that Andy 

- Fastow was the creative force behind the vehicle. There had also been more disturbing rumors to the .effect that 
Andy was part owner of LJM and thus was engaging in a blatant conflict of interest. However, Mintz had also heard 
that Andy had reviewed LJM with the Enron Board. In all likelihood, whatever relationship Andy had with LJM 
had been vetted and approved. 

As part oflearning his new job, Mintz sought more information about LJM. He came across a draft Global Finance 
memo that contained considerable background on the origins, purpose and structure ofLJMI (see Attachment I). 
The memo was also of interest because it was addressed to the Board and sought an exemption from the Enron 
Ethics Policy 'for Andy Fastow. In reviewing the draft memo, Mintz noticed a number of disturbing points. First,· the 
paper was crafted ~ such a way as to make Fastow's exception request seem an act of sacrifice for the benefit of 
Enron. Yet, Fastow likely would profit from the transaction, especially in the case where the option proved 
worthless to Enron. Moreover, the Enron shareholders seemed to be taking most of the risk. Should the option be 
'put' and LJMI forced to absorb a loss, the partnership would sell off Enron shares to cover· most of the deficit. 
Doing some quick sums in his head, Mintz estimated that at the current stock price, the 3 .4 million shares Enron 
contributed were worth about $276 M. After deducting the $64 M in notes given back to Enron, LJMI 's net capital 
would consist of$212 Min Enron stock and $16 Min cash. Enron stock would thus constitute about 93% of 
LJMI 's net worth and would fund essentially that percentage of any partnership loss. Enron's stockholders would 
feel any partnership loss directly via dilution effects in the event LJMI ended up selling shares. 

Mintz also noticed a scarcity of detail regarding the partners' compensation. Clearly Andy Fastow, in addition to 
receiving one-half million dollars in management fees, was to benefit along with the limited partners; but what was 
the high return that partners would earn if the option was never exercised? Were there any special partnership 
provisions that shifted even more of the risk to the Enron partner and away from Fastow and the private investors? 
Indeed, how substantive was the proposed transaction when all the facts were known? 

So, Jordan Mintz had more than a few questions about LJMl. However, the file contained little in the way of 
further detail. Normally Rick Buy's Risk Assessment and Control Department (RAC) would evaluate a transaction 

· of this size and complexity. However, no RAC assessment was available in the file. Mintz had heard that RAC had 
brought in Vince Kaminski to do an assessment ofLJMI. However, Kaminski and his Research group had shortly 
thereafter been transferred to Enron North America, where it reported to the VP of trading, Gene Whalley. 
Whatever analysis Kaminski had provided was no longer available. There also was nothing in the way of analysis 
or opinion from Enron's auditor, Arthur .Anderson. What the file did contain was a memo from Enron's Board 
Secretary documenting that on June 28, 1999 the Directors reviewed and approved Fastow's request for an 
exception to the corporate Ethics Policy. Additional papers confirmed that the Enron-LJMI transaction closed on 
June 30. So, it was a 'done deal' approved at the highest level. Mintz put the file .in his drawer and turned to other 
matters. 

Over the subsequent weeks, more disturbing questions surfaced for Mintz' regarding Global Finance in general and 
LJM in particular. Other UM-Enron deals had followed the swap transaction. Uniformly they were poorly 
documented. Files were unorganized and.key documents were scattered. Approval forms were missing required 
signatures. Corporate separateness was not being respected; indeed, LJM people and Enron employees were 
working side by side without evidencing particular care or scruples about who W@S doing what. The cumulative 
effect added up to an extremely negative message. Either Global Finance was hugely disorgantzed as regards its 
many, highly complex transactions or it had an interest in hiding matters pertaining to LJM. 
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Mintz decided to find out which was the case by testing Fasto~ directly. Near the end of 2000, he went to Fastow 
with his concerns on LJM. Y ear-e!}d Enron financials would soon need to be prepared. Mintz asked Fastow 
whether Enron should disclose more details about the LJM transactions and in particular report how much money 
Fastow was making from LJM. After first commenting that he probably shouldn't discuss his compensation before 
talking to his lawyer at Kirkland & Ellis, Fastow told Mintz "Let's figure out a way not to disclose it [Fastow's 
compensation]." He went on to add, "Hell, if Skilling knew how much I made, he'd have no choice but to shut LJM 
down." 

Jordan Mintz had his answer. Global Finance, it was certain, was hiding things. Put together with the 
documentation and approval 'shambles', this amounted to a monumental set of risks for Enron. Should an 
investigation ever uncover these facts and circumstances, SEC and shareholder suits were likelihood if not a 
certainty. The damage might not stop there. Mintz became deeply concerned and a bit panicked. 

What to do? Mintz closed the door of his office one evening at 6pm, turned out the lights and sat in the dark, pad 
and pencil in hand. Sipping on a diet coke, he began to list the practical options available for action. The immediate 
objectives were two fold: 1) protect Enron from further legal violations and limit the damage of those that might 
already have occurred; and 2) make sure that Jordan Mintz was not himself complicit in such current and future law 
violations as might come to pass. · 

Mintz quickly determined that he first needed to decide what 'objection' to raise as the most effective means of 
galvanizing concern at high levels in Enron. There were several candidates: 

• . Internal procedure and documentation: necessary signatures and documents were not in condition to 
withstand audit or a more serious investigation 

• Failure to disclose material facts to the Board: by failing to disclose the extent of his compensation 
relative to his capital at risk or to lay out clearly the economic consequences for shareholders if the option 
were exerci~ed, Fastow failed to provide the Board with a reasonable basis for deciding upon the exemption 
request 

• Failure to conduct risk analysis and advise Management of the consequences of a 'downside case': by 
not being provided with a RAC analysis or audit report, management lacked the basis for assessing the 
consequences of adverse developments affecting LJM and thus a basis for deciding whether to continue 
doing business with the partnership and its successors .. 

. • The absence of controls and monitoring of Andy Fastow's ethics exception: Global Finance had failed 
to propose means by which Fastow's conflict of interest would be monitored and reported on to the Board 

• The failure to provide adequate disclosure about LlM in Enron's public filings: a detailed outline of 
~e parties to the transactions and the substance of the transactions themselyes should be provided so as to 
evidence that Enron management and its Board had carried out their fiduciary duties, that no 'sweetheart 
deal' existed, the transactions were substantive, and that the compensation paid to LJM's investors, 
including Andy Fastow was appropriate. 

Next Mintz considered whom to approach with his chosen concern(s). There were several possibilities: 

I. His boss, Andy Fastow 
2. Andy's boss, CEO Jeff Skilling 
3. Enron Chairman, Kenneth Lay 
4. Head of Trading, Greg Whalley 
5. Enron's auditor, Arthur Anderson (relationship manager David Duncan) 
6. Someone on the Enron Board, perhaps' the Audit Committee Chairman 
7. Enron's Chief Legal Counsel Jim Derrick 
8. An external contact, perhaps at the SEC or one of securities analysts covering Enron 

Lastly, Mintz had to consider the potential consequences for him personally, He could not know in advance the 
reaction of the person to whom he would first voice his misgivings. It was likely he could expect resistance and/or 
be told his concerns were exaggerated. How hard was he prepared to press his case? That would certainly be 
influence by what consequences Mintz was prepared to accept. So, Jordan listed his potential personal 'end game' 
options: 
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I. He could threaten -to resign and be prepared to-follow through. 
2. He could ask for a transfer back to Tax. · 
3. He could back off for the moment and look for further opportunities to press the issue. 
4. He could document fully that he had raised all matters with appropriate superiors, create secure files with 

backups, and be prepared to produce them if troubl~ arose down the road. 

· . Attachment 1 
Draft -

May 15, 1999 

To: The Board of Directors 

From: Andrew Fastow 

Subject: Special Exemption from Ethics Policy . 

This memo is intended to request a special exemption from the Enron Corporate Ethics Policy to allow the author, 
Andrew Fastow, to participate as General Manager and minority owner of a private equity fund, LJM. By granting 
this exemption, the Board will enable LJM to complete its organization, fund raising and the actions necessary for it 
to enter into a derivatives transaction with Enron that is decidedly in Enron's interest. This transaction must be 
completed during the second quarter ifit is to meet Enron's objectives. Therefore, an immediate decision of the 
Board is requested. 

The transaction in question will allow Enron to hedge a large gain that has accrued on an investment made during 
the last year. In March 1998, Enron Broadband made _a $10 million investment in a high-speed Internet startup, 
RhythmsNet Connections (RNC). This investment was one element of the implementation ofBroadband's strategy: 
that of identifying and investing in emerging technologies in the broadband sector. RNC has since gone public and 
the stock.has appreciated dramatically (last close at $69/share). Enron's original $10 M investment is now worth 
upwards of $300 M. 

Management has reviewed RNC's business plan and outlook. While the future for the company remains bright, 
Enron has already captured all the technology and know-how that it is entitled to receive from RNC. In addition, 
Global Finance's valuation indicates that RNC's stock is now trading at a substantial premium to long-term 
fundamental valuation. Not only is there little further technology upside for Enron should it retain i~ RNC shares, it 
is more likely than not that the current investment valuation may erode, perhaps substantially. Therefore, Global 
Finance has recommended and management has endorsed a course of Enron divesting its position in RNC as soon as 
practicable. 

When Enron made its original pre-lPO investment in RNC, it agreed to a 'lock-up' provision as part ofthe 
_arrangement. This 'lock-up' expires in November of this year. Enron therefore remains exposed to the erosion of 
its investmeat's value until that time. Management believes that the prudent course would b~ to hedge the value of 
RNC shares with a 'derivative security' for the period June to expiry of the 'lockup' in November. · 

Normally this would be accomplished by Enron purchasing a 'put' option on RNC's shares. However, technical 
factors make this impossible. Enron owns approximately 50% of all RNC shares that trade. Trading volume in the 
stock is very thin, a condition not atypical for startup companies. Unfortunately, the combination of thin trading 
volume and a large block of shares renders it virtually impossible to find a counter party willing to sell a RNC 'put' 
option. Global Finance is of the view that no market hedge option is available to Enron, due to the illiquid trading 
conditions for RNC stock. · 

RNC's illiquid trading also implies that Enron is exposed to dramatic price declines at any time. Therefore, time is 
of the essence as regards development of any alternative hedging strategy. Accordingly, Global Finance has 
developed a near-term hedge strategy involving the immediate rah~ing of funds from outside investors. 
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Under this strategy a private equity fund, LJMI will be formed. Third party investors contacted personally by me 
are prepared to contribute $15 M to the fund. However, they will only. invest if I am both General Partner and an 
investor. Therefore, I have agreed 'in principal to serve and to invest $1 M of my personal funds. Enron must also 
invest in the fund to assure that it is adeqtµ1tely capitalized to bear the risks of the hedge transaction. However, it 
may do so by contributing stock, a total of 3 .4 million shares. LJM I will then use a portion of the cash and stock to 
form a subsidiary (Swap Sub) for purposes of providing Enron with the RNC hedge it seeks. 

Once LJMI and Swap _Sub are formed and capitalized, Enron will receive the following: 

• A 'put' option on its entire position in RNC stock at a strike price of $56 per share 
• $64 M in LJM I notes , 

Essentially, this transaction provides Enron with the hedge it seeks at no cost to the company. IfRNC stock never 
falls below the $56 strike price, the option will expire and Enron may sell in the market at a higher price. Should 
RNC shares decline below $56 per share, Enron may 'put' its entire block of shares to LJM I Swap Sub and realize 
$56 per share. Should the put option be triggered, Swap Sub will use its cash and/or the sale of Enron stock to cover 
its losses when it disposes of the 'put' RNC in the open market. Enron has no obligation to contribute cash to cover 
any LJM losses. Once the RNC shares are disposed of in the market, either by Enron directly or by Swap Sub, the 
fund will liquidate itself at an appropriate time and deliver all proceeds to the respective partners. 

In this fashion, Enron is hedged on some 80% of its RNC gain. It ~lso benefits from being able to recognize the 
receipt ofLJMI notes as operating cash flow in this reporting quarter. As regards LJMI, the General Partner (GP) 
will receive a $500,000 annual management fee. In addition, the GP and the limited partners will each earn fees 
and/or premia on their risked capital in the event the 'put' option is never exercised. Should the option be exercised, 
the partners' return will depend upon the relationship between the strike price and the market price at which LJM I 
disposes of the RNC shares. It is possible that the partners may lose a material portion or even all of their risked 
capital; it is to compensate for this risk that the partners' return is high in the scenario where the option is never 
exercised by Enron. the accounting firm of Pricewaterhouse-Coopers will be issuing a fairness opinion confirming 
that the transaction as described is firir to Enron. 

For this transaction to be put in place promptly, it is necessary to work with the external investors that have 
indicated a willingness to commit sizeable cash funds.· Their participation is essential to establish LlMl as a 
legitimate external counter party for Enron and to secure 'hedge' accounting treatment. These investors have made it 
a non-negotiable requirement that I be involved in the fund in the manner noted above. Under normal circumstances 
an Enron officer, who was also a principal of another party transacting with Enron, would be engaged in a .clear 
conflict of interest prohibited by our Ethics policy. Under the special circumstances described above, Management 
has deemed it appropriate to disclose the facts and circumstances to the Board and request an exception to the Ethics 
Policy be granted. 

Accordingly, an exception to the Enron Corporate Ethics Policy is requested to allow Andrew Fastow to engage in 
the aforementioned transaction in the manner described above. 

This memo has been reviewed with and endorsed by CEO Jeff Skiliing and with internal General Counsel. 

Andrew Fastow 
Chief Financial Officer 

STRATEGIC THINKING EXERCISE . 
Assume that you are Jordan Mintz, the new general counsel for Global Finance in Enron during the 2000-200 I (pre
Sarbanes Oxley). How co.uld you use strategic thinking to assist in dealing with the dilemma in which you fmd 
yourself? Draw on the concepts of Sun Tzu, Clausewitz, Machiavelli, Caesar, and any other of the classical 
strategists in addressing this question. Your solution should be in an outline form. 
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SOLUTION TO STRATEGIC THINKING :EXERCISE . 
Introduction: Employing strategic thinking will require the answer to 3 questions: 

· a. · Where is Mintz now? - Will require a SWOT analysis. 
-b . . Where does he want to go? Use a visioning and objectives exercise 
c. How will he get there? Craft an implement strategies 

Strategic_ Thinking: 

. a. · SWOT Analysis: an honest, open assessment of my situation. 
Strengths: My excellent reputation; internal compass (morals); knowledge ofcorporate law; some of 
accounting/finance etc. Belief that right makes might 
Weaknesses: New in Global Finance; do not know the terrain (Sun Tzu); 
Time is an enemy, as I need to act relatively quickly before also potentially becoming complicit. 
Company is on the "Road to Abilene" with everyone intimidated and afraid to confront obvious 
malfeasance. · 
Opportunities: Great opportunity to save the company; salvage people's careers and livelihoods; Long
term opportunity exists to seize the. high moral ground and led a counter-movement to right the ship; 
re-establish high ethical and moral standards in the company . 

. Threats: Personally, mainly short-term- loss of new job, reputation in the company; loss of confidence 
from top-management; terminating career in Enron; major threats to the company from outside · 
regulatory agencies e.g. SEC, DOJ etc. · · 

b. Vision: I will only seek employment with an ethical company that is consistent with my core beliefs of 
integrity, honesty, and professional behavior. I will never sacrifice my integrity or reputation, because 
that is the primary asset that I possess. If this company is in real ethical trouble I will work hard to tum 
it around. In that regard I will do everything short of sacrificing my own integrity, even if it leads to 
loss of employment in this company. ("S~sh analogy" - Vision with action can change the world") 

c. Mission: To ensure that any major ethical issues involved with Fastow's operation are brought to light 
and dealt with as soon as possible; to protect ENRON from current and future damages/sanctions that 
could occur from such issues spiraling out of control and being dealt with by external 
agencies/organizations. 

d. Objectives: 
I. Protect current ethical standards of conduct in the company. 
2. Develop new needed ethical standards, as well as needed accounting procedures and controls. 
3. Protect shareholders and stakeholders from fall-out associated with Fastow's operations. 
4. Protect higher management from same. 
5. Ensure·full disclosure of all deviations from GAAP and SEC regulations. 
6. Make sure I do not become complicit 

e. Assumptions 
I. Fastow has seriously compromised himself and is a lost cause to rehabilitate. He has adopted 

a totally Machiavellian approach that the end justifies the means with no risk to the company 
being too great. 

2. Enemy is Fastow (Know your enemy - Sun Tzu}. As the bad drives out the good (Gresham), 
he needs to go. 

3. Skilling is still unknown, but is probably compromised as well. 
4. No ombudsman or other convenient review vehicle exists to get this matter dealt with in a 

relatively sane, stable way. 

f. Crafting Strategies: 
I. Start on the Defensive (Clausewitz) 
2. Learn the terrain quickly. Good intelligence on all aspects of potential violations is absolutely 

essential (Sun Tzu}. 
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3. Review carefully all Enron related guidelines on ethical misconduct to include how to report 
it ( ombudsman?) 

4. Talk to family and close confidants about any decision to move 
5. Build alliances (S~ Tzu) - RAC, Chief Legal-Counsel; Kaminski. See if there are others with 

similar misgivings and compare notes, opinions and strategies. 
6. Enlist spies (Sun Tzu) 
7. Know yourself, know your enemy (Sun Tzu)- get closer to Fastow and his key lieutenants 

who are executing unethical practices e.g. Kopper and Glisan. ("Keep friends close; your 
enemies closer"- Michael Corleone from The Godfather). 

8. Develop a time-phased strategy starting within the system and working up and then· outside if 
necessary. Use protracted warfare if necessary · 
(Mao-Tse-Tung). 

a. Start first with Skilling 
b. Then Board of Directors- Head of Auditing Committee first. 
c. Then Lay 
d. Lastly as whistle-blower to outside entities i.e. SEC, media etc. 

9. Be prepared for a bruising fight and possible termination 
10. Exploit weaknesses (Sun Tzu)- ~ighlight major violations that are irrefutable e.g. Fastow's 

unauthorized fees withheld from Skilling etc. 
1 L Keep opposition psychologically off-balance .(Sun Tzu) and stay on the offensive 

(Clausewitz) 
12. Hold back the biggest ammunition until you are ready to strike at the "Schwerpunkt'' 

(Clausewitz) i.e. presenting the Board with irrefutable evidence of criminal wrongdoing with 
dire consequences to all. 

13. See it through; divide and conquer (Caesar) even if it means destroying the current, 
potentially corrupt management of the firm by going outside to the press and to the 
government. 

14. · Document, Document, Document 

g. Executing Strategy: 
1. Build convincing, airtight case against Fastow using lack of full-disclosure as the primary 

vehicle. {Attack weakness- Sun ·Tzu) · 
2. Assess probability of success of going to Skilling. 
3. Use element of surprise when confronting Skilling and later the Board, if necessary. 
4. Be convincing- I am on the side of the Enron stockholder and you- Fastow is the 

Machiavellian who has sold the company out. 
5. Use speed and move to higher levels ·quickly if Skilling balks or shows any sign ofwaflling 

(Speed,- Sun Tzu). 

h. Evaluating Strategy: _ 
I. Need to be able t_o evaluate quickly and to modify the strategy/plan as you proceed ''No battle 

plan survives the first shot" - military axiom~ If start with envelopment, be prepared to go to a 
preemptive strike if necessary. · · 

2. Have exit strategy in place- be prepared to lose your job; do not let job security weaken your 
resolve. If the company is rotten to the core, you don't want to work there anymore in the 
final analysis. 

Other possible alternative strategies: 

1. Enlist a major organization or two outside the firm and partner with. them to get to the bottom of the ·major 
issues (Deep Throat). This has a number of major risks, which may dissuade Jordan from moving in this 
direction until he ·is absolutely positive that the organization does not have any redeeming qualities. 

2. Draw up a full report of all major discrepancies and furnish it to Lay. Advise that it is just a matter of time 
until outside agencies are pursuing these matters. 
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TEACHING NOTE 
This case has been used in two different MBA sections- Summer and Fall of 2005. In the first instance it was used 
·as an open case that was discussed by the class in open forum. The c~e was assigned to be read in the previous 
class and approximately two hours of class time was employed to discuss it. On the whole it was a successful 
endeavor. The· class became divided over the ethics violations and culpability of the various management players in 
the case. Concerning.Mintz, most were uniformly consistent in their praise for his actions and the severe 
predicament in which he had to operate received much .empathy. A small majority felt that he could have initiated 
even more decisive action, although it was recognized that he was _operating in a very constrained environment. Lay 
and ~killing came in for major criticism, although Fastow was recognized as the real evil genius who had 
maneuvered the company into very perilous shoals. With regard to process the case flo\Yed fairly well, although the 
strategic discussion became somewhat disjointed at times, moving rapidly back-and-forth between strategy 
formulation and execution. · 

In the Fall 2005 the case was used as a midterm exercise. It was not the entire midterm, but counted for about 25% 
of the grade. The question was as posed above. Students had been given the case in the following class and were 
encouraged to discuss it among their groups. They were advised that they could retain the case and refer to it during 
the mid-term exam. The question forced them to address the problem in a much more systemic and orderly process. 
Approximately one-third of the class did an excellent job in developing an answer that followed the strategic 
management process and seemed reasonable; another one-third did a satisfactory job in using the process and being 
somewhat real world; the last third failed to produce an answer that either followed the process or appeared feasible 
in any fashion. The advantage of using it on the exam, was that it was possible to grade their response; provide 
feedback to each student in writing, and lastly, to discuss a proposed solution to the exercise in the next class. It was 
emphasized that the instructor's solution was far from the only, or probably even the best, solution. However, it 
followed the strategic management process and meets the criteria of feasibility and reasonableness. 

While this case emphasized the actions of Jordan Mintz, it is recognized that there were many other protagonists in 
the Enron scenario upon which cases could be constructed. More work is needed in this area to fully exploit all of 
the "lessons learned' from this unusual and tragic episode. 
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BEST PRACTICES IN THE DESIGN AND COMMUNICATION OF DEFINED CONTRIBUTION 
RETIREMENT PL~S: LESSONS FROM BEHAVIORAL DECISION MAKING 

Jeffrey J . Bailey 
University of Idaho 

ABSTRACT 
The purpose of this research is to identify best practices in the design and communication of 40l(k) and other 
defined contribution retirement plans (DCRP). The best practic_es are identified and developed from two major 
sources of input. First, findings from a variety of behavioral finance and retirement -savings studies form one basis of 
the design and communication suggestions. Second, effective current practices employed by firms and government 
organizations form another basis of design and communication suggestions. It is noted that 40% of working adults in 
the U.S. are currently saving nothing for retirement (Employee Benefits Research Institute, RCS, 2005). The 
findings of this research offer guidance in the design and communication of DCRP so as to encourage greater levels 
of retirement savings. 

INTRODUCTION . 
Matthew Boyle (2005) contends that 40l(k) plans have severalbenefits including vesting rights, protection from 
employer bankruptcies, and portability. However, in his terms, ''there's a catch." The individuals end up with a 
great deal of responsibility for managing their retirement accounts and this creates a host of problems. In recent 
decades there has been a dramatic shift in the major form of retirement plans being initiated by businesses. Pension 
plans.used to be concentrated in defined benefit plans. Today there are fat more assets in defined contribution plans. 

With defined benefits plan, employees made few decisions about their retirement funds. Defined benefit plans are 
managed by the companies sponsoring them and by professional investment analysts. Defined contribution plans 
contrast in that the employers specify an amount they will contribute to an employe_e's retirement account. 
Employees then make important decisions about how much to contribute and how to allocate ''their funds" within 
the larger plan they are participating-in. The larger plan is, of course, still managed professionally, but the individual 
makes many very important decisions about his or her retirement savings. 

The 40l(k) and related defined contribution plans allow the individual employee the opportunity aild responsibility 
to decide how much to contribute and how to allocate their funds, both of which have a big impact on their 
retirement income level. There is a strong trend towards retirement investment autonomy. Control over how to 
invest one's retirement funds has been turned over to each individual. There is a variety of reasons for this~ including 
the major shift from defined benefits plans to defined contribution plans. However, the investment autonomy creates 
a generaI·problem concerned with the effectiveness of individuals' decisions in these matters. 

Effectiveness in retirement plan decision making is a significant concern. First, there are large amounts of assets 
invested in these accounts. In 2003, the total asset value of defined contribution plans was· s2.4 trillion Copeland 
(2005) [EBRI Issue Brief277]. As ear!y as 1993, 40l(k) contributions were valued at amounts greater.than those in 
defined benefit contributions (Bassett, Fleming, & Rodrigues, 1998). The shift to defined contribution retirement 
plans does provide many benefits for employees (e.g~'s portability, control in allocation of one's retirement 
resources, etc.). $1.8 trillion in 40l(k) accounts is not a trivial amount of investment. An underlying assumption in 
this shift towards more autonomy is that employees make good choices these retirement investments. Unfortunately, 
many employees actually make poor decisions concerning contribution levels and allocations. Plan participants, plan 
administrators, sponsoring companies, and government _officials have all shown a great interest in improving 
retirement plan decision making. An important step towards this goal is to improve our understanding decision 
behavior in retirement investing. For example, improving our understanding of how and why people choose to (or, 
not to) make contributions to retirement investments is helpful towards improving the relevant decisions of · 
employees. 

Many recent, high profile corporate debacles have created financial troubles for institutional and individual investors 
alike, not to mention the damage to the markets indirectly attributable to them. Many of these companies had 40l(k) 
retirement plans in which their employees had participated. Enron, for example, had a 40 I (k) plan that offered 18 
different choices for the participants. That is, the employees could choose how to allocate their retirement funds 
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across 18 investment alternatives. -They could put as much or as little of their vested funds into any of the choices. 
Surprisingly, 62% of the Enron employee 40l(k) asse~ were invested in the company's stock. When Enron's stock 
.price fell 99'Yc, in a matter of months, employees lost more than $1 billion in retirement funds (Costello, 2002). 

· Charles Prestwood, a long time Enron employee, saw his 401 (k) retirement plan assets fall from $1.3 million in 
value to nothing (Sloan,.-2002). 

While Enron provides a rare example of extremely detrimental effects of poor 40l(k) investment choices, the 
problems associated with poor retirement investment decisions loom large. Many employees are not adequately 
diversified, not participating at substantial levels, and in other ways not engaged in successfully managing their 
funds. Hence, the first premise of the research proble~ to be addressed by this research i~,that there is a significant 
amount of retirement investment funds being managed by employees who are not trained in finance and who are 
making decisions that are making it difficult for them to reap the benefits associated with effectively managing their 
own retirement funds. · 

Giv_en the problems associated with employee decision making behavior relevant to retirement investments, there is 
a great deal of interest in better understanding the decision making process in this domain. Many are working on this 
problem, as described below. This decision-making occurs under conditions of risk and uncertainty. As with all 
investment decisions, there is some level of risk-exposure and some level of uncertainty. Drawing on the relevant 

· behavioral f'."mance studies and on current practices, a set of best practices in the design and communication of 
defined contribution retirement plans is developed. 

THEORETICAL BACKGROUND 
The study of decisions under risk and uncertainty is not new. In fact, Bernstein (1998) suggests that "The 
revolutionary idea that defines the boundary between modem times and the past is the mastery of risk: the notion 
that the future is more than a whim of the gods and that men and women are not passive before nature." For 
thousands of years people have been making investment decisions. These decisions involve risk as some 
investments pay off and some do not. It is only in relatively recent times that people have begun to more effectively 
manage their exposure to risk. By the middle of the seventeenth century there was growing trade and commerce 
such that wealth was no longer primarily "inherited from preceding generations: now it could be earned, discovered, 
accumulated, invested - and protected from loss" Bernstein (1998, p.89). Edward Lloyd (Lloyds of London) 
facilitated the growth of the insurance industry, and with it, the spreading of risk as a management-of-risk technique. 
Since that time, there has been a continued study of risk and decision-making under risk and uncertainty. 

Daniel Kahneman, Amos Tversky, and their colleageues have had a significant influence on our understanding of 
decision-making under conditions of risk and uncertainty. They have developed Cumulative Prospect Theory 
(Tversky & Kahnem~ 1992) which suggests that individuals faced with risky prospects do not make decisions 
consistent with expected utility theory. Their initial work leading to Prospect Theory and their continued work has 
helped to foster a generation of researchers who are looking at behavioral influences on risky decisions. The 
research into behavioral influences attempts to account for such things as individuals' limited cognitive capacity, 
predispositions (personality characteristics), and other influences of decision-making under risk. 

Turning to the employee retirement savings domain, we see that one of the basic questions being asked is "What 
influences an employee's 40l(k) contribution and allocation decisions?" Bailey, Nofsinger, and O'Neill (2003a) find 
that retirement decisions are influenced to a great extent by factors falling into one of four categories (plan 
characteristics, employee characteristics, social influences, or psychological biases). . , 
Plan characteristics that influence participation include employer matching (Hansen, 1999; Andrews, 1992; Papke, 
1995; Papke & Poterba, 1995), automatic enrollment (Madrian & Shea, 2000), account flexibility (Holden & 
VanDerhei, 2001; Gunderson & Luchak, 2001), investment choices (Benartzi & Thaler, 2001), and others. 
Employee demographic characteristics that influence decisions relevant to 40l(k) plans include age (Bassett, et al., 
1998; Holden & VanDerhei, 2001), income (Bassett, et. al., 1998; Hubbard & Skinner, 1996),job tenure (Bassett, et. 
al., 1998), and others. A given employee's risk preference, or tolerance for risk will, of course, influence how much 
risk he/she is willing to take on in a retirement fund portfolio. 

Social influences represent the effects of others' behaviors and suggestions on employee retirement investment 
decision making. Many Enron employees report having felt social pressure to allocate retirement funds to company 
stock (even though there were 17 fund choices available in addition-to the stock choice). Bailey, Nofsinger, and 
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O'Neill (2003b) and Duflo and Saez (2003) find experimental evidence of social influences. Bailey, et. al., (2003b) 
find that social norms play a significant role in the amounts that the people indicate they will contribute to a 401 (k) 
plan. .. 

Psychological biases that can influence retirement investment decisions include risk compensation (Bailey, 2004), 
framing (Benartzi & Thaler, 2002,. Benartzi & Thaler, 2001 ), familiarity bias (Coval & Moskowitz, 1999; 
Huberman, 2001 ), representativeness bias (Dhar & Kumar, 2001; Shefrin, 2000), status quo bias (Madrian & Shea, 
2001; Samuelson & Zeckhauser, 1998; Tversky & Shafir, 1992), and others. Individual risk tolerance has also been 
shown to have an influence on the types of investments people will choose to make (see for example, Bailey & 
Kinerson, 2005). Many of the implications associated with research findings about influences on employee 
retirement decisions have now been, and continue to be, incorporated into the structure' of retirement plans as well as 
into the communications and advising of employees in their decisions. 

BEST PRACTICES IN THE DESIGN AND COMMUNICATION OF DCRPS 
Outsource the design, communication, & administration of the DCRP: The first recommendation is based on 
current practice of many successful companies. It is to engage a third party in the design, communication, and 
administration of a company-sponsored DCRP. There are several legal .benefits associated with this arrangement but 
potentially more important are some behavioral investment benefits. Employees trust a third party more than their 
company in the management of their retirement funds. Individuals feel less pressure to remain highly invested in 
company stock. They feel more free to divest themselves of shares.of company stock. Many companies match 
contributions .with shares of company stock, which many employees feel they should hold as a sign of loyalty. 
CitiStreet is one such provider. The following insert is a CitiStreet information tag. 

Abo11t CitiStreet 
CitiSttttt, one of the largest global benefits &livery firms in the United States. is headquartered 
in Quincy. Mass. CitiStreet has 3,000 m1ployees at offices in Som~set. N.J .• Jac.ksonvillc. Fla.. 
Lewiston. Maine. Boston and field offices around the nation. It also has a division. CitiStrttt 
Australia. with offices in SvdneY. Brisb~ and Melboume. CitiStreet sen'es more than. 9 million 
particip~ts and administeis appioximately $215 billion in assets in the United States for ~fined 
c.onttibution. de~d benefit and ~alth and welfare plans of coiporate., go\1'fflllllent, health care, 
Taft-Hanley and not-for-profit organizations. It also serves about 1 million participants and 
administers about $9 billion in assets outside the United Sta~s. CitiStreet is a 50/50 joint venture 
between State Street Corp. (NYSE:STT) and Citigroup (NYSE:C). For more CitiStrttt 
informatio~ visit the Web site at \\"\\"W.citistteetonline.com. 

When their plans are completely operated through a third party, the individuals actually feel more responsibility to 
have an appropriately balanc~d portfolio. Likewise, the third party can offer investment advice that the company is 
prohibited from doing. Furthermore, when a retirement portfolio does happen to perfonn poorly it is not associated 
with the employment situation. CitiStreet is one of the better.companies for this type of outsourcing because it is 
larger, more reliable, and offers a broader product line of services compared with many others. 

Set the default to automatic enrollment with automatic increases in contributions: The second 
recommendation is that the company set up automatic enrollment and automatic increases in employee contribution 
levels. There is a problem of financial self control (Thaler and Shefrin, 1981) which results in many people having 
the intention to save for retirement without actually implementing that saving behavior. Also, 66% of workers who 
are not currently contributing to a retirement plan say that they would be very or somewhat likely to remain in the 
plan if automatically enrolled (EBRI, 2005 Retirement Confidence Survey). The choice to have automatic increases 
in contribution levels associated with raises, for example, serves ~ an effective pre-commitment to saving. Bemartzi 
and Thaler (2004) show evidence of the powerful effects of allowing for employees to elect for automatic increases 
in their contributions on the overall retirement savings the employees realize. 

Provide a matching contribution: A best practice is for the employer to match some portion of the employee's 
contribution. The match gives a ''psychological boost" for the employee to initiate the saving behavior. Matching, 
even in small portions, substantially increases participation in defined contribution retirement plans. 
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Simplify the options in the retirement plan: First, too many options makes employees feel intimidated and will 
lead some to avoid decisions. Also, some use a naive ·diversification strategy - diversifying equally across the 
·possible alternatives. This means that the actual make up of the alternative set can detennine the amount of risk the 
individual's portfolio will exhibit. A plan with relatively more conservative alternatives will yield a more 
conservative investment portfolio. · Better to simplify the options·by limitit)g them and by providing only one (or 
maybe two) in each of several risk categories. Finally the automatic enrollment and automatic increases in 
employee contribution is a "simplification." · 

Require calculation of estimated needs: Provide employees with an easy way for them to calculate an estimate of 
their needed funds during retirement and the savings needed to realize those funds. As part of this exercise, it is 
good to encourage the idea of the need for multiple sources of retirement income. At a minimum this exercise 
should point to the inadequacy of the social security for most people's retirement income needs/wants. Thinking 
about the retirement payoff rather than the need to contribute this week from a paycheck and improve retirement 
savings behavior (Bailey, 2005). 

Provide for automatic re-allocation with age changes: Provide an option for participants to choose to have their 
portfolio allocations automatically adjusted towards less risk as they age (at pre-determined levels). The inertia that 

. sets in creates a situation where many employees do not often re-allocate their retirement holdings. Yet, as some 
portions of their allocations perform better and grow in percentage of total, re-allocations are often the best choice. 
Similarly, most employees prefer lesser risk exposure as they get closer to their retirement goals. · 

Communicate participation rates: Another best practice is to communicate widely the participation rates within 
your organization. Most of the employees who are not contributing to their retirement plans believe that not many 
others are contributing either. Duflo and Saez (2004); Bailey, Nofsinger, and O'Neil (2003b), and others find strong 
social influences on participation and contribution levels. When our employees are aware of the retirement savings 
behavior of others, it creates the impression of being the appropriate course of action. For a few employees this 
actually is enough additional consideration to result in beginning to participate and/or increasing the contribution 
levels. · 

Effective design and communication of defined contribution employee retirement plans can have significant results. 
Small changes in return rates or differences in age of commencing contributions have significant implications for 
accumulated amounts available in retirement (Noe, Hollenbeck, Gerhart, & Wright, 2007). While there are many 
sources of plan design information available to plan designers, the information should be used by the designers but · 
not passed on to the employees. Many employees are simply being overloaded with financial information that tends 
to reduce their interest and motivation in appropriate savings behavior. 

The best practices and communication are those that yield higher participation rates. Several of the best practices 
identified in this paper are based on what companies are doing that is working well. Several of these best practices 
are based on behavioral finance research (see also, Mitchell & Utkus, 2004). Together they constitute concrete steps 
that can be made towards improved participation in defined contribution retirement plans. 
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ARE ALL WHISTLEBLOWER HOTLINES CREATED EQUAL? 

LuAnn Bean and David D. Hott 
Florida Institute of Technology 

ABSTRACT 
Started as simple systems of dedicated phone lines, whistleblower hotlines have evolved as critical windows into 
cultural insights of organizations and areas for governance improvements. Increasingly, the internal auditor's role in 
strengthening and refining these processes includes: ( 1) assuring that reporting mecha~isms and protocols are 
established to secure sensitive company information and to respond quickly to legitimate complaints, (2) verifying 
that that employees know about the hotline policy and trust the maintenance of their anonymity and confidentiality, 
(3) assessing hotline staff competency and communication efforts, and (4) researching third-party vendors and 
international regulations for maintaining and implementing hotlines. 

INTRODUCTION 
Long considered a best practice for supporting a strong code ofethics, whistleblower hotlines (sometimes called 
ethics hotlines) are an important part of compliance.with Sarbanes-Oxley legislation. Specifically, these 
confidential channels effectively address Sections 30 I,· which covers "Procedures for Handling Complaints," 406, 
which outlines the ''Code of Ethics for Senior Officers," and 806, which explains "Protection for Employees of . 
Publicly Traded Companies Who Provide Evidence of Fraud." · 

• Section 301 of the Sarbanes Oxley Act (SOA) focuses on two important features of procedures created to 
handle complaints about accounting, accounting controls and/or auditing issues. The responsibility for the 
process rests with the audit committee and features must include (1) clearly delineated procedures for 
receiving, retaining and taking action about the complaints and (2) maintaining the anonymity of 
employees submitting complaints. 

• Section 406 of the SOA requires disclosure about whether a code of ethics has been adopted for senior 
financial officers. In the absence of such a code, companies must disclose reasons why they fail to comply 
with the mandate. 

• Section 806 of the SOA establishes protection for fired or otherwise adverse actions against employees that 
"lawfully" provide information about reasonable issues broached as violations of federal criminal fraud 
statutes or SEC regulations. Additionally, under Section 1107, harmful actions taken against 
_"whistleblowers" can be prosecuted through crirn~al penalties, which include fines plus jail terms up to I 0 
years. 

Although compliance deadlines for these mandates have passed 1, there is still significant work on the part of 
companies to "fine-tune" their processes so that questions are not raised about failures to establish good faith ethical 
accountability and significant deficiencies about internal controls over financial reporting. While the SEC did not 
establish detailed rules outlining specific compliance with the SOA sections, it still has the power to direct national 
securities associations to prohibit the listing of company securities that do not comply2. Therefore, the burden of 
proof falls to individual companies to design a comprehensive plan that not only fulfills SOA requirements but also 
supports unique organizational core values and mitigates risk. 

Despite this lack of a "one-size-fits-all" SEC regulation, internal auditors can be instrumental in recommending key 
elements for strengthening and refining these processes. Recent audit committee guidance on fraud prevention 
issued by the American Institute of Certified Public Accountants·(AICPA, 2006) continues to broaden the use of 
hotlines among both public and non-public entities. The balance of this paper presents issues for leveraging not only 

1 Most public companies must be in compliance by the earlier of (1) their first annual meeting after January 15, 2004 
or (2) October 31, 2004. Foreign private issuers and small business issuers must be in compliance by July 31, 2005. 

2 The SEC issued final rules in this regard on April 9, 2003 
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compliance with these ~andates but also utilizing internal audit expertise to add value to the outcomes of these 
processes--outcomes which strengthen ethical corporate climates and confidential reporting mechanisms. 

GENERAL FACTORS TO INCLUDE IN WHISTLEBLOWER PROCEDURES 

Companies need to adopt certain minimum procedures with respect to ethics hotlines, regardless of unique company 
circumstances. These procedures should address the anonymous submission of complaints, the proportionate scope 
of procedures as compared to the content and detail of complaints, the retention of complaints, the independence of 
complaint.processors, the process of evaluating, investigating and resolving complaints, and the audit committee's 
role in the review/investigation of complaints. 

GETTING STARTED - BASIC DESIGN PLAN PHASES 
Although the issue of establishing an ethics hotline may seem like a simple matter, the planning process for an 
effective system may be complex. By its very nature, there are significant security measures that must be 
considered to protect the confidentiality of the complaints as well as the quality of the information obtained. 

Assessment of Company Operations and Review and Revision of the Corporate Code of Ethics 
Internal auditing department perspectives can be critical in assessment prior to setting up or improving confidential 
reporting systems. Along with internal auditors, other company officials in varied areas such as Risk Management 
and Loss Prevention, Human Resources, Information Technology, Corporate Security and Workplace Safety, and 
Operations, can assist in advancing and/or contributing revisions of the Company's code of ethics, based on a 
collective understanding of corporate culture, structure, operations, and risks. 

Team reviewed practices related to the Company's Ethics Code provides "buy-in" to the revised Code. In other 
words, the collectivity of the group agreement in combination with best practices research strengthens the outcome 
and effectiveness of a functioning code of ethics. This also is a first step in maximizing the eventual protocols of the 
development, reporting, complaint cataloging and required follow-up investigation of the ethics hotline. 

Administration of the Ethics Hotline 
What features of ethics hotlines are most compatible with individual companies? The following are several that 
should be considered. 

• Understanding the linguistic group of users is an important part of developing a hotline system. It is 
important to know the geographic coverage of the hotline and whether translators will be needed for users · 
of the system. 

• By nature, the least opportune time for informants to call a hotline is during work hours or when a caller is 
nervous or threatened. According to the AI CPA (2006), "at least 40% of calls come at nigl:lt or on 
weekends." · Therefore, it is important to have devoted 24/7 lines with trained interviewers available to 
increase the chances that events will be reported and significant facts will not be omitted. 

• A void using internal corporate numbers or personnel that may recognize callers. The trust of confidentiality 
and protection against retaliation is the key element that makes the system work. The SEC did not specify 
the person(s) wh~ should receive and act on complaints, but left this determination up to the audit 
committee. Typically, however, one or more of the following parties should be responsible for receiving 
and acting on complaints: 

o the audit committee or the chairman of the audit committee, 
o the company's general counsel, risk management department or human resources department, 

an~ . 

o an outside consultant or advisor. 
• Under SOA, public companies must have a case management system. This system notifies the audit 

committee of such incidents as allegations of insider trading, improper loans to executives, retaliation 
against whistleblowers, conflicts of interest, accounting irregularities, etc. The case management system 
confirms that a database review of original reports can take place by the hotline administrator, complaints 
can be tracked and addressed, and reports of incide~ts about senior executives are not intercepted or 
concealed before the audit committee is informed. As such, protocol for case numbers, response times, 
escalation procedures, funding, independence of the hotline manager, the make up of the response team, 
and avenues for-disclosure (such as fax, e~mail, toll-free phone lines, ombudsmen, etc.) all become critical 
elements. · 
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Training and Rollout of the Hotline 
The internal auditor should ?r?mote training which stresses the key component that makes the system work -
CONFIDENTIALITY. Traimng should not be limited to just training employees at the time that the hotline is 
implemente~, but must become part of ~ai'ning of new employees and periodical updating for all employees. Also, 
documentation needs to be kept confinmng that employees have received the hotline information and understand it. 
To this end and t~ ad~ance 1!1e quality of_infonnation' that employees can provide, a brief understanding of what 
SOA is, what ethical _1ssues it a~dresse~ (1.e., accounting irregularities, insider trading, improper loans to executives, 
related party transact10ns, conflicts of interest, etc.), and SOA's established protection against retaliation for 
informers should be included in the briefing. 

In addition, internal auditors should make audit committees aware of the effectiveness that a comprehensive 
program can provide, by promoting the ethics hotline system to suppliers and customers of the company. This 
training for suppliers should focus on appropriate procedures and information with respect to the vendor approval 
process, purchase contracts, and purchase orders. At the customer lev_el, company websites can promote the hotline 
process as well as detail appropriate information provisions of sales contracts, invoices, and statements. 

Widespread promotion of the hotline should be considered. Along with the help of the internal auditor, the audit 
committee needs to address where hotline contact information should be posted. Some of the most obvious 
locations include the company's public web site, intranet or wiki, newsletters, invoices, purchase orders, pay stubs, 
checks, and fixed assets, such as company vehicles, heavy machinery, warehouses, cafeterias, employee lounges, 
and administrative office buildings. 

Performance Follow-up 
Included in this phase is the evaluation of the communications received. In particular, what steps are being taken to 
appropriately investigate a11egations and is there a follow-up procedure with the reporting employee to· let them 
know what action has been taken? 

A key part of this follow-up is detelll}ining who might be involved in the alleged complaint. Likewise, it is also 
important to detennine what the protocol is for broadening the circle of inquiry beyond general counsel or other 
point people (i.e., in the case of sexual harassment, the typical point person is the head of human resources). 

In this phase, the watch word is DISCRETION. Sticking to a well designed whistleblower policy with clear 
protocols is crucial in cases where high-ranking executives are implicated. Here the internal auditor can help 
recognize essential controls for the policies that address the anonymity of the caller plus provide that complaints of 
any kind involving senior management be directly submitted to the audit committee without filters by management 
or other company personnel. Another issue is that not all cc,11ls from hotlines yield incidents related to ethical 
breaches and can, in fact, generate baseless claims. 1n these instances, resolution should be timely not only to 
preserve the integrity of the process for culpable complaints, but protect the reputation of innocent employees. 

Finally, regular meetings of a hotline oversight board and perfonnance monitoring are important in assuring 
compliance and remediative steps with the Code of Ethics and ongoing Ethics Line mandates. Reports by 
whistleblower managers should include statistics and information about issues like the number of complaints 
received, reporting mechanisms (i.e., toll-free lines, fax~s, Internet, etc.), investigation status, and results. Covert 
testing of hotline procedures are also important to confirm that processes work the way they were designed. 

OTHER ISSUES 

Is Outsourcing the Hotline a Good Idea? 
Callers may be far more likely to use a hotline that is run by a th~d-party than one that is in-house. There are. many 
vendors on the market offering these services and if a company wants to go this route, due diligence requires 
extensive research and gathering testimonials from other users about the vendor's confidentiality, security, and 
management. Performing a cost-benefit analysis of using these providers is not only about dollars but the fact that 
most employees will question whether an in-house hotline is truly anonymous. 

Actually, other issues of SOA (Section 404) come into play if companies decide to outsource this area. Under 404, 
companies outsourcing a function that could affect their financial reporting (such as an ethics hotline) are 
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responsible for the efficacy of vendor controls. Internal auditors can help companies by recommending whether the 
arrangement is material enough to require SAS 70's3

-as prerequisites from outsourcing vendors. 

New Issues for International Corporations 
Conflicts exist between the SOA-mandated whistleblower hotlines and European Union (EU) data protection laws. 
As a result, devt:loping a whistleblower process acceptab_le to both is a complex issue for U.S. companies with EU 
subsidiaries. · 
In simple terms, the conflict centers on the potential for baseless anonymous reports to be submitted to hotlines, 
which could damage reputations of employees. Other EU concerns are that some hotline implementations do not 
allow important opportunities for employees to challenge such reports and these implementations can violate 
international data transfer restrictions by sending information about EU-resident employees to the U.S. corporate 
parent. . 
In a legal impasse with the U.S. Security and Exchange Commission in July 2005, the French data protection agency 
(CNIL) ruled against permitting McDonalds Corporation and Exide Technologies to operate hotlines in France. The 
German Labor Court also prevented Wal-Mart from hotline implementation because they failed to get pre-approval 
under German laws, which gives the German Works Council a right of co-determination in "matters relating to the 
rules of operation of the establishment and conduct of employees" (Faegre and Benson, 2005). 
In Novem~er 2005, the CNIL changed their position and issued new guidelines that are anticipated to be adopted 
across Europe. The CNIL guidelines allow companies to establish whistleblower hotlines if: (1) the hotline scope is 
limited; (2) only specific types of corporate malfeasance information is collected; (3) restrictions exist-on the 
handling of collected information; and (4) there is due process to individuals anonymously accused (Mathiason and 
Weindling, 2006). 

CONCLUSION 
In conclusion, the internal auditor can assist in adding value to revision and improvement of the ethics hotline 
procedures by (1) assuring that reporting mechanisms and protocols are established to secure sensitive company 
information and to respond quickly to legitimate complaints, (2) verifying that that employees know about the 
hotline policy and trust the maintenance of their anonymity and confidentiality, (3) assessing hotline staff 
competency and communication efforts, and ( 4) researching third-party vendors and international regulations for 
maintaining and implementing hotlines. 
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WEB ACCESSIBILITY OF ELECTRONIC GOVERNMENT RESOURCES FOR SMALL BUSINESSES 

Shirley Ann Becker and Donn Miller-Kermani 
' Florida Institute of Technology 

INTRODUCTION 
The U.S. Department of Commerce's Bureau of Census reported that I in 5 Americans have some kind of 
disability (Paciel/o, 2000; as cited in Ellison, 2004). 

The impetus for access~ble electronic and information technology was driven by federal initiatives with the objective 
of"bridging the digitai divide" (National Telecommunications and Information Administration, 2000). As an 
outgrowth of this initiative, the concept of building an "information society for all" was promoted in the form of 
universal usability of all electronic and information technology. The long-term goal was to ensure that no one was 
left behind in terms of inaccessible electronic and information technology (Schneiderman, 2000). This includes 
small businesses in terms of accessible electronic resources that ,would assist in long-term sustainability and growth 
opportunities. 

The Internet and supporting technological advances opened doors for individuals, inclusive of small business owners 
and employees, to access electronic information that in the past were not readily available. In terms of the federal e
govemment, much progress has been made in becoming a functional representation of the government via online 
resources (Jaeger, 2003). 

Currently, there are vast amounts of resources available allowing the federal government to connect directly to its 
small businesses and citizens providing services and sustainable economic development (Toregas, 2001). These 
resources provide a wide range of information about business planning, financial sustainability, human resource 
management, marketing, and Government contracting and subcontracting opportunities, among others. To date, 
Government resources for small businesses have been successful at bridging the digital divide particularly for those 
in remote and rural areas. In spite of this, more work is needed to ensure universal access by all small business 
owners and employees including those with disabilities. Those with disabilities may still find it difficult, it not 
impossible, to use basic technology that nondisabled_ individuals can use freely. 

This· disparity of access to electronic data and information was addressed by Congress with the implementation of 
Section 508. It recognized that the federal government is the largest technology consumer in the U.S.; and as such, 
can influence the design and manufacture of accessible technologies and supporting products. Congress amended 
the 1973. Rehabilitation Act1 with Section 508 in 1998 to r~quire federal agencies to make electronic and 
information technology accessible to individuals with disabilities. Section 508 was enacted to eliminate barriers in 
electronic and information technology, make available new opportunities for people with disabilities, and encourage 
the development of technologies that will help achieve these goals (www.section508.gov): Under Section 508, 
agencies must give disabled individuals access to information that is comparable to the access available to others 
without disabilities. · 

This paper provides an overview of Web accessibility ~nd Section 508. It describes the types of accessibility 
barriers that may be encountered by an individual with disabilities. A case study is presented identifying potential 
accessibility barriers found on federal e-govemment sites providing resources to small businesses. The paper 
concludes with future research opportunities. 

SECTION 508 STANDARDS 
Section 508 requires all federal agencies to comply with access~bility standards administered by the Architectural 
and Transportation Barriers Compliance Board. These standards ensure that electronic and information technology 
is accessible to disabled persons to the extent it does not pose an undue burden on an agency. The Board put 
together the Electronic and Information Technology Access Advisory Committee (EIT AAC, 1999) to develop the 
standards associated with Section 508. The EIT ACC was comprised of industry, government, academic, and 

1 Rehabilitation Act of 1973, as amended by§ 508, 29 U.S.C. § 794(d) (1998). 
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disability advocacy organizations. The Section 508 standards (36 CFR ~art § 1194) provide a definition of 
technology types covered. They also specify the provisions for establishing a minimum level of accessibility. 
Section 1194.2 outlines the scope and coverage of the standards and it)cludes the following: 

• Software applications and operating systems (1194.21). The criteria primarily address the needs of vision 
disabled users such that they are accessible in tenns of navigation, animated displays, color and contrast 
settings, and flash technology, among others. · 

• Web-b<JSed information or applications (1194.22). The criteria address Web designs such that they are 
.accessible to all users through assistive technologies. · 

• Telecommunication products (1194.23). The criteria primarily address access for deaf or hearing impaired 
individuals. Technology must be compatible with assistive-technologies. 

• Video or multimedia products (1194.24). The criteria focus on products that use multiple media. Alternate 
presentations that are user selectable are provided. 

• Self-contained, closed products (1194.25). The criteria primarily focus on products (e.g., fax machines) with 
embedded software components. Assistive technology must be part of the product to support assistive 
technology devices. 

• Personal computers and portable computers (1194.26). The criteria focus on keyboards and other mechanically 
operated controls touch screens, ports, and connectors, among others. 

EIT ACC also developed specific technology standards for providing detailed infonnation on how to achieve 
accessibility. 1n·particular, standards were developed for Web-based infonnation and applications, personal digital 
assistants (PDAs), telecommunications, multimedia, keyboards, cabling, software, and infonnation transaction 
machines, as these were deemed as critical to accessibility. The EIT ACC defined disabilities to include: vision 
(blindness, low vision, and color deficiency), hearing, physical (tremor, lack of sensation, and limited strength), 
speech, cognitive or learning (reading, memory, and sequencing), and others (epilepsy). The committee made 
recommendations for implementation of Section 508, formalized a definition of electronic and information 
technology for interpreting -the statute, and developed recommendations for procurement processes. 

WEB ACCESSIBILITY GUIDELINES 
The World Wide Web Consortium's Web Accessibility Initiative (WAI) produced the Web Content Accessibility 
Guidelines (WCAG) for addressing Web accessibility barriers (Chisolm, et al., 2001). These guidelines are based 
on the Section 508 technology standard; and in particular, standard 1194.22. The guidelines explain how to make 
Web content accessible to persons with disabilities http://www.w3.org/TR/WCAG I 0/). Each of the Web 
accessibility guidelines that compose the 1194.22 standard of Section 508 is described incorporating information 
from the W Al Web Content Accessibility Guidelines. 

• 1194.22 (a) A text equivalent for every non-text element shall be provided. Pictures, graphs, and other elements 
on a Web page not in electronically readable form are supplemented with a text description to be read by screen 
reader software and Braille displays. 

• 1194.22 (b) Equivalent alternatives for any multimedia presentation shall be synchronized with the 
presentation. Captioning provided for audio infonnation as well as audio descriptions of visual information are 
examples of equivalent alternatives that must be synchronized for accessible Web content. 

• 1194.22 (c) Web pages shall be designed so that all information conveyed with color is also available without 
color. Color alone cannot be used to convey information as it may render the Web site inaccessible to a user 
with color deficient vision. · 

• 1194.22 (d) Documents shall be organized so they are readable without requiring an associated style sheet. A 
style sheet is a file that contains instructions on how infonnation is to be presented to the user. It is important to 
design style sheets such that specialized software can provide access to information by a disabled user. 

• 1194.22 (e) Redundant text links shall be provided for each active region of a server-side image map. A server
side image map sends coordinates of the image map to a computer server that then identifies the URL (link) 
being selected. For those who cannot accurately click on a specific region, it would be important to provide 
redundant links on the map. · 

• 1194.22 (f) Client-side image maps shall be provided instead of server-side image maps except where the 
regions cannot be defined with an available geometric shape. A client-side image map associates a link with a 
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particular ima~e map r~gion. It would ?e. important to use client-side instead of server-side image maps 
whenever possible for tmprm£ed accessibility. 

• 1194.~2 (g) Row and column headers shall be identified for data ~ables. l l 94.22(h) Markup shall be used to 
associate data cells and header cells for data tables that have two or more logical levels of row or column 
headers. Descriptive identifiers for each row and column header allow a screen reader device to read table data 
in a meaningful format. · 

• 1194.22 (i) Frames shall be titled with text that facilitates frame identification and navigation. For those sites 
using frames, it is important to label each frame with descriptive information for accessible navigation. 

• 1194.22 G) Pages shall be designed to avoid causing the screen to flicker with a frequency greater than 2 Hz 
and lower than 55 Hz. Objects that flicker on a Web page may be a problem for users with photosensitive 
epilepsy, as there ~s the potential for triggering a seizure when flickering in the 4 to 59 flashes per second 
(Hertz) range. 

• 1194.22 (k) A text-only page, with equivalent information or functionality, shall be provided to make a Web site 
comply with the provisions of this part, when compliance cannot be accomplished in any other way. The content 
of the text-only page sha11 be updated whenever the primary page changes. For those Web pages that cannot be . 
designed to be compliant with the standards put forth by Section 508, a text-only page can be provided. 

• 1194.22 (I) When pages utilize scripting languages to display content, or to create interface elements, the 
information provided by the script shall be identified with functional text that can be read by assistive 
technology. Some Web sites use scripting language to customize a page with the display of dynamic content. It 
is important that text is associated with these elements to ensure a visually impaired user is provided meaningful 
information. 

• 192422 (m) When a web page requires that an applet, plug-in or other application be present on the client 
"system to interpret page content, the page must provide a link to a plug-in or applet that complies with 
§1194.21(a) through(/). For example, PDF files require the downloading of Adobe Acrobat Reader software. 
As such, a download link would be provided adjacent to the PDF file. 

• 119422 (n) When electronic forms are designed to be completed on-line, the form shall allow people using 
assistive technology to access the information, field elements, and functionality required for completion and 
submission of the form, including all directions and cues. A Web form requires a label (e.g., "Last Name") 
adjacent to each element in order for the screen reader to present meaningful information to the user. 

• 1194.22 (o) A method shall be provided that permits users to skip repetitive navigation links. Most Web sites 
have repetitive links on the top, side navigation bars, and bottom of a page. This design method allows 
repetitive links to be ignored by a screen reader device. 

• ·1194.22 (p) When a timed response is required, the user shall be alerted and given sufficient time to indicate 
more time is required Web pages may time out when a response isn't received within a specified t~e period 
rending the site inaccessible. An alert feature would warn a user of the impending time out. 

The WAI guidelines are decomposed into priority level checkpoints in terms of noncompliance with Section 508 
standards (Priority Level 1 ), disabling potential barriers to accessibility (Priority Level 2), and increasing e~e of use 
associated with accessibility (Priority Level 3). Fore-government to be fully compliant with Section 508, it would 
have to meet all Priority Level 1 checkpoints (WAI, 1999). The other checkpoints focus on promoting accessibility 
and usability in the design of Web components. (For more information on checkpoints, refer to the Web 
Accessibility Initiative site at: http://www.w3.org/WAI/ ). · 

PAST STUDIES ON WEB ACCESSIBILITY 
Past accessibility studies conducted on commercial, government, nonprofit, and education Web sites utilized the 
WAI guidelines to assess compliance with Section 508 standards. Many of these studies showed various levels of 
noncompliance with one or more of the standards. (Refer to Ellison (2004) for a brief summary of past studies and 
noncompliance results and Schmetzke's (2006) Web Accessibility Survey site for a comprehensive overview of 
Web accessibility studies). · 

Several well-cited accessibility studies have been conducted on U.S. federal e-government sites. A 2001 survey of 
the accessibility of national Web sites worldwide was conducted after Section 508 compliance was to be achieved. 
It was found that the U.S. federal government had the highest percentage of accessible Web sit~s, ~ough the 
accessibility rating was only 37% (West 2001; World Markets Research Center, 2001, p. 5; as cited m Jaeger, 2002). 
In a study involving federal Web sites, Stowers (2002) found that only 13.5% met the accessibility standards of 
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Section 508. Ellison (2004) conducted a study of fifty federal homepages in assessing compliance with Section 508. 
It was found that 22% had no Priority Level I errors on their homepages. 

One of the ongoing issues is the assessment of potential barriers in terms of the full range of accessibility concerns 
(Jaeger, 2003). Many Web accessibility studies relied on software tools t~ identify noncompliance with WAI 
guidelines. Watchfrre Bobby™ 5.0 (www.watchfrre.com), is a software tool commonly used in these accessibility 
assessments. One of the accessibility concerns expressed by Jaeger and others is that information content is 
comprehen.sible when read aloud by a screen reader device. 

Bobby and other automated assessment tools, for example, provide warnings regarding.text equivalent messages. 
However, they do not provide feedback on poor design decisions related to cryptic or vague text descriptions. The 
Section 508 requirement that "a text equivalent for every non-text element be provided" can be checked by these 
tools for compliancy. However, the actual text cannot be checked for understandability or comprehension. When 
labels were manually checked on 50 federal Web sites, it was found that 60% had nondescript labels (Becker, 2005). 

ASSESSMENT OF SMALL BUSINESS FEDERAL E-GOVERNMENT RESOURCES 
In this case study, the focus was on federal e-government providing resources to small businesses with owners or 
employees with disabilities. Each Web site was analyzed for Web accessibility compliance with the Section 508 
1194.22 standards. Microsoft's FrontPage accessibility tool was used to conduct the study whereby only 
noncompliance errors were tracked. Given the limitations of using automated software tools in assessing Web sites, 
we supplemented the automated output with a manual check. The overall goal was to identify a broad ·range of 
accessibility issues that might impede the use of the site by disabled small business owners or workers. 

Ten sampled federal Web sites were assessed in terms of homepage accessibility given barriers would impede the 
use of the whole site by those with disabilities. Additional pages that would be utilized by a small business were 
traversed to assess potential usability barriers. The results show that 60% of the federal sites were fully compliant 
with Section 508 standards. There were two types of violations of Section 508 that were found using Microsoft's 
FrontPage Section 508 accessibility assessment toot Three of the sites had links that were not clearly identified 
according to the assessment results. This is considered a Priority Level 2 noncompliance in the navigation 
guidelines put forth by the W3C. A fourth site was missing a text equivalent description of an image on the page. 
These accessibility issues may impede comprehension of information content on federal sites by those using a 
screen reader device. 

From a manual assessment of each homepage, it was found that 60% of the sampled sites provided a site map. From 
a usability perspective, this provides navigational support especially for complex sites. Only two of the federal 
homepages had a "text only" link. Disabled users benefit from these links when utilizing a screen reader to access 
information content ·on the site. The Text Size feature in Microsoft's Internet Explorer was used to· assess whether 
text can be enlarged for those who are vision-disabled. It was found that only 30% of the sites utilized this feature in 
allowing for browser modifications to text sizes. 

Though 90% of the sampled We~ pages had text equivalent descriptions for graphics and images appearing on its 
pages, compliant with Section 508, .there were many with vague or nondescript content. This is particularly an issue 
for images that represent navigational links. The U.S. Small Business Administration Web _site, for example, had a 
text description associated with the commonly used disability icon (blue background with a white outline of a person 
in a wheelchair) appearing at the bottom of the Web page. The text description reads, "Americans with 
Disabilities". However, it doesn't include content notifying the user that this ·is a link to the Americans with 
Disabilities Act Web page. Figure I shows a mislabeled/misspelled label ("Recovery Assitance") on the 
"Celebrating Small Business Week 2006" Image. The disabled user would be unaware that the link traversed to 
other than recovery resources. In addition, there are several text equivalent messages associated with the other 
images in the same area (e.g., SBA, Recovery Assistance for Hurricane Victims). They all read "Recovery 
Assitance" with no other information provided. 
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Figure 1: Small Business Administration Web site With Mislabeled Image 

Other nondescript links, such as "more", "learn more", and "click here", may pose as barriers given there is little 
information provided as to the navigational destination of these Jinks. In Figure 2, the "click here", "previous 
record", and "next record" links on the Women-21 .gov Web site are relatively nondescript. Though not shown, 
internal error code appeared on a Web page after the "next record" link was clicked. On the same figure, the 
"February" link and adjacent "April <" and "> 2005" Jinks appear after the "March 2006 Events" label. When read 
aloud by a screen reader, it may be difficult to understand that these three links navigate to past monthly events in 
both 2006 and 2005 and future events in 2006. 

In an interesting twist to meaningful link descriptions, the U.S. Department of Labor Web site provides lµiks with 
acronym labels (e.g., BLS, ESA, ETA, and OSHA) that are not fully explained. However, the text equivalent 
messages are full descriptions of the acronyms. As such, a screen reader device would read aloud a meaningful 
description though visually th,e acronym may not be understood. 

Users for whom English proficiency is low or nonexistent, accessing small business resources may be difficult when 
Spanish versions are not fully translated. Sixty percent of the sites had links on the homepages to Spanish versions 
of the Web site. The U.S. Department of the Treasury, for example, has both English and Spanish content as shown 
in Figure 3. Though not shown here, the U.S. Small Business Administration (www.sba.gov/espanolD has an · 
embedded map of the U.S. providing links to state resources for small businesses. However, on the Spanish version 
of the site, the state labels are in English. Also noted is that the Spanish version violated Section 508 by missing 
text equivalent labels on graphics. Both the U.S. National Aeronautics and Space Administration (NASA) and the 
U.S. Internal Revenue Service provide a Spanish Vers_ion, though the objects on the top and side navigation bars are · 
in English. 

Two of the federal Web sites fully translated information content into Span_ish. The U.S. Environmental Protection 
Agency (EPA) and the U.S. Federal Emergency Management Agency (FEMA) translated all objects on the pages. 
The text equivalent content for images and graphics, Jinks, navigation bars, and other Web elements were presented 
to the user in Spanish. 
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Figure 2: Nondescriptive Links on the Women-21.gov Web site 

A manual inspection of U.S. Department of Treasury Web page in Figure 3 shows that Section 508 (l 124.22(m)) is 
not fully supported. The standards state that when an application (e.g., Adobe Acrobat reader) is needed on the 
client side to display content, then the page must provide a link to the application. In this example, a PDF icon 
appears next to downloadable file (lnformaci6n Financiera) but it does not navigate to the resources needed to read 
the file. 

In summary, the sampled federal Web sites had accessibility issues for disabled users some of which could only be 
determined through a manual assessment. It was found that many of the text equivalent labels associated with .· 
graphics, images, and icons did not fully represent the visual presentation. For those visual aids that are 
navigational links to other resources on the Web site, it would be important to provide meaningful descriptions when 
read aloud by a screen reader device. Over half of the federal sites provided Spanish versions, though not all of 
them were fully translated. Only one-third of those offering Spanish versions provided fully translated Web content 
including link descriptions, image and graphic captions, button labels, and text equivalent labels, among others. 

CONCLUSION 
There are several reasons why it is important for federal Government Web sites to be made accessible to small 
businesses. The most apparent reason is that it is the law as mandated by Section 508 of the Rehabilitation Act. 
Sm_all businesses can gain a competitive edge when using online resources many of which are supplied by the U.S. 
government. In addition, one could argue that from an ethical perspective Web accessibility is a universal right of 
all U.S. citizens regardless of disabilities. 

Our study found that though the sampled federal Web sites complied with most of the Section 508 standards, there 
are still improvements that can be made. One important c_onsideration is the text equivalent messages that provide 
navigational support and meaningful content pdmarily to those with vision disabilities. Most of the Web sites had 
vague or nondescript labels that provided little insight into the images they represented. These need to be improved 
upon in support of universal access of these federal sites . 
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Figure 3: Spanish Version Not Fully Translated & No Link to File Display Software · 

There is still work to be done in fully translating Spanish versions of Web sites for those with low or no English 
proficiency. The number of Latino small business owners and employees continues to increase at a rapid pace. It 
\\'.Quid be important to provide both abled and disabled Latinos equal access to federal resources in compliance with 
Section 508. When navigational components are not fully translated, for example, it becomes difficult if not 
impossible to locate much need resources. It should be noted that many small business resources are not readily 
available on the homepage; but, they require following a navigational path made possible through the homepage 
portal. . 

Web accessibility cannot be achieved through the sole use of assistive technologies or th~ strict implementation of 
Section 508 guidelines (Brewer, 2004). A,ssistive technology, such as Microsoft's FrontPage® accessibility tool, 
can only guide the developer through an accessibility assessment. Meaningful text descriptions, good use of color, 
effective navigation schemas, and other Web design components ·impacting accessibility require development 
expertise to supplement the use of automated support. Strict adherence to guidelines might not necessarily result in 
a fully accessible Web site. The "click here" message associated with a graphic presentation of a link is an example 
of strict compliance with Section 508 guidelines. Yet, this nondescript text message provides little information as to 
the navigational schema of the site. 

As a final note, many sites compliant with Section 508 standards not only meet the on line needs of disabled users, 
but are often more user-friendly for the general public. In this regard, Web accessibility and good Web de~ign go 
hand in hand. Poorly written hypertext markup language (HTML) often produces Web sites with potential or actual 
accessibility barriers. This becomes evident when assistive technologies, such as screen readers, are used as a 
means of accessing the site by a disabled user. Those with vision disabilities are most impacted by poorly designed 
sites that lack textual descriptions or have cryptic textual descriptions to supplement graphics. They are also 
impacted by poorly designed tables for which the contents cannot be comprehended when read by a screen reader. 
Poorly designed Web sites fail to provide captioning for audio components. As a result, hearing disabled users may 
find the site virtually inaccessible. 
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ABSTRACT 
lnteg~r p~ogramming is _a common te~hnique for assigning employees to different shifts, but due to its large size in 
practical labour scheduhng problems, it may not be solved optima11y within a reasonable time. In order to reduce the 
problem size and subsequently the computational time, one approach is to reduce the-number of variables that define 
shifts in the labour sc~eduling problem. This paper presents eight heuristics to generate a sma11er set of shifts instead 
of exhaustively generating a11 shifts. Using statistical analysis, the proposed algorithms are compared, and the best 
heuristic in terms of efficiency and effectiveness is introduced. 

INTRODUCTION 
Service industries are different from goods production or manufacturing in many aspects. Aggarwal (1982) 
present.ed the following six major differences and special characteristics of services that distinguish them from 
manufacturing. 

I) The output of service systems cannot be inv~ntoried. 
2) The demand fluctuation for services is considerably greater than manufacturing over time. It varies from 

month-to-month, day-to-day and even hour-to-hour. Also, seasonal variations of demand exist. 
3) The demand for services cannot be backlogged. 
4) In most service systems with a large amount of labour, customers or users receive the service directly from 

servers. 
5) In order to meet the peak or near-peak demand, service systems need to be designed with an excessive 

equipment and space capacity. 
6) Emergency services and electric power must be kept supplied around the clock. 

Mabert and Watts (1982) enumerated two other differences between service industries and manufacturing. First, 
manufacturing firms have a few specific work schedules, for example, 7am-3pm, 3pm- l 1 pm and 11 pm-7am. This is 
in contrast with service operations that have numerous shifts, which sometimes happen to be overlapping in order to 
meet the requirements at peak periods, due to the fact that service cannot be inventoried. These shifts vary in the 
start time and the length, for example, 9am-5pm, ·1 0am-6pm, 1 pm-9pm, and 3pm-9pm. Second, in manufacturing 
environments, employees work fu11-time on a five-day basis, but in service systems, in order to handle the demand 
variation, many part-time workers who differ in their times of availability and skills are present. Attributes of 
service-oriented organizations show that human resources are genera11y the most expensive resources for the service 
sector. Therefore, managers of these organizations are seeking efficient labour scheduling. In service industries, 
overstaffing results in excess labour cost, due to payro11 expenditure, while understaffing is a greater concern that 
leads to poor customer service and a potential loss of future sales. It can also result in a lower quality of life for 
employees who work fewer hours than they desire. 

Labour scheduling is the act of balancing customer demand, employee work requests and profitability (Thompson, 
1998). Thompson ( 1995) divided the labour scheduling problem _into four steps: ( 1) forecast customer demand; (2) 
translate the forecasts into requirements for employees; (3) develop the labour schedule; and (4) control the delivery 
of the service in real time. In the literature, most researchers have focused on step (3), or the problem of daily or 
weekly labour scheduling. Step (3), developing a "schedule" or a ''roster", has been defined by Litchfield et al. 
(2003) as ''the assignment of specific employees to specific work patterns". This phase, which is the focus of this 
study, will be discussed in more details as fo11ows. 

Labour scheduling problem has been classified by Baker (1976) into three main categories: (1) shift scheduling, (2) 
days-off scheduling, and (3) tour scheduling. Shift scheduling seeks a minimum number of employees together with 
their assigned shift schedules to satisfy fluctuating demand requirements over a single day (Morris and Showalter, 
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1983). The objective of the days-off scheduling problem is to minimize the work force size necessary to meet all 
predetermined daily staffing requirements for_ a week and allotting a specified number of consecutive idle days to 
each employee (Loucks and Jacobs, 1991). Tour scheduling is the combination of the first two models and involves 
the determination of both work hours of the day and workdays of the week for each employee (Alfares, 2004). 
Therefore, tour sc~eduling is applicable for organizations with a weekly planning horizon. Service industries such as 
fast food restaurants, retail stores, police stations and airlines that operate seven days a week with more than one 
shift a day, utilize this model. 

The employee tour scheduling problem has been modeled as an integer programming problem. According to 
Bechtold et al. (1991 ), in the literature, the following criteria have been suggest~g. as objective functions: I) total 
labour hours scheduled, 2) total number of employees, 3) labour costs, 4) unscheduled labour costs, 5) customer 
service, 6) overstaffing, 7) understaffmg, 8) number of schedules with consecutive days off, 9) number of different 
work schedules utilized, and 10) some combination of the above. Basic workload assignment, government or union 
regulation, cost and budget considerations, as well as employee quality of life, form the constraints for this specific · 
type oflP problem (Quan, 2004). 

According to Alfares' survey (2004), tour scheduling problem has proven difficult to solve optimally due to its large 
size and pure integer nature. Over the last decade, many studies' have focused on modeling and solving this problem. 
Al fares (2004) has classified the solution techniques into ten categories. One of these techniques is decomposition. 
In decomposition technique, the large tour scheduling problem is broken into some sub- problems which are smaller 
and easier. Breaking the tour scheduling problem into "shift scheduling" and "days-off scheduling·" sub-problems is 
one of the · most popular approaches. Melachrinoudis and Olafsson (1992) applied this method to schedule 
supermarket cashiers. They broke down the tour scheduling problem into seven daily shift scheduling problems, 
which were solved separately. The solutions then were combined to create feas.ible days-off schedules. For the fast 
food industry, Love and Hoey (1990) developed an integer linear program and decomposed it into two sub
problems. The first sub-problem determines the shift requirements for employees to satisfy staffing needs and to 
minimize_ overstaffing. The second sub-problem determines the assignment of employees to the shift requirements 
from the first sub-problem. 

A review of the literature shows that decomposition is used through a linear programming or integer programming 
approach that searches for an optimal solution. In this study, decomposition is applied to tour scheduling problems. 
However, unlike other studies, here a heuristic is used. The advantage of heuristics is that they may obtain a near 
optimal solution in a shorter time. Therefore, they may be preferable when computational efficiency is inore 
important than optimality. Here, the labour scheduling problem is broken into two parts. In the majority of past 
studies, both parts are considered at the same time, which leads to large size problems. The objective in these 
problems is to find the appropriate number of workers and assignment of shifts to them. This paper, unlike other 
studies, focuses only on the first part of the labour scheduling problem, which consequently reduces the size of the 
problem. The goal here is to show that, for improving the efficiency in solving the entire problem of labour 
scheduling, a selected subset ,of shifts should be generated rather than the set of all possible shifts. To achieve this 
goal, various algorithms are developed and compared. 

PROBLEM DESCRIPTION 
The objective function for the model studied in this research is to minimize the total labour hours scheduled subject 
to some of the basic constraints of employee scheduling problem such as: 

Enforce the staffing requirement in every interval 
Honour employee availability 
Honour skill requirements 
Do not schedule more than one shift per day 
Do not assign staff more than maximum hours per day 
Do not assign staff less than minimum hours per day 

Since, in most practical cases, the large size of the problem makes integer programming inefficient for obtaining the · 
optimal solution, this research suggests breaking down the problem into two components: the Pre-processor and the 
Main module. The Pre-processor is the model construction part that prepares the necessary input to the Main 
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module, where the model is solved. The Pre-processor also· helps reduce the problem size and consequently 
computational time. The Pre-processor contains two phases. In the first phase, by considering the opening and 
closing· times, minimum and maximum shift length allowed, shift start times and the shift length increment, all the . 
potential shifts are generated. · To clarify this, consider the cashier schedules in a store with the working hours of 9 
AM-5 PM seven days a week. The minimum and maximum shift length allowed for this location is 6 hours and 8 
hours, respectively. The shift start times are on-the holJ! and the shift length increment is hourly. Therefore, all 
possible shifts generated in the first phase for cashiers on Monday would be as follows: 

Shift 1: (Monday, cashier, 9am, 3pm) 
Shift 2: (Monday, cashier, 9am, 4pm) 
Shift 3: (M~nday, cashier, 9am, 5pm) 
Shift 4: (Monday, cashier, 1 Oam, 4pm). 
Shift 5: (Monday, cashier, 10am, 5pm) 
Shift 6: (Monday, cashier, 11 am, 5pm) . 

In the second phase, all choices for "who can do what job and, when" are made. In other words, each employee is 
assigned to one of the possible shifts generated in ·the first phase. Also, in this step, a few staffing rules are taken into 
consideration to eliminate some of the potential employee-shift combinations. These rules are: 

- Honour employee availability. 
- Honour skill requirements. 

Do not assign staff more than maximum hours per day. 
- Do not assign staff less than minimum hours per day. 

To explain what exactly happens at this stage, recall the example from the previous phase. If in the above store, 
Employee 1 is not available before 1 Oam, then combinations "Employee 1, S~ift l ", "Employee 1, Shift 2)" and 
"Employee 1, Shift 3" cannot be created. Also, if Employee 2 does not have the right skill to work as a cashier, 
he/she cannot be paired up with any of the above shifts. As another scenario, if maximum hours that employee 3 can 
work every day is 7 hours, then the combination "Employee 3, Shift 3" will not be generated. Generally speaking, 
the resulting output of the Pre-processor is the set of potential valid employee-shift combinations that are passed to 
the Main module. The optimal assignment of employees to shifts will be the output of the Main module. 

To illustrate how utilizing one of the proposed algorithms can have an impact on the problem size, a numerical 
example from a retail store is presented here. The problem involves 150 employees with 10 different skills such as 
cashiering, stocking, customer service, etc. Every employee has the knowledge of all 10 skills. This store runs seven 
days a · week from 9 AM to 9 PM. Minimum (and maximum) shift length for this location is 4 (and 8) hours, and 
shift start time and shift incr~ment are 60 minutes. If there is no availability restriction (i.e., everybody is available 
any time, any day), then the number of all possible shifts for one day and for one skill only is equal to 35 shifts. Start 
and end times of these shifts are shown in Table 1. As it is shown, the last possible shift starts at 5 PM because the 
minimum length is 4 hours. There are a total of 35 entries in this table that shows the number of possible shifts per 
day per skill. In the above table for the sake of discussion, we assumed a 60- minute interval for shift start times and 
shift length increment. However in practice, it is not unusual to have a 15-minute interval for both shift start time 
and shift length increment. In that case, the table will have 425 entries, and considering all 10 skills in a full week, 
there will be a total of 425x7x 10 = 29,750 shifts available. Using a zero-one variable that determines the employee
shift combination will result in 4,462,500 decision variables. This is obviously a large size problem that requires 
significant computational time. However, an examin~tion of the problem will show that many of these shifts may be 
redundant due to overlaps between them. Therefore, if a heuristic method reduces the number of shifts for each skill 
in each day from 425 to, say, 23 shifts, then the number of variables will reduce to 241,500, which can significantly 
improve the computational efficiency. · 
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Table 1: A II Poss1 e 1 s or ne "bl Sh"ft ft O D ayan ne 1 d O Sk"ll 

Shift Starting Shift Length 
No. Time 4 hrs 5 hrs 6;hrs 7 hrs 8 hrs 

1 9:00AM 9:00-13:00 9:00-14:00 9:00-15:00 9:00-16:00 9:00- 17:00 
2 · ~0:00AM 1():00-14:00 10:00- 15:00 10:00 - 16:00 10:00 - 17:00 10:00-18:00 
3 11:00 AM 11 :00- 15:00 11 :00- 16:00 11 :00 - 17:00 11 :00 - 18:00 11 :00 - 19:00 
4 12:00 PM 12:00 - 16:00 12:90 ..-- 17:00 12:00 - 18:00 12:00- 19:00 12:00-20:00 
5 1:00 PM 13:00- 17:00 13:00-18:00 13:00- 19:00 13 :00 - 20:00 13:00-21 :00 
6 2:00PM 14:00 - 18:00 14:00-19:00 14:00-20:00 14:00- 21 :00 NIA 
r 3:00 PM 15:00 - 19:00 15 ;00 - 20:00 15:00-21 :00 " .. NIA NIA 
8 4:00PM 16:00 - 20:00 16:00-21:00 NIA NIA NIA 
9 5:00PM 17:00-21 :00 NIA NIA NIA NIA 

This research focuses on the Pre-processor component whose objective is to develop efficient shift generation 
heuristics that reduce the number of shifts without compromising the optimality of the Main module solution. In the 
next section, different shift generation techniques will be discussed and their performance will be compared. 

SHIFf GENERATION METHODS 
Demand Patterns: 
Before we discuss different heuristics for this study, it is important to review different demand patterns as they are 
related to tJ;ie proposed heuristics. The demand in the context of labour scheduling refers to the iabour requirements 
for different skills over the planning horizon. For instance, consider the staff scheduling in a restaurant. As there are 
more customers around lunch and dinner time, the manager has to schedule more staff for those hours. Therefore the 
intraday labour requirement for this restaurant will have two humps between opening and closing times. In this 
study, we consider a number of basic patterns. Although some if these patterns, in their stand-alone form, may not 
be easily found in practice, they may exist in combination with other patterns. These patterns are Flat, Increasing, 
Decreasing, One-Hump, Two-Hump, and Mixed patterns. Table 2 shows different staff requirements for a given 
skill in a particular day and Figure 1 shows the intraday patterns. 

T bl 2 S ffR a e : ta equrrement U d n er D1 erent p atterns 
Number of Reauired Emolovees in Each Interval 

No. Interval Flat Increasine Decreasim! 1-Humo · 2-Humo Mixed 
1 9AM-IOAM 3 2 7 2 2 4 
2 lOAM-11 AM 3 2 7 2 3 4 
3 11 AM-12PM 3 4 7 4 4 3 
4 12PM- l PM 3 4 6 4 4 5 
5 1 PM-2 PM 3 7 6 6 3 · 5 
6 2 PM-3 PM 3 7 5 6 3 3 
7 3 PM-4 PM 3 7 4 6 2 3 
8 4PM-5PM 3 8 3 7 2 2 
9 5 PM-6 PM 3 8 3 7 4 2 

IO 6PM-:-7PM 3 8 3 5 4 3 
11 7PM-'8.PM 3 8 2 . 5 3 3 
12 8 PM-9 PM 3 IO 2 4 3 4 
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Figure I. Graphical Presentation of Different Patterns 

Shift Generation Algorithms 
In this section, we discuss nine methods (Ml through M9). The first method simply generates all possible shifts, 
similar to those shown in Table I. This method is a basis for evaluating other eight methods in terms of number of 
variables (efficiency) and objective function value (effectiveness). These methods are briefly explained below along 
with an example. It should be noted that, in all examples, the same store mentioned above is used. The hours of 
operation for this store (called Store A) are 9 AM to 9 PM while _shifts vary between four and eight hours; Changes 
in start time and shift length for this store can only happen • every sixty minutes. Also, for the sake of analysis, 
generated shifts are for one skill and one day only. 

The methods discussed here may have among them some common features known as rules. Before discussing the 
methods, these rules are introduced as follows: · 

Rule 0: This rule is linked to the labour demand during the day. According to this rule, whenever there is an 
increase in labour requirement, all shifts starting in the interval that the increase happens will be generated. 
As an example, if the staffing requirements for Store A changes as indicated in the 2-Hump pattern of 
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Table 2, shifts that are starting at 10 AM, 11 AM and 5 PM will be generated. That is row numbers 2, 3 
and 9 from Table 1 (a total of 11 shifts). . 

Rule 1: This rule is not connected to the labour demand. According to this rule, all shifts whose starting time 
coincides the opening time of the store will be generated. This includes all shifts listed in the first row of 
Table 1 (~ total of 5 shifts). 

Rule 2: Similar to Rule I, this rule is not linked to the labour requirement. Rule 2 generates all shifts whose finish 
time coincides the store closing time. According to this rule, the last shift in every column of Table I will 
be ·added ( a total of 5 shifts). · 

Rule 3: This rule becomes effective when the staffing requirement does not increase over a period of longer than 
minimum shift length. As an example, Store A with the requirements spe~jfied under 2-Hump in Table 9 is 
recalled. After an increase in interval 3 ·at 11 :00 AM, the next increase is 6 intervals away at 5:00 PM. This 
gap is longer than the minimum shift length of 2 hours; therefore, new shifts will be added. These new 
shifts include a sequence of equal-length consecutive shifts where the start time of the first shift in the 
sequence coincides with the beginning of the gap and the tail of the last shift in the sequence reaches or · 
exceeds the end of the gap. In the case of2-Hump example, these shifts are (11:00-15:00, 15:00-19:00), 
(11:00-16:00, 16:00-21:00), (I 1:00-17:00), (11:00-18:00), and (11:00-19:00). 

Rule 4: Regardless of the labour requirements, this rule generates all shifts that start at the opening time plus their 
consecutive equal-length shifts till the closing time. Therefore, Rule 4 generates (9:00-13:00, 13:00-17:00, 
17:00-21 :00), (9:00-14:00, 14:00-19:00), (9:00-15:00, 15:00-21 :00), (9:00-16:00), and (9:00-17:00). 

Rule 5: This rule generates the shortest and the longest possible shifts starting at each interval regardless of labour 
requirements. Following this rule, the first shift and the last shift of every row in Table rwill be generated 
( a total of I 7 shifts). 

Rule 6: This rule resembles Rule O but in the opposite direction. According to this rule, whenever there is a decline 
in the labour requirements, all shifts that end at the declining interval will be generated. Accordingly, for 
the 2-Hump pattern of Table 2, decline happens at 1 PM, 3 PM and 7 PM. Therefore, this rule generates 
(9:00-13:00), (9:00-15:00, 10:00-15:00, 11:00-15:00), and (11:00-19:00, 12:00-19:00, 13:00-19:00, 14:00-
19:00, 15 :00-19:00). 

Rule 7: This rule is similar to Rule 6 except that it generates fewer shifts. Instead of exhaustively generating all 
shifts ending at declining intervals, only the shortest and the longest of these shifts will be considered. 
Therefore, this rule generates (9:00-13:00), (9:00-15:00, 11:00-15:00), and (11:00-19:00, 15:00-19:00). 

Rule 8: This rule is a shorter version of Rule 2. According to this rule, the shortest and the longest shifts whose 
finish time coincides the store closing time will be generated. Therefore, this rule generates shifts (17:00-
21 :00) and (13:00-21 :00). . 

Rule 9: This rule generates only two shifts: the shortest and the longest shifts that start at opening time. That is 
(9:00-13:00) and (9:00-17:00). 

Rule 10: According to this rule, whenever there is an increase in the requirement, the shortest and the longest 
possible shifts that start at that increasing interval will be generated. For the 2-Hump pattern of Table 2, an 
increase occurs at IO AM, 11 AM and 5 PM. Therefore, the following shifts will be generated: (I 0:00-
14:00, 10:00-18:00), (11 :00-15:00, 11 :00-19:00), and (17:00-21 :00). As you can see, this rule is similar to 
Rule 0, but it generates fewer shifts. 

The proposed heuristics are based on one or more of the above rules. As you can see, some of the shifts generated by 
these rules are repeated by some other rules. If a method uses two or more rules that share some of the shifts, the 
union of those shifts will be taken into considerations. The proposed methods are introduced below. -
Method 1 (Ml): In this method, all possible shifts as shown in Table I will be generated. This method does not 

use any of the above rules. Therefore, it guarantees that optimal cpmbinations of employee-shift 
are possible for the Main module. However, as the size of the problem is not reduced at all (35 
shifts), it has the lowest efficiency among all methods. This method is only considered for 
evaluation purpose. 

Method 2 (M2): This method employs rules 0, 1 and 2 · together. This will result in 21 shifts with one repetition. 
Therefore, there are 20 distinct shifts generated by this method. 

Method 3 (M3): This method uses rules 0, 1, 2 and 3. Therefore~ it will generate 28 shifts with seven repetitions 
resulting in 21 distinct shifts. 

Method 4 (M4): This method is based on a combination of rules 0, I, 2 and.4. This combination generates 30 _ 
shifts with eight repetitions. Therefore, it will result in 22 distinct shifts. 

Method 5 (M5): This method employs rules I, 2 and 5 resulting in 20 distinct shifts. 
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Method 6 (M6): 

. Method 7 (M7): 

This method uses rules 0, I, 2 and 6. This method is sensitive to both increasing and decreasing 
patterns. The result of this method is 24 distinct shifts. 

Method 8 (M8): 
In this method, rules 0, I, 2 and 7 are used. This combination will generate 21 distinct shifts . 
This method employs rules 0, I, 7 and 8 resulting in 18 distinct shifts. 

Method 9 (M9): This method is based on rules 2, 6, 9 and I 0. This method is in fact similar to M8 but in the 
opposite direction resulting in 16 distinct shifts which is by far the lowest number of shifts 
among an proposed methods. · 

A close examination of the above rules and methods indicates that each method may be most suitable for some 
specific Jabour patterns. For example, if there is an increasing pattern in the labour requirements, then most likely 
methods that use rules O and 10 will be suitable. The comparison of these methods is' discussed in the next section. 

COMPARISON OF PROPOSED METHODS 
In order to test the performance of the proposed methods, each heuristic is paired up with a common Main module 
that receives the shifts generated by the specific method as input, and then provides a solution for the labour 
scheduling problem. Therefore, the performance of a method can be characterized by (a) the computational effort 
that is characterized by the number of shifts generated by the 'Pre-processor (efficiency), and (b) the value of the 
objective function that Main module obtains (effectiveness). One. may claim . that efficiency measure can be easily 
found as we already know how many shifts are generated by each method, and thus we can choose a method that 
produces the least number of shifts. However, the problem is that some of rules are problem dependant an~ the 
number of shifts they generate could change from one problem to another. More importantly, having fewer shifts 
will increase the chance of losing the optimal solution in the Main module. That is why we need to study the 
eff~ctiveness of the method as wen as the efficiency. To conduct such.comparisons, an experimental design is used 
that includes the following factors and levels. 

Table 3. Parameters for the Design of Experiment 
Levels 

· Factors 2 3 4 5 6 7 8 9 
A: Minimum Shift Length (hrs) 3 4 
B: Maximum Shift Length (hrs) 8 IO 
C: Shift Length Increment (hrs) ¼ ½ I 
D: Shift Start Time Increment (hrs) ¼ ' ½ I 

. E: Method Ml M2 M3 M4 M5 M6 M7 M9 MIO 

Response Variables: I. Number of shifts generated by Pre-processor 
2. Objective function value obtained by Main module 

The purpose of this experime,nta) design is to analyze not only the effect of each method, but also the effect of each 
factor on the response variable. Considering the above levels, a full factorial experiment results in 4860 
combinations. For each combination, a number of test p:r~oblems with different labour requirement patterns were 
generated. For the first response variable' (efficiency), an analysis of variance (ANOVA) was conducted for each 
pattern to determine if there is a meaningful difference among methods as well as among different levels of other 
factors. Since Ml is used as a benchmark that has the best potential for an optimal solution and the worst efficiency, 
it was not included in the ANOV A, but it was used for comparison of other methods. As a sample, Table 4 shows 
the details of ANOV A for increasing pattern. 

Table 4. Analysis of Variance for Increasing Pattern, Response: Number of Shifts 

Source of Variation 
A: -Minimum Shift Length 
B: Maximum Shift Length 
C: Shift Length Increment 
D: Shift Start Time Increment 
E: Method 

Sum of - Degrees of Mean 
Squares Freed.om Square 

18140.83 l 181_40.83 
14775.84 I 14775.84 

2.56E+o5 2 l.28E+o5 
18460.40 2 9230.20 
97405.67 7 13915.10 
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FValue 
203.68 
165.90 

1439.54 
103.63 
156.24 

p Value 
< 0.0001 
< 0.0001 
< 0.0001 
< 0.0001 
< 0.0001 
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In all six patterns stud~ed here and without any exception, all five factors resulted in a · very small p-value that 
indicate the significance of their effects on the response variables. In other words, a small p-value indicates that the 
mean values of different levels under each factor are significantly different, but it does not signify the direction of 
differences. In order to find out which factor ( or method) results in a better response, we conducted a pairwise 
comparison using Fisher's least significant difference (LSD) test. 0~ extensive LSD analysis showed that among 
nine methods, M8 and M9 outperform other methods in terms of the number of shifts (efficiency). Further 
examination of the results indicates that M9 is the best when we have increasing patterns in the labour requirements, 
and M8 is superior method when the pattern is decreasing. These observations conforms with our initial conjecture 
as M8 uses decreasing rules and M9 employs increasing rules.· 

The other response variable is effectiveness, which is characterized by the value of the objective function in the 
solution obtained by Main module. It was noticed that in many cases, different methods and factors resulted in 
identical objective value. This may be considered as an indication that the solution obtained is optimal. This was 
further supported by the solution of the other combinations that were not identical as they were all worse than the 

· identical solution. Because of this pattern in the objective values, dominance analysis was used to evaluate the 
effectiveness of the proposed methods. At this stage, the solution of MI was used as a benchmark and all other 
methods that resulted in a solution as good as that of MI were considered effective. The dominance analysis showed 
that for all combinations of Min Length, Max Length, Shift Increment, and Shift Start Time, M6, M7, M8 and M9 
were effective. Therefore, · it can be concluded that MS and M9 are among the best methods with respect to 
efficiency and effectiveness. · 

CONCLUSION 
This paper presents nine heuristics for improving shift generation in the labour scheduling problem. The paper also 
classifies the trend of staffing requirements into five popular patterns as increasing, decreasing, I -hump, 2-hump, 
and mixed. This classification helps to have a sound judgement about the proposed methods. Each method has been 
defined according to some rules whose characteristics along with an example were discussed. 

To evaluate the perfonnance of proposed methods, an experimental design was developed; factors and their levels as 
well as response variables were determined, arid for every pattern, a multifactor ANOV A with replications was 
conducted. A Fisher's LSD test was also performed to identify the best methods in terms of efficiency. The result of 
pairwise comparisons between methods revealed Method 8 and Method 9 as the best. A dominance analysis also 
supported this conclusion by showing their superior performance in terms of effectiveness. 
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RISK TAKING ATTITUDES OF LARGE AND SMALL HIGH-TECH FIRMS 

Michael Bommer and Sanjay Mittal 
Clarkson University 

ABSTRACT 
It is widely believed that smaller firms exhibit greater risk taking behavior than larger firms in the context of new 
product development. A survey of R&D engineers working on new product development projects in large and small 
high-tech firms in USA and Canada was conducted. The study concludes that R&D professionals in larger firms are 
in fact as willing and perhaps more willing to embrace risk as compared their counterparts in smaller firms. The 
reasons for this could relate to differences in organizational cultures and/or perspectives on portfolio strategy. 

INTRODUCTION 
Innovation is essential to the growth and sustainability of organizations. Competition dictates that organizations 
continue to innovate and bring new and improved products and services to the market. Successful innovation, 
however, requires a certain degree of risk which has the potential for an upside as well as a downside. Taking risks 
on the development and commercialization of a new product could tesult in a financial winner as well as a 
significant loser. There exists an image that new product developers embrace and exhibit risk taking. This image is 
especially true for small and medium enterprises (SMEs). 

In this paper we will discuss innovation as it relates to new product development. Its linkage to risk taking will then 
be explored. Comparison of climates of small and large organizations will then be made. A study comparing the 
risk taking attitude of R&D engineers in both small (SME) and large high-tech firms will then be presented. 
Conclusions are then drawn as to why risk taking seems more prevalent in large rather than small firins. 

INNOVATION AND RISK TAKING 
Innovation involves the creation of a new product, service or process. New products can be viewed in terms of their 
degree of new technology, ranging-from a totally new or discontinuous innovation, to a product involving simple 
line extensions or minor adaptations or adjustments that are of an incremental nature ( de Brentami (2001 )). 
Innovativeness is also described as the product's newness relative to the market, i.e. products perceived as totally 
different and require major changes in thinking and ·behavior on the part of customers, or that involve dramatic leaps 
in terms of customer familiarity and use. (Booz et al, (1982) and Giffin (1993)). 

Research indicates that the discontinuous innovations involve higher levels of risk as compared to the incremental 
produc~, but at the same time can give a firm a significant profit along with a major competitive advantage. Radical 
innovation however, is accompanied by a high risk of failure, both technological and in the market. On the other 
hand, incremental product innovation provides less spectacular returns but involve lower levels of uncertainty. 
Incremental innovations allow a firm to sustain the advantage gained by discontinuous product innovations in the 
marketplace, over the longer-run, by continuous improvements, market segment adjustments and line additions ( de 
Brentami (2001)). 

Totally novel products tend to have a much weaker fit with the firms' established resources, require greater learning, 
more sophisticated resource teams, longer cycle times ·and create a more significant risk for the firm. Whereas, 
incremental new products usually have a strong fit with existing corporate capabilities and resources, and is likely to 
have a synergistic, and very positive performance impact with less risk. 

Greve (2003) found that managers of high performing organizations have a tendency to avoid risk, even though this 
might seem contradictory to the organization's success. Managers with high aspirations take higher risks, but when 
their performance or the results /outcomes of decisions taken by them do not match their aspiration levels, they tend 
to achieve even higher risk levels. Greater risk taking, given performance below aspiration level has been found in 
studies oforganizational change and risk taking (Bolton (1993) Bromiley (1991) Greve (1998) Grinyer and 
McKiemam (1990) Miller & Leilblein, (1996), Wiseman, McNamara, & Devers, (2001)). Consequently, 
performance below aspiration level not only makes decision makers search for solutions, but also makes them more 
likely to accept risky solutions, such as innovations. 
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Not all studies show a direct relationship between the risk taking and the organizational perfonnance (McNamara & 
Bromiley(l997)). Although search and risk theorists have argued that organizations respond to low performance by 
making-changes, others have suggested that organizations are inert because of constraints of internal politics and 
external commitments (Hannan & Freeman( 1977) ). 

R&D expenditures in them selves are risky because of non-productive and uncertain returns. However, R&D 
reduces a finn's uncertainty and gives the firm options to launch innovations based upon calculated expected returns 
and risk (Grenadier & Weiss, (1997)). This argument has been empirically supported by work showing that 
managers .with incentives to reduce risks pursue R&D (Wiseman et al, (2001)). 

Alessandri (2002) researched both the nature of investment-related risks and uncertainties and the capital investment 
decision process. The findings of his study support the general hypothesis that risk and uncertainty are two distinct 
concepts that produce differential impacts on decision processes. Under perception of greater uncertainty, firms tend . 
to employ decision processes that relied upon intuition and experience rather than analysis. Furthermore, perceptions 

· of greater uncertainty were associated with the pursuit of alternatives that sought acceptable rather than optimal 
solutions. In contrast, under perceptions of greater risk the opposite relationship exists - firms tended to employ 
more extensive analysis to find the optimal investment decision. 

SMALL AND LARGE FIRM COMPARISONS 
There has been much discussion as to whether small or large firms are more innovative. In genera,, small firms are 
viewed as faster learners, more flexible and more willing to take risks (Stewart, et. al. ( 1999). This allows them to 
react more quickly to market opportunities and to vary output to meet market conditions. They are also seen as less 
bureaucratic, more entrepreneurial and exhibit more informal and effective communication. On the other hand, large 
firms are known for their superior resources, especially financial and technological, allowing them to pursue a 
number and variety of R&D projects. They are also cited for their ability to exploit economies of scale in 
developing technology, in manufacturing and in marketing. Because of their size, large companies can often set 
technological standards., dominate a market and l~verage suppliers. 

THESTUDY 
Hypothesis 
There seems to exist a general consensus that small firms are more risk proactive than their larger counterparts. Thus 
the question at hand explores whether there is a difference in risk action or aversion among different sized firm~. To 
measure this attribute, we rely on perceptions of professional R&D workers as they respond to survey questions. In 
this manner, we propose to test the following hypothesis: 
HO: That risk taking attitudes are not related to firm size 
H 1 : There is a difference in risk taking between smaller and larger sized firms. 

Participants 
The participants in the study were 108 R&D engineers working in large firms (mean number years of service = 5.4) 
and 121 R&D engineers (mean numberofyears of service= 8.5) working in small firms. All of the firms were in 
technology-oriented industries. The firms chosen for this study produce products in the Standard Industry Code 
(SIC) categories of35F (office, computing, accounting machines), 36 (electrical measurement and distribution 
equipment), and 38A (engineering, measuring and controlling, and optical equipment). 

The 108 professionals in the large finn sample worked in a total of 49 different U.S: firms. The small firm sample 
included 61 R&D engineers employed in 31 Canadian firms in the Ottawa, Ontario area, and 60 individuals 
employed in 11 U.S. firms in the metropolitan New York area. The size of the small firms ranged from 50 to 500 
employees, which is a more conservative distinction from large firms than Pavitt et al (1987), who used 1,000 
employees as a delineator between small and large size. No significant differences were found between the small 
firm Canadian and US samples (Bommer & Jalajas, 2002), thus the two samples were combined in an effort to 
increase sample size and analytical degrees of freedom. 

For the large firm sample, surveys were mailed to a sample of alumni from a technological university working in 
technology-based firms. The response rate for this mailing, after one follow up, was 40%. For the smatl firm data 
set, representatives of the firms (meeting the above description) were contacted via phone to solicit their cooperation 
in allowing a visit to the firm. For those firms who responded positively, a gr~duate ~tudent visited the firm and 
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distributed the surveys. Typically, the graduate student met individually or with a small group ofR&D professionals 
while they completed the survey: In some cases, surveys were left wit~ respondents at the firm and were retrieved 

· within a week. The response rakfor this group was about 80%. We note however, that about fifty percent of the 
small finns contacted in both Canada ru,id the U.S. refused to cooperate in the study, citing that they were "just too 
busy." 

Survey 
The "KEYS: Asse.ssing the Climate for Creativity" instrument, published by the Center for Creative Leadership, was 
used to collect participant responses. The purpose of the questionnaire is to assess how well an organization fosters 
creativity and innovation by quantifying work environment factors. The instrument consists of 78 questions 
completed by R&D employees. Answers were provided using four-point, Likert-type scale, with anchors ranging 
from "Never'' to "Always". The KEYS instrument has been found to have a high degree of validity and reliability as 
reported by Amabile, et al ( 1996).Eight survey questions relating to an organization's risk taking culture were 
selected from the 78 total questions in the study. A listing of these questions is presented as Appendix A. 

Results 
A statistical analysis was conducted using a Student's "t" test to compare the mean responses for R&D professionals 
in SME's and large finns for the eight risk taking itenis. The results indicate a statistical difference was found for 3 
of the 8 items as shown in Table I. Emphasis on the past was greater for SME's, encouragement to take risks was 
higher for larger finns and criticalness of new ideas was greater in smaller firms. All of the results point to a greater 
propensity of risk taking for large firms. The other five items showed no statistically significant difference. 

Table 1 - Mean Comparisons of Risk Taking Attitudes of Large and Small Firms 

Super-
visor 

Top mgt. Encouraged Critical open 
Emphasis New Ideas Open to is risk Failure is to take ofnew to new 
On Past encoura_ged new ideas adverse acceptable risks .ideas ideas 

LargeAVG 2.056 3.13 3.07 2.16 2.31 2.45 1.82 3 

LargeSTD 0.750 0.75 0.63 0.63 0.66 0.67 0.51 0.75 

SMEAVG 2.40 3.02 3.10 2.11 2.27 2.23 2.01 3.10 

SMESTD 0.76 0.81 0.71 0.70 0.92 0.68 0.75 0.80 

Student's 
''t" -3.51*** 1.01 -0.37 0.65 0.38 2.49** -229** -1.04 

*** p< .01 ** p<.05 

DISCUSSION 
The results of this study are somewhat surprising given the general consensus that smaller firms have a greater 
propensity for risk taking and larger finn are more risk adverse. Obviously other factors are entering the picture. 
One explanation is that smaller firms cannot afford to take risks which might jeopardize their viability and existence. 
Smaller firms have resources to fund and support only a limited number of product development projects often 
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putting "all their eggs in one basket". If one of these few projects should fail, a significant loss is incurred which 
might impact their sustainability. Larger firms have a much greater number of projects in the works. Failure of one 
of these will not significantly effect there susta·inability. An analogy of this is portfolio strategy, whereby an 
organization diversifies its investments to cushion against a loss in a particular sector. 

CON~LUSIONS 
Investment in .R&D and new product development are the.key success factors for firms to grow and improve or 
maintain ROE. Both of these factors involve large investments. and have uncertain success rates. Moreover, the 
failure ·ofproducts in the market affects the firms' goodwill and esteem adversely. Thus, in today's business 
environment, firms succeed by the application of innovative and novel ideas, which gives the firm the cutting edge 
over their competitors. Firms simply don't have the option of choosing to be entirely risk averse. In turn, firm strive 
for risk neutrality, by having a broader portfolio and thereby spreading the risk across it. But, having a broader 
portfolio means even greater investments, requiring large capital investments. This becomes the limitation for the 
. SME firms which are not financially sound and could not p~actically afford to be risk neutral. 
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APPENDIX A - SURVEY QUESTIONS 

l. There is much emphasis in this organization on doing things the way we have always done them. 
2. New ideas are always encouraged in this organization. 
3. People in my work group are open to new ideas. 
4. Top management does not want to take risks in this organization. 
5. Failure is acceptable in this organization, if the effort on the project was good. 
6. People are encouraged to take risks in this organization. , 
7. People are too critical of new ideas in this organization. 
8. My supervisor is open to new ideas. 
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AN EVALUATION OF CUSTOMER ORIENTED CAMPAIGN MANAGEMENT ON 
VALUE-ENHANCING RELATIONSHIPS 

, Banu Karsak and Elgiz Yilmaz 
Galatasaray University 

ABSTRACT 
Customer relationship management (CRM) is a business strategy designed to build value-enhancing relationship 
with the customer. This paper aims to provide a clear delineation of customer orienteq campaign management with a 
detailed description of the evaluation of CRM process with Balanced Scorecard of a multinational chemical and 
healthcare group, following a review of campai~ management in marketing literature . 

. INTRODUCTION 
Public relations is a process that is a series of actions, changes or functions that bring a result. Public relations and 
marketing, both deal with organization's relationships and employ similar communications tools to reach the public. 
Both have the ultimate purpose of assuring an organization's success and economic aims. However, public relations 
is concerned with building relationships and generating goodwill for the organization; marketing is concerned with 
customers and selling products and services. [I] Today, corporations that achieve high customer retention and high 
customer profitability aim for: the right product ( or service), to the right customer, at the right place, at the right 
time, through the right channel, to satisfy the customer's need or desire.[2] Information Technology is changing the 
roles of marketing and managing customers. The creation of knowledge bases provides profitable opportunities for 
business managers to define and analyze their customers' behavior to develop and better manage relationships. 
Relationship Technology will become the new form for the use of information and customer knowledge bases to 
forge more meaningful relationships. 

The customer is the focal point of marketing, sales, contacts, products, services, time, and profitability. There are 
multiple of definitions of a customer. To manage customers through information and technology firstly is necessary 
to define the customers. When we define "customers" we are speaking of multiple types of groups of customers:[2] 
Consumer-The retail customer who buys the final product or service (individual or a family) 
Business to business- The customer who purchases your product and adds it to its product for sal_e to another 
customer or a business using your product within its own organization to increase profitability or services. 
C~~nnel, distributor-franchisee- A person or organization that does not work directly for you and is (usually) not 
on your payroll, which buys your product to sell or utilize it as your representative/location in that area. 
Internal customer- A person or business unit within your enterprise that requires your product or service to succeed 
in their business goals. 

The purpose of this study is to determine the importance of a customer oriented campaign management in public 
relations. To that end, a detailed theoretical framework of public relations and customer relationship management 
will be given in the second section. SectioR3 will present a description of shareholder value campaign management 
as a new approach in public relations . . In section 4, we aim to provide a clear delineation of customer oriented 
campaign management with a detailed description of the evaluatio~ of CRM process with Balanced Scorecard of a 
multinational chemical and healthcare group. 

THE THEORETICAL FRAMEWORK 

The Theoretical Framework of Customer Relationship Management 
"Customer Relationship Management is an enterprise approach to 1,111derstanding and influencing customer behavior 
through meaningful communications in order to improve customer acquisition, customer loyalty and customer 
profitability.[2] CRM is a business strategy to build value enhancing relationship with the customer''. 

CRM is to present different products to different customers. In general, it can be defined as trying to find products 
for your focused customer profile instead of finding customers for your products. The objectives of CRM are 
customer acquisition, long term relations, and designating profitable customers and to focus on them. In order to 
achieve these objectives, first it is important to understand customer attitude, and increase customer loyalty. The 
values of less profitable customers should try to be enhanced rather than drawing these customers away from the 
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target. Cust~mer relationship management begins with collecting da~. All these data are kept in data warehouse to 
provide simple and systematical access when required. All data must be verified and updated and all these works 
must be -performed in a continuous manner, which is important to provide the right CRM strategies.[3] 

Today the new business environment is providing possibility to the new customer based concepts instead of classical 
marketing concepts. Current economic trends and the impact of the technology in the new business life put the end 
to the product based management strategy. 4 P of marketing have been replaced by 4 C.[4] This process starts with 
understanding the market for the customers. For this, managers need a detailed understanding of 4 C which defines 
the valued customers and how to create a competitive advantage. Companies grow and prosper when they efficiently 
meet the needs of customers. As the world moves-into the new millennium four particular changes are reshaping the 
environment ofbusiness: the globalization of markets, changing industrial structures, the information revolution and 
rising consumer expectations. 

The specific contribution of marketing lies in the formulation of strategies to choose the right customers, build' 
· relationship of trust with them and create a differential advantage. 

Choosing the right customers is important because some customers do not offer the potential to create value, either 
because the costs of serving them exceed the benefits they genetate, or because the company does not have the 
appropriate bundle of skills to serve hem effectively. [5]The company wants long-term relationships with its chosen 
customers because loyal customers make possible faster and more profitable growth. · 

Table I: 4 C in Marketing [ 4] 
4P 
Product 

Price 

Place 

Promotion 

The Theoretical Framework of Public Relations 

4C 
Customer needs & wants 

Cost (to the customer) 

Convenience 

Communication 

Public Relations (PR) are any purposeful communications between an organization and its publics that aim to 
generate goodwill.[6] Publics, in this communication strategy, are its stakeholders such as in value-based marketing 
which is presented as a new approach, which also integrates marketing directly into the process of creating value for 
shareholders. PR is proactive and future orientated, and has the goal of building and maintaining a positive 
perception of an organization· in the mind of its publics. This is often referred to as goodwill. 

Today, marketers are· very concerned with their customers. They need to make sure that they are satisfied with every 
aspect of their experience with the organization. They need to make sure that marketers not only recruit more new 
customers, but that they also retain them and extend new products and servic~s to them. Customers also need to 
make sure that marketers and managers are meeting the needs of their target segmen~. 
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Figure 1: The Relationship Between An Organization and Its Publics in Public Relations 
(http:\\www.marketingteacher;com, 20.01.2006) 

A NEW APPROACH IN PR: CUSTOMER ORIENTED CAMPAIGN MANAGEMENT 
By the year 2000, the information revolution was beginning to offer a better alternative-mass customization. Media 
and products could be tailored to the individual customer and made to order, using high technology communications 
and manufacturing _systems.[5] Information technology now allows companies to record all the information they 
obtain from consumers through their personal, written, telephone or Internet communications with the company. 
Creating a database allows companies to learn about the buying behavior and preferences of customers and to 
communicate individually and directly with them. 
Initially the response to meeting customer needs better was "market segmentation". Companies brought out an 
increasing number of products va.-iants to meet the· diverse needs of their customers. Because, to get a product or 
service to the right person or company, a marketer would firstly segment the market, then target a single segment or 
series of segments, and finally position within the segment(s). Segmentation is essentially the identification of 
subsets of buyers within a market who share similar needs and who demonstrate similar buyer behavior.· [?]The 
world is made·up from bi11ions of buyers with their own sets of needs and behavior. Segmentation aims to match 
groups .of purchasers with the same set of needs and buyer behavior. Such a group is known as a 'segment'. 

The more general bases to consider a segment include: 
• by geography - such as where in the world was the product bought 
• by psychographics - such as lifestyle or beliefs 
• by socio-cultural factors - such as class 
• by economics factors - such as salary, other .economical source 
• by demography - such as age, sex, education and so on. 

Media has also become more segmented: mass circulation newspapers and magazines were replaced by a 
proliferating array of specialist. Digital technology also facilitated an explosive growth of the number of radio and 
television channels. · 

SWOT Analysis 
SWOT analysis is a fool for auditing an organization and its environment. It is the first stage of planning and helps · 
marketers to focus on key issues. SWOT stands for strengths, weaknesses, opportunities, and threats. Strengths 
and weaknesses are internal factors. Opportunities and threats are external factors. 
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Strengths and weaknesses are internal factors. For example: 

A stre·ngth could be your specialist marketing ·expertise, a new, innovative product or service, location of your 
business, quality processes and procedures any other aspect of your business that adds value to your product or 
service. 

A weakness could be a lack of marketing expertise·, undifferentiated products or services (i.e. in relation to your 
competito~s), location of your business, poor quality goods or ·services, damaged reputation. 

Opportunities and threats are external factors. For example: _ 

An opportunity could be a developing market such as the Internet, mergers, joint ventures or strategic alliances, 
moving into new market segments that offer improved profits, a new international market, a market vacated by an 

. ineffective competitor. 

A threat could be a new competitor in your home market, price wars with competitors, a competitor has a new, 
innovative product or service, competitors have superior access to channels of distribution, taxation is introduced on 
your product ·or service. 

First, managers need to review the product's performance and potential meaning its marketing perf~rmance in terms 
of growth and market share and its financial performance in terms of economic profits and cash flow. Managers 
should distinguish between where their organization, its reputation, its awareness and its corporate image are today, 
and where they could be in the future with a detailed analysis. 

Next, its communications profile has to be audited, requiring researching customers and others who influence the 
buying process to discover the level of awareness of the brand and its communications efforts. The aim is to uncover 
what strengths can be built on and what weaknesses need to be overcome. 

Third, managers need a detailed understanding of customers and the buying process to know who to aim at and what 
messages and media are going to be most effective. The conclusion should be a clear definition of the most valuable 
customers to aim at and how to communicate effectively to them. 

GAP Analysis 
The process starts-with understanding your organization for your customers. For this understanding GAP Analysis is 
a very useful tool for helping marketing managers to decide upon marketing strategies ai:id tactics. There's a 
straightforward structure to follow. The first step is to decide upon how the organization is going to judge the gap 
over time; for example, by market share, by profit, by sales and so on. This will help to the managers to write 
SMART objectives asking these two questions "where are we now?" and "where do we want to be?" [7]The 
difference between the two is the GAP; this is how your organization is going to get there. 

The next step is to close the gap .. First of all, the managers and marketers will decide whether you view from a 
strategic or an operational/tactical perspective. If you are writing strategy, you will go on to write tactics such as 
market development, market penetration, diversification or product development. · 

The managers may close the gap by using tactical approaches such as the marketing mix. So effectively, you need to 
modify the mix so that you get to where you want to be changing price, or making promotions to move from where 
your organization is today (or in fact any or all of the elements of the marketing mix). 

Shareholder Value Campaign Management 
Value-based marketing is presented as a new approach, which integrates marketing directly into the process of 
creating value for shareholders. Value-based marketing makes the shareholder concept more valuable and marketing 
more effective. [ 5] 

Corporate profitability depends primarily on the company's ab,ility to offer products and services that customers 
choose to pay for. But what products and services customers regard as attracti_ve is a ,function of the market 
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environment. Tec~ological change, new competition and changing wants make yesterday's solutions obsolete and 
create the opportunity for new answers. , 

Shareholder value analysis offers marketing a direct way to show h~w marketing strategies increase the value of the 
finn. It provides th_e framework and language for integrating marketing more effectively with the other functions in 
the bu~mess.[5] It 1s enough for a firm to produce a good product; it also has to communicate its value effectively to 
pote~tial custom~rs. Today th_e num~er of prod~cts_ competing for the customers' attention is great that gaining share 
of mmd. 'IJ)e busmess has to mvest m commun1cat10ns to make people aware of the product to communicate the 
value of its functional and emotional attributes, to persuade them of its advantages over com'petitive products and to 
reassure customers once they have bought it. 

The communications that companies engage are jn many forms. These include advertising, information technology 
mean that communications is increasingly being seen as a two-way, interactive process. It is not just about the 
company broadcasting information about itself and its products, but also about finding ways to encourage customers 
to talk the company about their needs and their degree of satisfaction with the company's current products and 
services. This strategy focuses on [5] 

- . how communications can create long-term value for shareholders, 
the dangers of treating communications as an_ accounting cost rather than an investment 
how communications work to influence the customers' choices 
how to define the objectives of a communications plan 
how to develop a communications strategy including the analysis of the market, choosing messages and 
media, allocating the budget across the different types of communications - advertising, public relations, 
promotions and direct marketing. 

Setting communications objectives 
It is important to set objectives for the communications strategy to align the different activities to common goals; 
they also provide standards to judge the effectiveness of the work. These objectives should be specific, measurable 
and operational. The problem is that it is difficult to set the objectives such as to increase or at least maintain, long
tenn sales and operatirtg margins as communications objectives. In addition, the purchase is often the end result of a 
Jong process of customer decision making. Current communications investments may not fully be reflected in sales 
until well into the future since the buying process consists of three stages. The first is the cognitive stage- customers 
have to be aware of the product and understand its benefits. The next is the affective stage - positive attitudes, liking 
and preferences for it have to be induced. Finally there is the behavioral stage: purchase, repeat purchase or 
intennediate measures such as intention to buy or re-buy.[5] 

Judgme_nt is required to determine which ones are the mo~t important measures and what are reasonable targets. For 
rational high-involvement decisions, cognitive measures are generally the most important. Buyers have to 
understand the special futures and benefits the product offers. The high-involvement communications model 
envisages the communications strategy assisting the buyer going through the learning process that precedes purchase 
where this decision is important or high risk.[2] For image or emotive decisions, affective criteria are more . 
important and the targets have to be appropriate to the market situation. For established brands in low-involvement 
markets, it is unreasonable to set ambitious targets for cognitive aIJd affective measures or for big sales increases 
because the low-involvement communications model's task is not aggressive but defensive. Its first role is not to 
win new customers, but to retain current ones. · 

Developing message content 
The message may be rational or emotional in appeal. Rational appeals make claims about the brand's superior 
attributes or economic value to the customer. Such messages make sense for attribute brands and where decision 
making is highly rational. Emotional appeals seek to present added values over and above functional or eco:Qomic 
differences. Some offer aspiration messages, associating the brand with status and desired lifestyles, others offer 
experiences or shared emotions. These can be based on negative or positive motivations. Negative appeals use fear, 
guilt or shame to influence people's behavior (e.g. stop smoking, avoid drinking and driving). Positive appeals use 
humor, pride or affection to achieve their goals. 
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Message presentation 
Effectiveness depends upon the presentation as well as the content of the message. The sty le of the message can be 
one-way or two-way. Personal selling and potentially the Internet can be effective because they permit interaction 
between sender and recipient. Two-way communication permits the sender to tailor the message to the recipient's 
needs. Even for conventional advertising and direct response commu~ications, getting consumer involvement 
increases the effectiveness of the message. There are multiple communication channels to reflect the right message 
to the tjght customer, at the right place, at the right time, through the right channel, to satisfy the customer's need or 
desire. These are: 

Advertising: The aims of using advertising in a range of media including m~wspapers, TV; radio, 
magazines, billboards and web sites can be long-term brand development or quick sales response. The 
general features of advertising are legitimizing the brand, creating expression, building image and being 
economical. 
Sales promotions: Sales promotion tools include samples, contests, gifts, exhibits, tie-ins. Their general 
features are being impact, being trial (receiving customer attention where other communications vehicles 
do not), and being expensive and creating image erosion with excessive use. 
Public relations: PR can include lobbying politicians, t}le media, publications, pres handouts, speeches, 
charitable donations and sponsorships. Its main features are credibility, imprecising (it is more difficult to 
control the message and target than commercial communications), being low cost and difficult. 
Personal selling: Using the company's own sales representatives is an effective way of building up an 
understanding of the company's offer and creating preference. Its main features are being.two-way 
communications, closure, creating relationship and being expensive. 
Direct marketing: It includes mailings, catalogues, telemarketing, e-mail and electronic shopping. Its main 
features are being personalized, responsive, interactive and targeted. 

The right mix of communications for customers is determined regarding the company's objectives and capabilities, 
the characteristics of the target market, the type <lf product, the marketing strategy and the stage of market evolution. 

THE BALANCED SCORECARD: A CASE STUDY 
Suc_cessful companies are accepting that performance and plans cannot be built around a single measure such as 
return on capital or earnings per share. Instead they need a set of indicators to track performance and the drivers of 
long-term performance. The most systematic and popular approach in recent years to developing such lead 
indicators has been the "balanced scorecard" developed by Kaplan and Norton. [8] 

The Balanced Scorecard is an approach that can be used by strategic marketing managers to control, and keep track 
of, key perform~ce indicators. In fact the scorecard itself is designed to be wholly strategic since it contains long
term outcomes and drivers of success. There are four zones in a balanced scorecard namely financial, customers, 
business processes ( or simply processes}, and learning and growth. Each measure is part of a longer chain of cause 
and effect, and all of the measures eventually lead to outcomes. Thus the scorecard is 'balanced' in that outcomes are 
in balance with each other. 

The benefit of the scorecard is that is overcomes short-term quick fixes, and g·ives the strategic marketing manager a 
straightforward overview of the organization. In fact, a scorecard should ideally fit onto· a single sheet of paper. In 
fact Kaplan and Norton [8], the originators of Balanced Scorecard, describe it as the _dials in an airplane cockpit. 

The balanced scorecard was also motivated by the recognition that companies cannot rely on short-run financial 
indicators to measure long-run performance. What is needed is a set of measures to link short-run achievement to 
long-run value creation. This model aims to identify what determines the business's long-run ability to generate 
cash. Each business will have its own key drivers and hence will have its own measures. However, based on their 
research, Kaplan and Norton suggest most businesses will have four common sets of perspectives such as financial, 
customer, internal and innovation[8] 

This paper aims to provide a clear delineation of customer oriented campaign management with a detailed 
description of the evaluation of CRM process with Balanced Scorecard of a multinational chemical and healthcare 
group, DiamondWet CRM Client for Bayer-Turkey Animal Health Department by ESPADA Software & Trade 
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Agency (pilot start at January 12, 2004 - start at March 1, 2004) concerning these. common sets of perspectives as 
below: -

Figure 2: The Balanced Scorecard 
(Kaplan, Robert S., Norton, David P.; "Using Balanced Scorecard as a Strategic Management System", Harvard 

Business Review, January-February 1996.) 

Financial perspective: Financial measures have vital importance for any business. The financial perspective 
incorporates the financial drivers of shareholder value. It will measure the performance of the return on capital 
employed and the return on investment (ROI), the operating margins, the economic value added, the cash flow and 
the sales growth. Shareholder value is also the natural measure of success, and so it is prioritized. Information on 
customers, markets and technology is far more widely available today. 

economic profitability = net income / total assets ( as the process continues, it is difficult to determine the net result) 

financial profitability = net income / shareholders' equity 

As the CRM project has not been completed yet, it is difficult to determine ''the net result". Thus, the economic and 
financial profitability can be analyzed at the end of the project. _ . 

assets turnover = net sales / total assets 

= 148,437,500 € / 288,500 € = 514.51_ 

financial leverage = total liabilities/ shareholders' equity 

current ratio = current assets/ short-term liabilities 

Customer perspective. Growth and profitability depend crucia11y on the ability of the firm to satisfy its customers. 
Goals and measurements. will usually be required for the market share, the brand image and awareness, the customer 
satisfaction, retention and acquisition and ranking by key accounts. Because some businesses have different types of 
customers whose perspectives require separate measures. 
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customer profitability (2005) = (company's net income - marketing expenses) / number of customers 

= (72,366,300 - 145,300) / 8,828 = 8,180.90 

customer loyalty ~ nr. of products used per customer / (nr. of products used per customer + nr. of potential products 
for this customer) 

~ 3.3 I (3.3 + 4.7) = 0.4125 

customer acquisition = nr. of new customers - nr. of customers lost + nr. of customers in preceding period 
= 846-16 + 8013 = 8843 . 

cross-sell ratio per customer = number of products used per customer / total number of customers 
= 3.3 I 8828 = 0.000374 

customer satisfaction ratio = 1- (number of annual complaints / total number of customers) 
= 1- (94 / 8828) = 0.9894 

CRM expenses ratio = CRM expenses / total expenses 
= 288,500 I 32,438,500 = 0.00889 

Internal business perspective: The ability of companies to generate cash flow also depends upon the efficiency of 
their business processes such as design, manufacturing, selling and distribution, which have the greatest impact on 
customer satisfaction. They may include: the percentage of sales from new products, the manufacturing cost and 
cycle time, the inventory management, the quality indices and technological capabilities. 

after sales service quality= number of handled complaints/ total number of complaints 
= 94 I 94 = 1 

delivery time improvement ratio = delivery duration of preceding years / delivery duration of current year 
= 1175 I 675 = 1.741 

Innovation and learning perspective: Learning and Growth deals with measures of corporate success in relation to 
how it learns as it develops over time. Thus, if the company makes mistakes in any way, then it. must learn from 
them and there must be mechanisms in place to make sure that happens. Growth also includes the way in which it 
generates leaders for the future and equips employees with the necessary skills that will ultimately sustain its 
business. Examples include skills sets, employee relations and satisfaction, and staff competences. Long-run 
competitiveness depends on the firm's core capabilities and its ability to upgrade them over time. Goals and 
measures can be set for competency developments in the product development, the purchasing, manufacturing, the 
technology and the m"arketing ru;id sales. · 

employee's loyalty= number of employees working at least 10 years/ total number of employees 
= 211 / 212 = 0.995 

qualified employee ratio = number of qualified employees / total number of employees 
=212/212=1 

education expenses per employee = corporate education expenses / total number of employees 
= 133,500 I 212 = 629.72 

In this project, the ratio of corporate education expenses is low; ·because this multinational chemical and healthcare 
group prefers e-learning as a new corporate education tool. E-learning, defined ·as instructional, communicative 
content and learning experiences delivered by electronic technologies, including the Internet, intranets, extranets 
breaks limitations of time, space and creates benefits, including reduced costs, regulatory compliance, meeting 
business needs and retraining of employees. · 
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Res~~~es? individuals and teams within a business are then aligned w,ith the scorecard objectives, measures, targets 
and_ 1mt1at1ves for each_ of the four areas of measureme?t. The balanced scorecard emphasizes that in a complex 
busmess there are no smgle measures that can summarize performance in the short-run. The scorecard and lead 
indicator approach encourages managers to think about the strategic value drivers that generate long-term value. 

. . 

Developing the Balanced Scorecard 
Developil1g the scorecard consists of eight steps:[9] 

I) P~eparatio?: The ~ must define the business unit for which the scorecard is appropriate. Normally, this 
wdl be a umt that has its own customers, distribution channels, production facilities and financial 
performance· measures. 

2) Developing mission and strategy: Th~ management team receives briefing materials on the scorecard 
concept and internal documents describing the company's vision, mission and strategy. The scorecard 
facilitator interviews the executives to obtain their perspectives of the firm's objectives and ideas about 
scorecard measures. Often a sample of customers and shareholders are interviewed to understand their 
expectations. 

3) Agreeing the vision and what it means: In a workshop, the top team debates the vision and strategy until 
a consensus is reached. They then identify the strategic objectives that are required for shareholders, 
customers, and internal processes and for the business' ability to improve, innovate and grow. Finally, they 
try to draft a preliminary scorecard containing operational measures for the strategic objectives. 

4) Drafting the balanced scorecard: The facilitator documents the output of the workshop and interviews the 
executives about the tentative scorecard. He also seeks opinions about implementing it. 

5) Refining the scorecard: In a second workshop, involving a larger number of senior managers, the 
organi7.ation's strategic drivers and draft scorecard is debated. Subgroups are formed to review the 
proposed measures, link the various initiatives already underway to the measures and start to develop an 
implementation plan. Finally, managers are asked to develop stretch objectives for each of the measures. 

6) Final approval: The senior executive team meets to come to a final consensus on the strategy and 
scorecard and to agree stretch targets on the chosen measures. The team must also agree on an 
implementation plan including an action program, communicating the scorecard to employees and 
developing the information to support it. 

7) Implementation: A new team is created to impleme~t the scorecard. This includes communicating 1t 
throughout the organization, developing second-level metrics for decentralized units and a new, 
comprehensive information system that links top-level measures down through site-specific operational 
indicators. 

8) Periodic reviews: Each month information on scorecard performance is reviewed. The balanced scorecard 
· metrics are also evaluated annually as part of the .strategic planning and budgetary processes. 

CONCLUSION 
The fundamental element in every business is people. A successful company must treat its customers honestly and in 
a friendly manner. It also must heed the desires and attitudes of people in the communities where it operates. The 
more consumerism is a significant and growing force in the condu_ct of business, the more long-term relationship 
with customers gains its importance. CRM, as a marketing paradigm, pursues long-term relationship with 
profitable customers. It can be a starting point ofrelationship management to understand and measure the true 
value of customers Corporate success depends on an organization's ability to build and maintain loyal and valued 
customer relationships. Therefore, it is essential to build refined strategies for customers based on their value. 

Communication has a fundamental role, as the level of company-to-customer dialogue in CRM strategy 
development by the company. For instance, if a company ente~ins a superficial relationship w_ith its customers, the 
relationship will be limited with product based aspects. On the contrary, if the company entertams a customer 
oriented strategy, it will develop a deep and long-term relationship. 

As for public relations based communication tools in customer oriented campaign management, four main classes 
can be identified: mass communication, communication per market segment, direct marketing an one-to-one 
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communication based on interaction between company and customer. It's important for the company to manage all 
contact points effectively to gather all necessary information and to attain ideal customer knowledge. 
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THE IPOD AS MY POD: AN EXAMINATION OF THE IMPACT OF MASS CUSTOMIZATION AND 
PERSONALIZATJON ON DIFFUSION OF INNOV ATJONS RESEARCH 

' Al Petrosky and Kaylene Williams 
California ~tate University, Stanislaus 

ABSTRACT 
This paper examines the impact of mass customization and personalization on modeling the diffusion of innovative 
products. Implications for the Rogers' product characteristic approach and the Bass two-step model are discussed. 
Broader implications 9f consumer new-product behaviors are discussed, using the iPod as an illustration. 

·INTRODUCTION 
Market dynamism is a 21

st 
century fact of life. Hundreds of new products are introduced every day, new pricing 

schemes are developed to offer consumers intriguing new ways to spend their heard-earned money, new distribution . 
mechanisms make it easier for consumers to get the products they want when they want them, and new promotions 
designs and media tantalize and persuade these consumers that they .can't possibly live without adopting the new 
product. 

This dynam~sm does not end at the point of sale. Consumers use the new products they've purchased, and in using 
them adapt the new products to meet their needs, they communicate their experiences with the product to other 
consumers, and occasionally grow frustrated with the new products and demand new ones. New product diffusion is 
rarely marked by simple take-it-or-leave-it adoption choices, but is more often a complex dance between producer 
and consumer. Acceptance can be a conditional choice following a long negotiation. Acceptance of the product 
drives greater demand, which in tum drives innovation in the production, pricing, and promotion of that item; 
rejection of the new product necessitates a return to the drawing board by the producer, resulting in products newer 
and different in form and attribute. The diffusion of product innovations is a reciprocal process. 

The complexity of this reciprocal process requires the producer to invest in market research, to 1) better understand 
the interface between new product and user, 2) to understand the behavioral impacts of product on consumer and 
consumer on product, 3) to predict the outcomes of the diffusion process, and 4) to better anticipate the changes 
necessary to fuel further rounds of the process, embodied in successive generations of product and marketing mix 
decisions in support of that product. 

In addition, market research should go beyond the practical realities of the day-to-day tactical decisions of the 
marketing organization: some changes in the market are so sweeping as to challenge the existing theories of the 
marketing field. For example, while most undergraduate textbooks in Promotions Management and Media Planning 
continue to argue the virtues of television advertising the same way they were taught a decade ago, practitioners 
scramble to face the challenges ofTiVo and on-demand programming on the attentions of the viewing public (Smith 
2006). Our theories need to be as dynamic as the markets they purport to describe. 

The present paper attempts to describe the impacts of a broad-based change in the market, namely mass 
customization and personalization of product offerings, on the consumer-behavior field known as "diffusion of 
innovations" research. The extent of this research field will be briefly reviewed and defined, as will the terms mass 
customization and personalization. Two important models in the innovations field will then be examined with 
respect to their efficacy in describing the new market environment defined by mass customization. A last section 
will then describe the climate of consumer behavioral change using the example of a currently-popular product, the 
Apple iPod MP3 player, which epitomizes mass customization ~d ·personalization. 

MASS CUSTOMIZATION AND PERSONALIZATION 
First envisioned in Alvin'Toftler 's popular forward-looking paperback sensation of 1970, Future Shock, mass 
customization is a set of principles that bridge the gap between the concerns for operational efficiencies by 
responsible manufacturers and an escalating desire by consumers - especial_ly newly-enfr~nchised echo-~o~mers 
(Zeiger 1999) -- for the expression of individuality through their consumpt!on. Exacerbatmg those conflict~~ 
interests is an oversupply of goods, derived from a mass-production mentahty that has created fierce compet1t10n 
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among producers, resulting in · a climate of price competition that has lowered profitability in many industries. 
Fortuitous, technologically-sophisticated production innovations have provided solutions that allow for efficient 
manufacture of a variety of product, with dramatic augmentations in responsiveness to a public. with diverse needs. 

In brief, mass customization has been defined as "producing goods and services to meet individual consumers' 
needs with near mass production efficiency (Tseng and Jian 2001)." In more elaborate terms, mass customization is 
the creation of semi-customized goods to meet expressed individual tastes by organizing the combination of pre
fabricated elements into a multitude of possible combinations;· .mass customization also has been described as 
exhibiting these particular traits (Piller 2005): 

• "Customer co-design: Customers are int-egrated into value creation by defining, configuring, matching, or 
modifying an individual solution .. .[c]customers co-·design ... establishes an interaction between the 
manufacturer and customer which offers also possibilities for building up a lasting relationship. 

• Meeting the needs of each individual customer: ... mass customization is a differentiation strategy. 
Customers gain .. . utility of a good that better fits ~o their needs ... customization can be carried out with 
regard to fit, style, and functionality ... 

• Stable solution space: A traditional ( craft) customizer re-invents not only its products but also its 
processes for each individual customer. But a mass cus,tomizer uses stable processes to deliver high variety 
goods. 

• · · Adequate price and cost level: Mass customization practice shows that consumers are frequently willing to 
pay a price premium for customization to reflect the increment of utility they gain from a product that 
better fits to their needs (www.mass-customization.de)." 

Common examples of mass customization include "build-to-order'' direct marketer Dell Computer, who 
manufactures a seemingly-infinite number of computers based on combinations of features prespecified by each 
caller; or Land's End, who offer casual clothing built from customer-specified fit profiles. Examples ofmass
customized industries often include automobile makers and high-tech product assembly, such as Dell. Also often on 
the list of pioneers are apparel manufacturers like.Land's End. But mass-customization cannot be defined by the 
product categories it serves, as the concept continues to migrate to new industries, such as commodity-based fields 
like lumber, or service-oriented providers such as the hospitality industry. And while currently impacting many 
industries, mass customization is still seen as a major trend for the immediate future (Enderle 2005). 

An associated concept is that of personalization. Personalization characterizes the outcomes of customer relationship 
management taken to its extreme state; it is an "intense state of communication" or sharing of information between 
the customer and the producer to the point where there is: 

... selecting and filtering of objects for an individual by using information about the individual (the 
customer profile) and then negotiating the selection with the individual ... personalization compares 
strongly to recommendation ... [ and] in most cases personalization techniques are used for 
tailoring information' services to personal user needs (Piller, ibid.)." 

So, while mass customization and personalization are similar, they are distinct concepts. While the consumer is 
actively engaged in design under the principle of mass customization, personalization primarily takes what is 
available and presents it to the given consumer in a way that is most pleasing, attractive, and meaningful to that 
customer (Aaronson 2005). Much of what constitutes personalization comes in the form of retail websites and other 
interactive media that predict the type of product the consumer wants from personal information and the consumer's 
previous pattern of purchases as they relate to the company's other custom.ers and their profiles and consumption 
aptterns; a regular visitor to Amazon.com, for example, will interact with an unseen collaborative filtration program 
and receive recommendations based on what customers of similar demographics have purchased, what customers 
with similar browsing patterns have purchased, as well as the explicit reviews and recommendations of other 
customers. Personalization can also be reflected in the aftermarket adaptations made available to the customer: a 
leather bra for sports car's front end, or a colorful carrying case designed to fit a particular cell phone. And while 
mass customization actively engages the customer earlier in the design process than personalization, a given 
company may readily utilize both of these concepts simultaneously. The catalog·clothier Land's End, as an 
illustration, utilizes personalization techniques on its website, such as virtual modeling software to show the 
consumer what the product would look like on them given their size and ti~ profile, and also recommend stylish 
combinations of standard products from the catalog; the company also provides for mass customization through its 
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recent m~de-to-measure sh~ and trous_ers business (Piller, ibid.). Likewise, Am~n.com could augment its 
person~hze~ rec01n!11.e??ahons ~Y- ~ffenng mas~-c~stomized compilations of short stories or essays. There are 
nearly mfimte poss1b1hties of brmgmg personalization and mass customization to the consumer market. 

THE STUDY OF CONSUMER INNOVATION AND THE DIFFUSION OF NEW PRODUCTS 
Certainly, the conce~ts of_mass customization and personalization haven't escaped the attention of marketing 
researchers. Indeed, It has mformed the study of consumer behavior and marketing structural issues in a broad sense: 
Sheth and Sisodia (200 I) see personalization as an essential element in re-emphasizing customer-centricity and 
rees~blishing marketing _as t_he '~fundamental driver of business success", while Wind and Rangaswamy (200 I) 
predict that mass customization 1s the necessary precursor in the evolution toward "customerization" - a more 
efficient and effective ~ystem that combines the production approach of the former with tailored marketing tactics. 
The two concepts also offer an opportunity for so~e to revisit the basic assumptions regarding the consumer's 
interaction with the market environment: some r~searchers have suggested a new emphasis on the experiential 
aspects of consumption, given the "explosion of subjectivity" that will no doubt accompany the multitude of options 
provided to the consumer by mass customization (Addis and Holbrook 200 I). 

What seems to be lacking in the marketing literature is the consideration of the impact of mass customization and 
persona1ization on the nuts and bolts of the marketing act itself, as wen as their conective impact of the consumers' 
behavior. What does promotion look like in a world of mass-customizers? What is the impact of personalization 
techniques on price? Does a customer who receives personalized information in one market setting expect it across 
all market interactions; does she act in a more-dysfunctional manner in those markets where personalization is 
unavailable? There are innumerable potential impacts of mass customization and personalization on the decisions 
made by marketers and consumers alike; an subfields of marketing and consumer behavior research would benefit 
from the closer scrutiny of their impact. 

One of these fields deals with the manner by which new products.diffuse in society. The study of the diffusion of 
innovations is a vital area of marketing and consumer research, reaching back to the early formal introduction of 
marketing as an academic pursuit. Scholarly contributions in this area appear regularly in top journals, special 
issues in those journals, and even journals dedicated to the topic, such as the Journal of Product Innovation 
Management. No coursework in consumer behavior or marketing models would be complete without some focus 
given the diffusion of innovations, as can be readily ~onfirmed by perusing the indices of conege textbooks in those 
topical arenas. · 

Though comprised of many diverse areas of interest, the diffusion of innovations field can be divided into two 
distinct branches: micro and macro. The micro branch attempts to illuminate the influences on the rate of adoption 
and degree of success of product introductions. Among these would be the attributes of the products themselves, as 
well as a myriad of constructs describing the trait innovativeness of the potential adopter and the social system 
within which she exists, i.e. risk-seeking and/or variety-seeking nature of the individual, financial resources or 
education/literacy or social status and other class-related descriptors of the individual, cosmopoliteness, progressive 
vs. traditional orientation or attitude towardchange, number and strength of social ties and degree of . 
interconnectedness with the social system, involvement in the category of the diffusing product, ability to discern 
the distinctiveness of the diffusing product with respect to extant p~oduct, among others (Rogers 1995). The macro 
branch attempts to model the success of product introduction and the successive stages of introduction using 
composite measures of the above individual constructs: as wen as including factors reflecting the social system, with 
the express goal of predicting future successes and failures: 

The task of a diffusion model is to produce a life-cycle sales curve based on (usually) a small 
number of parameters, which may or may not have behavioral content. The presupposition _is that 
these parameters may be estimated either by analogy to the histories of other similar new products . 
introduced in the past, by consumer pretests, or by early sales returns as the new product enters 
the market (Lilien and Kotler 1983) 

In the fonowing sections, and example from each of these micro and macro tradition~ wi~l be examined for potential 
rethinking given the market changes inherent in the mass customization and personahzat1on movements. 
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MACRO: THE BASS MODEL OF NEW PRODUCT DIFFUSION 
Prior to the introduction of the Bass model of new product diffusion (Bass 1969), diffusion models focused on either 
the innovative effectJonly trait innovativeness of the adopters or factors external to the social system are operative) 
or the i-mitative effect (adoption is driven by the imitation of others in the social system via mechanisms such as 
word-of-mouth) as influencing the diffusion profile. The Bass model was the first to combine each of the effects 
simultaneous.ly, as expressed in the model's formula thus: 

Qt= p(Q-QT) + r(QTIQ)(Q-QT) 

where Q1 

Q 

= number ofadopters at time t 

= ultimate number of adopters 

QT = cumulative number of adopters to date 
r = effect of each adopter on each nonadopter (or, the imitation rate) 
p = individual conversion ration in the absence of adopters' influence (or, 

the innovation rate) 

This model describes an environment where both independent innovators and socially-reliant imitators co-exist, 
such that over time the number of innovators diminishes and the number of imitators increases relative to the 
number of innovators. The resultant curve for a successful product -- which will eventually see the ·rate of imitation r 
outstrip the rate of innovation p - will first rise and then fall, obviating the sinusoidal "product life cycle curve" 
described in the most basic marketing textbooks and replicated ad nauseum across industries. This Bass model is the 
most-referred-to model in the marketing literature, and has shown success in predicting the sales patterns over time 
for a number of product categories, including large consumer durable appliances, retail services, industrial 
technology, agricultural technologies, and cable television (Lilien and Kotler, ibid.). The model has also spawned 
other models, extending the original to explicitly include in the coefficient for innovation the effect of advertising 
(Horsky and Simon 1983), personal selling (Lilien, Rao, and Kalish 1981 ), and price (Bass 1980). 

So what bearing does the realization of mass customization and personalization have on the ability of models such 
as Bass' to adequately represent the diffusion of today's products? · 

1) A mass-customized product is not a single product. It is a unique product for every consumer. 
Even though mass-customized products are modular in nature, and thus composed of an array of prefabricated 
pieces, the possible combinations can often be mind-boggling. The Bass model has had considerable success in 
describing the gradual success of many products, as mentioned previously, but each of these were fairly singular in 
makeup, focused on functionality, and varied little in form or attribute from item to item, from brand to brand. The 
customer buying a home air-conditioning unit focused on its cooling ability and little else, and the fashion or type of 
cooling was largely indiscernible by its consumers, resulting in a market awash in monotonous, me-too product. 
Likewise for farm implements, cable television, and the like: every customer valued the same set of utilities. A 
mass-customized prQ(luct, on the other hand, is sold as a cluster of utilities and aesthetics particular to the given 
customer's needs and wants. Bass describes the diffusion of one product, with minor alterations of size and color: it 
cannot be expected to adequately model hundreds or thousands of products simultaneously. 

2. The consumer wants something pretty. Does that diffuse at the same rate as the-ugly, useful ones? 
.Piller's previously-stated definition of a mass-customized product suggests thatthe customization may be utilitarian 
or functional in nature, but may just as well be aesthetic. Is the realm of innovative and imitative behavior the same 
in the case of primarily-utilitarian products as it is in the· case of products sold largely for their aesthetic component? 
This question has been raised before, with respect to the diffusion of new products: To the degree the given 
product's personalization or customization is aesthetic in nature, the diffusion process may require the presence of a 
third party -- some "intermediate" actor -- to provide information and interpretation of this aesthetic component to 
further stimulate the diffusion from expert, high-involvement aesthetes to increasingly-ignorant sectors of the 
market; highly-aesthetic product categories often employ facilitators who help shape the interpretation of that 
aesthetic to make it palatable to more and more audiences during its life-cycle, such as museum curators for 
paintings and sculpture, critics for musical performances and.recordings, and journalist gatekeepers for mass-market 
aesthetic products like movies (Petrosky 1993, Hoyer and Macinnis 2005). _Does ~is suggest a three-step model, to 
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account for the influence of a third authoritative, expert voice interpreting the more-ephemeral aspects of the 
product? - , 

J. Thousands of products, Millions of consumers. Hundreds of p;oducers. Sounds like chaos. 
One potentially fruitful path for accommodating the many actors and versions of products involved in the diffusion 
of mass-customized product is th·e concept of chaos. But whereas the concept of chaos as discussed in the natural 
sciences involves the evolution of patterns in a non-volitional manner, the process of product diffusion in marketing 
is rife wit~ agenda and volition in the ambitions of the producer and the appetites of the consumer. Marketing should 
therefore look toward the type of application of chaos theory, called "chaotics," found in the humanities. Chaotics 
attempts to describe the evolution, persistence, and popularity of families of product like genres of fiction (i.e. 
mysteries, historical fiction, &c) or schools of music (i.e. minimalism, impressionism, twelve-tone, &c.)(Hayles 
1991) - canonical forms that roughly parallel the clusters of products that would be formed by mass customization. 

MICRO: PRODUCT CHARACTERJSTICS AND THEIR INFLUENCE ON RA TE OF ADOPTION 
One important micro-level area of interest in the diffusion-of-innovations literature addresses the influence of a 
product's inherent qualities and attributes on its rate of adoption among consumers. This area ofresearch was 
founded by rural sociologists of the early 20th century, who were interested in the diffusion of innovative farming 

Figure. Attributes of Innovations and 
and Their Rate of Adoption 

techniques and radically-new farming 
implements. Slowly the study spread to 
other technologies, becoming the focus of 
scores of professional and academic 

. studies. The results of these studies were 
analyzed, combined and refined into a set 
of five categories of characteristics in the 
latter half of the century by·Everett Rogers 
( 1995). The Figure outlines these five 
categories along with their reported valence 
of influence on the rate of adoption. These 
five categories are, in brief: 

1) Relative advantage, or the degree to 
which the new product or service is better 
than the one it supercedes, has an expected 
positive influence on the rate of adoption. 

2) Compatibility, or the consistency of the 
new product or service with existing 
values, past experiences, needs of potential 
adopters, has an .expected positive 
influence on the rate of adoption. 

source: Rogers (1995) 
3) Complexity, or the degree of difficulty a . 

consumer would experience in using or learning ~o use the n~w product, has an expected negative influence on 

the rate of adoption. 

4) Communicability, or the visibility of the product in use, or the ability of the user to describe its use, has an 

expected positive influence on the rate of adoption. 
. . . 

5) Divisibility (a.k.a. Trialability), or the availability to us~ the product on~ limited basis - such as a s~ple 
size or a trial use -- has an expected positive influence on the rate of adoption. 

Where does the markete; encounter potential difficulties in applying these principles? I~ a mass-customiz~d _world, 
Relative Advantage is tailored to the individual customer, and varies in degree along with the number of distmct 
versions of the product: some customizations wi11 undoubtedly work bette~ than others, ~nd some may not w~rk as 
well as the product they are meant to replace. Divisibility becomes more difficult to obtam (at least for non-virtual 
products) for all potential versions of the product: imagine a showroom that needs to accommodate thousands of 
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variations for every product! And communicability must more specifically refer to an act that can be witnessed 
among those few other consumers who share a taste for the same, exact product iteration. 

Additional difficulty in using these principles directly with mass-customized or personalized products lies with the 
context within which they were developed. As was previously mentioned in the discussion of the Bass model, the 
distinctiveness of each product iteration in a mass-cust_omized situation is often aesthetic in nature, and this provides 
some problems with the Rogers categories as well: 

• To the degree that personalization and mass customization entails the aesthetic (as opposed to utilitarian) 
aspect of the innovative product, relative advantage may be judged against a prevailing style, or judged 
within the boundaries of genre, instead of against its raw functionality. Relative advantage in a utilitarian 
product often means the discarding of the old for the new: among products in an aesthetic category, this is 
rarely the case (imagine discarding a Picasso because you purchased a Miro). 

• Compatibility may be judged as negatively impacting rate of adoption, as adopters seek to reject social 
norms through their consumption. Why all the different variations of product, if not to let the consumer 
express her individuality through her purchase? 

• Complexity may be judged as impacting rate of adoption in a nonlinear manner, as adopters extol some 
measure of complexity in their aesthetic as a positive, introducing the idea of a complexity threshold 
(Petrosky 1991). Overly complex iterations of product may be judged negatively, but overly simple (or 
simplistic) ones may be judged negatively, as well. 

So, in summary, mass customization and personalization may not only make a raft of new products available to the 
market; these new approaches to the market may also force marketing researchers to re-think some of the time
honored conventional representations of consumer behavior and the marketing process. 

But, as many critics of the standard marketing pedagogy have asserted in recent years, consumer behavior does not 
end at the moment of the product's purchase. What about the behaviors surrounding the actual use or consumption 
of the mass customized item? As was stated at the outset of this paper, the diffusion of product innovations is a 
reciprocal process: new products beget new consumer behaviors, which in turn beget new perceived needs and 
products to satisfy them. Since each mass-customi_zed product manifests unique behavioral ramifications, the intent 
of the following section is not centered on generalizations, but rather focuses on one mass-customized/personalized 
product and delineates the sort of behavioral implications of its use. · 

BEHAVIORAL MANIFESTATIONS OF THE IPOD 
The iPod is a ready example of a mass-customized, personalized product aimed at the entertainment-hungry 
consumer market. Launched by Apple's Steve Jobs in October 2001, the iPod soon caught the American 
consumer's imagination -- or at least the Apple-savvy: Windows-compatible software trailed by more than a year. 
Though it did not enjoy pione'er advantage (having been beaten to the market by other MP3-style players by a couple 
of years) iPod enjoyed 70 per cent of its category's market 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. Twenty-one million iPods were sold between the 
introduction of the Windows-compatible complementary software in 2003 and the final -quarter of 2005, and 6.4 
million in that quarter alone (Jones 2005, Levy 2004). · 

Technically, the iPod should not be viewed as a stand-alone product, the part yo~ hold in your hand is little else but 
an ergonomic shell of state-of-the-art plastic and metal, housing a small hard drive. Rather, the iPod should be 
acknowledged as the combination of this physical unit and the free organizing software/online retail outlet, iTunes; 
many industry experts 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 digitization in all its forms, to become wholehearted advocates. The 
connections among ergonomic machine, efficient software, reticent industry, and hungry consumers has resulted in a 
billion songs (at 99 cents apiece) to be downloaded via iTunes by Spring 2006. The convergence of the hardware 
and the software and the online store is the k~y to success. 
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How does th~ iP?d/iTunes e~itomize mass cu~tomi.zation and personali.zation? The iTunes software provides the 
mass customization element. the o~er orgamzes purchased music from the iTunes retail store along with music 
converte~ fr?m ~er o~ CD collectJon :or a c_ustom combination of songs (and now videos, as ·of Fall 2005). The 
pe~nal_ization 1~ achieve~ through an Incredible number of aftermarket products. A quick perusal of any of the 
publications dedicate~ t_o_ iPod users and usage (Playlist magazine, or regular special issues of Macworld, to name a 
couple~ reveals ~e mmi-_mdu~try that has arisen around the little white machine: printable "skins" to dress your iPod 
like a httle ~usical Barbie, wired connectors and FM transmitters to piggyback your home and car stereos, speaker 
systems, microphone adapters to turn your iPod into a little recording studio, spare battery packs to make sure you 
never have to take your earbuds out - the list goes on. 

What new behaviors ~se because of the technology of iPod and the variety it promises? Many cultural critics have 
weighed in on the unique and hedonically-heightened experiences that iPod enables, chief among them Dylan Jones, 
who dedicated his book iPod, Therefore I Am (2005) to explaining the transcendence from belonging to the 
community to being at one with the pod. Even among technological products, iPod was different: 

Apple's brief to [their advertising agency] was simple: empower the individual. Unlike every 
other aspect of the computer world, the iPod had little to do with togetherness, had little to do 
with community spirit. The iPod was all abo~t individuality and personal space, and its marketing 
would soon reflect that .. .[the] most successful ads would revolve about "iPodworld" - a place 
that you and only you could visit (p. 67) 

Consider these further behavioral implications: 

The iPod Redefines the Consumer's relationship with the main product category: 
1) Downloading means no package, and no package means no available space to provide an intermediate 
interpretation. The following excerpt comes from an online review of Bill Frisell's 2005 jazz album Further 
East/Further West, provided on a customer review page on iTunes: 

Forced to submit (2 stars): This is my first time purchasing a recording online, 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 e_ach track? 

The average rating of the album was four stars, so why does this customer deviate in his assessment? A closer look 
at the review - particularly the words "(t)he music aside" - reveals that the low rating is for the delivery system, the 
packaging ( or lack thereof) that deviates from the packaging norms of the CDs, LPs and 16 or 78 rpm record 
albums ~at provided the musical experience of three to four generations past. It's the combination of the 
information provided on the sleeve ( or dust jacket or jewel case) and the music that provides the fuller context of 
consumption. This is especially the case in the instance of genre music, such as jazz, that has little or no exposure 
through other media like television. How does the consumer know what he is listening to, .how does he define it, 
how does he incorporate it into his schema,-how does he cross-reference it to other music he owns in order to . 
evaluate it -- to incorporate it into the broader collection of favorites, or deny its entry into the collection? The usual 
cues found in the packaging are missing, leaving the consumer an µnusual path to follow in the evaluation of the 
music's worth. He can seek other virtual sources for information analogous to the proximal, tangible "liner notes", 
or he can experience the music directly sans interpretation and/or explanation. 

2) Downloads emphasize the primacy of the single over the album, or as Jones would put it, "Albums ceased to 
matter (p. 20)." Much the same way the LP drove conceptual albums and the rise of AOR radio formats in the sixties 
and the seventies, 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 research~rs must 
ask themselves: Do singles buyers develop a connection with the artist or the label in t~e same w~y !hat album 
buyers do? Do they establish the same levels of commitment to the genre when they think of music m small parcels? 
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The iPod redefines the consumer's relationship with her own consumption history 
What does the consumer like arid how much does- she like it? 
1) No matter what the iPod's capacity, from the 512MB shuffle to the,60GB version, it'sjinite. And that finite 
quality predicates choices. Sure, the Bob Dylan fan will convert Blonde on Blonde and Blood on the Tracks in their 
entirety, but exactly how much of Planet Waves or Shot of Love does.she really need to carry with her? All of a 
sudden, the consumer is rating her collection, and not just artist by artist, or even album by album, but song by song. 

2) The consumer's act of converting her old collection makes per rekindle relationships with albums and artists that 
haven't made it off the shelf in ten years. And those that 'make the cut' to become part of her iPod repertoire find a 
new window to her current self-definition through consumption. 

3) The definition of collecting may change with the ease of comparison provided by hundreds of hours of music 
made available at the touch of a button. A consumer may have two versions of Brahms' Cello Sonatas, one recently 
purchased, the other dusty from neglect. Will she convert each and compare them like never before, or will she just 
convert her favorite? · 

4) Each downloaded or converted song comes with a number of labels: artist, title, song length, etc. And just like a 
CD can be found under a genre label in a store, the downloaded song comes with a genre label. But, unlike the CD 
bought in a store, that label persists in the consumer's song cache as long as the song does. Does that make the 
consumer rethink her habits? Will she find herself asking,. "I like reggae - so why do I only own twelve reggae 
songs?" · · · 

5) Audiophiles need to reconcile the portability of the iPod with its lesser quality sound reproduction. 
Apple AAC, or standard MP3 recordings at 128 kbps are each much lower quality reproduction than CDs or even 
the failed Sony MiniDisc. Should "Audiophile" be singularly interested in the higher-quality reproduction of 
SACDs or DVD-As, or does audiophile mean something more? 

Do I listen to music in the same way? 
I) When removed from the burden of locating the album or CD from the shelf and playing them one by one, is the 
consumer's listening behavior liberated, or just constrained in a different way? 

2) Is the consumer more experimental when liberated from the constraints of loading and unloading individual 
discs? Will she find herself listening to all the second movements of symphonies, instead of whole symphonies· in 
their 'authentic' order? Can she be as 'random' as her iPod allows her to be? 

CONCLUSION 
As stated in the ·introduction, the market is defined by its dynamism: more regularly and consis.tently than ever 
before, there are new products and new services, delivered through new channels, with new ways of engaging the 
potential customer. But that dynamism goes both ways: consumers are attracted to these new products, consumers 
react to the new products, and adopt some of them. But the consumption of these new products often reshapes the 
act of consumption -i~elf. 

Our understanding of the diffusion of innovations needs to be as equally dynamic as the market itself. Old diffusion 
models need to be reexamined for their appropriateness under current market conditions. Old assumptions about the 
factors that drive adoption need to be scrutinized for their applicability in light of the new way products are designed 
and offered to market. And behaviorists need to track -- product by product, service by service - the implications of 
the innovation on consumption itself. While it may be evident from the above arguments that mass customization 
and personalization necessitate revisiting our traditional ·assumptions about diffusion and the models we use to 
describe it, the more obvious implication is thai.all marketing assumptions and models have a limited lifespan and 
require regular reworking 
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ABSTRACT 
This paper examines-gender role portrayals in Romanian magazine advertising during the period from 2000 to 2005. 
As expected, results revealed both progressive· and traditional gender role portrayals for both women and men 
reflecting a society and economy in a state of transition. Implications are discussed. 

INTRODUCTION 
The portray} of gender roles in advertising is an area of inquiry that has received a significant level of attention in 
the marketing literature over the past several decades. This research is of interest because not only is it an important 
element of marketing strategy, advertising is an artifact that reflects many of the attitudes, values, and behaviors that 
reinforce the consumer lifestyles of a society (Pollay 1986). Studies on gender roles have been conducted largely to 
determine whether the increased economic, political, and social power of women in mariy parts of the world, 
particularly in the industrial and post-indusrial nations, is reflected in advertising images. 

Critics have sugested that advertsing images have not kept pace with the changing roles of women and continue to 
portray them in narrow traditional roles such as sex objects or as housewifes dependent upon their husbands and not 
concerned about important decisions for the household. Critics suggest that such gender role stereotyping can have 
detrimental effects on the self-concepts, achievement aspirations, self images of women (Ford et al. 1998). 
Similarly, it has been suggested that men are increasing stereotyped in unflattering ways. That is they are often 
depicted as childlike, lazy incompetents concerned only about motor vehicles, beer, and football. 

Most of the research on this topic has been conducted by scholars in the United States but there has been some 
examination of the topic in other countries (Ford et' al. 1998 have presented a brief but recent review). This paper 
extends the research stream to Romania. · · 

PAST RESEARCH ON GENDER ROLE PORTRAYALS IN MAGAZINE ADVERTISING 
The earliest research on gender roles in advertising was conducted in the United States. In response to feminist 
charges ·that advertisers portray women in terms of a limited number of negative stereotypes Courtney and Lockeretz 
(1971) conducted an exploratory study to determine whether such stereotypes could be identified. Employing a 
sample of ads from major American magazines published in 1970, they found that while very few ads_ portrayed 
women in a very negative way, many se_emed to reflect stereotypes related to the traditional domestic ~oles of 
women. That is, they don't make important decisions or do important things and are dependent upon • men for advice 
and protection. Women appeared mainly in ads for householq products such as food, beauty, drugs; clothing, 
appliances, and furniture. Men, on the other hand appeared more often in ads for travel, automobiles, alcoholic 
beverages, cigarettes, banks, industrial products, entertainment media, and institutional public relations messages. 
Courtney and Lockeretz also concluded that the advertising images imply that men regard women primarily as sex 
objects. 

The following year Wagner and Banos (1973) reported a follow-up study to Courtney and Lockeretz (1971). 
Employing an identical methodology with a 1972 sample, they found a substantial shift in the portrayal o:f women 
which they concluded reflected the contemporary expansion in the ro.les of women as working members of 
American society. They found an increase in portrayals of women working outside of the home. However, 
compared with men, women were shown occupying lower level white collar and non-professional positions. They 
found a decrease in the rate with which women were portrayed in family and recreational roles and an increase in a · 
purely decorative role (i.e., within sexual appeals for products not logically related to sexual motives). 
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Lysonski (1983) conducted a study involving a comparison of female and male. stereotyping in advertising. Citing 
research outside of marketing that suggested that males were often portrayed as macho womanizer types who are 
dominant over women, Lysonski's purpose was to conduct a systematic analysis of trends in male stereotypes and 
compare them with female stereotypes. Examining 5,000 ads appearing in major American magazines in 1974-75 
and 1979-80 Lysonski discovered that sex role stereotyping continu~d to be prevalent but did undergo some change. 
Women were less frequently cast as being dependent on men but more often portrayed as career-oriented and as 
engaged in · non-traditional activities. He found rio change in the extent to which women were depicted as 
homemakers, concerned mainly about physical attractiveness, and as sex objects. Men were less likely to be 

_ depicted in themes of sex appeal, dominant over women, and as authority figures. They were more likely cast in 
non-traditional roles and as being engaged in activities outside of the home. 

Lysonski (1985) next took the research stream to Britain. Starting from the premise that in light of feminist criticism 
and activism one might have expected sexist portrayals to have moderated. However, due to a cultural lag, women . 
might still largely be portrayed in traditional roles. His purpose was to detect whether any shift in stereotyping of 
women had occurred and also to see how men were stereotyped in advertising. Lysonski also wanted to make 
comparisons in gender role stereotypes between British and American advertising. Employing a sample drawn from 
issues of 15 major British magazines published in 1976 and 1982-3, he found fewer portrayals of female 
dependency_ than in the American sample but at the same time, the British sample included less equality of standing 
with men. In the British ads men were more likely to be portrayed in terms of sexual stereotypes, as family
oriented; as engaging in activities outside home, and less as career-oriented. Within the Britis~. sample his results 
show a slight shifting in sex role portrayals with women appearing less as dependent on men and men appearing 
more as sex appeal, career-oriented, activities outside home. He concluded that British advertisers hadn't seemed to 
have responded much to changing careers and roles of women thus, the traditional stereotypes as homemakers and 
as concerned about physical attractiveness persisted. 

Wiles and Tjernlund (1991) were interested in comparing role portrayal for both women and men between American 
and Swedish ads given the similarities and differences between the two societies. They cited similarities between the 
two countries in their levels of standard of living and materialism but differences in size, degrees of cultural 
homogeneity, income, outlook, and behavioral patterns. Specifically, they cited that in 1968 Sweden was the first 
country in the world to institute public policy designed to produce equality between men and women. Using the 
Courtney and Lockeretz ( 1971) conceptualization and methodology they found a great deal of similarity in the ways 
in which the two gender groups are portrayed in the two countries. However, some differences did emerge. W:omen 
were more likely to be portrayed in decorative roles in American magazine ads. In the Swedish ads they appeared 
more often in recreational and family roles. 

Zotos and Lysonski (1994) were interested in determining the frequency of various rol~ portrayals in Greek 
magazines. They cite data on the changing role of women in Greek society. Specifically, women were becoming an 
increasing percentage of the workforce and consequently, were earning a higher level of discretionary income. This 
in tum, created much more advertising activity targeted at them. Examining ads drawn from eleven Greek 
magazines published in 1982-83 and 1987-88 they found that the most common female stereotypes depicted were: 
concern with physical attractiveness, as sex object, and as engaged in non-traditional activities (i.e., activities 
outside of the household). Women were least frequently portrayed were · as the voice of authority and career
oriented. However, the authors did find some shifting of the role portrayals from the ec1Tlier to the later sample. The 
housewife stereotype declined and the stereotype concerned with physical attractiveness stereotype increased. The 
stereotypes of sex object and as dependent on men declined but the change was not statistically significant. For 
men, the most commonly depicted roles were: sex appeal and dominant · over women career-oriented, and activities 
outside the home. The least commonly depicted roles included frustrated male and non-traditional roles (i.e., doing 
housework). The sex appeal and nontraditional activities portrayals increased while the family man portrayal 
decreased between the earlier and later ads. The authors conclude that overall, Greek advertising had not seemed to 
reflect the changing roles of women in society. Portrayals of the ~areer-oriented woman had not increased and when 
they were depicted as career-oriented women were cast on mainly clerical and service type jobs. The sex object and 
housewife images seem to have been persistent. 

Zhou and Chen (1997) examine gender role portrayals shown in ads carried in eight Canadian magazines in 1990. 
Their concern was whether the portrayals· reflected guidelines designed to improve gender role portrayals 
established by the Canadian Advertising Foundation in 1987. They found t~at mal~s were more likely than females 
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to~ cast in h!gh or.mid-level occ~pation~ and in business settings. Compared with men, women were morel often 
cast m domestic settmgs and associated w_1th domestic products (i.e., personal care, clothing, food, home furnishings 
etc.). The research~rs concluded that while women were portraye9 more favorably in the 1990 ads compared with 
earlier years, they still were not portrayed as favorably as men. 

Ford, Voli, Honeycutt, and Casey (1998) conducted an examination of gender stereotypes in Japanese advertising 
employing a sample of 483 ads drawn from a cross section of high-circulation male-oriented female-oriented and 
general. r~_adership mag~ines. The~ expec!~d to fmd men portrayed more positively th~ women give~ the 
emphasis _m Japanese society on valumg trad1t1on but were also interested in whether western influences might be 
reflected m the way_ that g_ender roles were represented. Results showed significant differences between portrayals 
of men and women m_cludmg some counter-stereotypical portrayals. Both gender groups were portrayed positively. 
Women were not shown more often in a negative manner and not associated more than were men with lower-priced 
products. Women appearing in ads were significantly younger than were men and more concerned with their 
physical appearance. These characteristics were reflected in other international studies. Women's source of 
credibility stemmed from being product users as opposed to product authorities. Men's source of credibility was as 
product authorities. Men were also used in a decorative role more often than were women, a finding that seems · 
counter:-stereotypical from the traditional Japanese perspective and may be reflective of western influence. 
Application of a sexism scale produced by Pingree et aL ( 1996) revealing that more than half of the portrayals of 
women fell within the category "kept in her place" produced results that the authors suggested pointed to latent 
sexism rather than egalitarianism in Japanese ads. Overa1l, they concluded that Japanese ads reflected both Eastern 
and Western values through both indigenous and international gender stereotypes. And that hard-line stereotyping of 
men as autocratic and severe found in earlier Japanese advertising had been softened by westernization. 

AI-Olayan & Karande (2000) were interested in comparing advertising approaches in the United States with those 
used in Arab countries. Among their bases for comparison were the extent to which females appear in ads and how 
they are portrayed. They employed a sample of ads drawn from pan-Arabic and American magazines published in 
1998 and 1999. The authors expected that the portrayal of women in Arabic ads would be guided by Islamic 
values. Specifically, they predicted that compared with American ads women would appear less frequently in 
Arabic ads and would appear more when their presence related to the advertised product (i.e., personal care and 
cosmetics and products related to the role of homemaker such as household clreaning products and food). They also 
predicted that Arabic ads would more likely show only womens' faces or picture them in long dresses. Finally, they 
expected that comnpared with American ads that show men an/or women those in Arabic ads would feature men 
more often. Their findings were largely consistent with these predictions. They found that American magazine ads 
include women at a higher rate than did Arabic ads (75 vs. 45%). The pesence of women in Arabic ads was related 
to the prodcut at a much higher rate (93 vs. 39%). However ads including both men and women occurred at a 
similar level (U.S., 81 vs Arabic 77%). In Arabic ads women appeared in Jong dresses much more than in American 
ads (83 ·vs. 29%). Thus, in contrast with the Japanses study, ads in Arab markets do not indicate western influences 
in gender portrayls. 

Overall, this research has shown that the depiction of women in advertising has become increasingly reflective of 
their more diverse roles stemming from their increased economic and social power. Similarly men have been 
incresingly portrayed in more diverse roles consistent with ~ing on more domestic responsibility. Yet, the 
traditional gender role stereotypes of feamle as homemaker, dependent, and sex object and male as dominant found 
by the early studies are persistent and almost universai. 

THESTUDY 
The purpose of this study is to determine how gender roles are currently portrayed in magazine. advertising. in 
Romania. Romania is an interesting context in which to study these images for several reasons. . Frrst, no studies 
have been published to date having examined gender roles in advertising in either the former ~oviet Uni~n or its 
former satellite states. Second, Romanian socialist programs were constructed to emancipate w~men fr~m 
subservient status (Federal Research Division 1989) and current democrat~c idea~s suggest gender equahty. _Torr~, 
over the past decade, the economic vitality of the nation has dramatically mc_res~d. A consumer society 1s 
developing thanks to continuing integration into the global economy (Romama ts scheduled for full E.U. 
membership in 2007) as well as a healthy communications network (Europa World Year Book_2003). Numer~us 
consumer publications targeted at women seem to reveal that they are regarded by compames as a potenttaly 
lucrative target market for many types of consumer products. 
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On the other hand, Romania is a very traditional latin culture where women have been typically assigned to 
traditional roles (Carey 2004). The integration of the nation into the global economy and particularly into the E.U. 
has likely resulted in the extenstion of standardized advertsing approached used by Pan-European and global brands 
which _ may contain gender role images that are not necessarily reflective of Romanian value·s. Conversely, more 
traditioanl values may be reflected in the ads created by local advertisers or those of foreign companies employing 
an adapted approach to the Romanian market. · 

METHODOLOGY 
Sam pie. A sample of issues from 21 different popular magazines published in Romania was employed for this study 
(See Table 1 ). We had intended to draw a random sample of magazines but beca,µ.se of a lack of a well-organized 
and comprehensive archive of popular magazines we were forced to rely on a convenience sample based upon what 
was reasonably available. Part of the sample which consisted of issues published from 2000 through 2004 was 
obtained at the national archive in Bucharest. These issues were supplemented with current (May, June, and July 
2005) issues purchased at street comer kiosks in Bucharest. Most popular magazines available in Romania seem to · 

- be targeted at women so in crafting the convenience sample we tried to maintain a balance among magazines 
targeted at women, with those targeted at men and at general audiences. The resulting sample consisted of ten titles 
targeted at women along with five and six targeted at men and g~neral readership, respectively. 

Each ad of one-half page ii1 size or greater and containing at least one adult (i.e., age 18 or older) from each issue 
was used in the sample. Consistent with past research, only shots in which the attributes of a character were 
discernible were included in the sample. Thus, characters appearing in background shots and tliose obscured by a 
lack of camera focus were excluded. The resulting sample consisted of 183 ads which 93, 64, and 26 appeared in 
magazines targeted at women, men, and general readership respectively. 

Coding. Categories of analysis along with their. operationalization were virtually all adopted from earlier research 
(See Table 2). Coding procedures were conducted based upon widely accepted standards for content. Two adults 
fluent in both Romanian and English independently coded the characteristics of each ad and ad character. Preceding 
the main data collection phase they participated in two training sessions. In the first, they received the coding 
instructions containing definitions and examples. The second training session consisted of a practice round where 
they coded a small set of ads not used in the main sample. Disagreements were resolved through discussion 
between the judges. Initial reliability coefficients can be seen in Table 2. They are all well above the minimum 
necessary for adequate reliability analysis (Neuendorf2002). 

RESULTS 
Gender Differen~es in Ad Characteristics. Results of tests of gender differences between gender groups on the 
characteristics of the ads can be seen in Table 5. Initially, when product category was cross-tabulated with gender 
group several cells exhibited expected frequencies too small to satisfy the basic conditions for using a x, 2 test of 
difference. Accordingly, we combined several product categories and appearance then conducted the test once 
again. Results indicate a significant difference (X, 2(8df) = 31.66, p~ .001) between the distribution of men and 
women across the set of product categories. Compared with women, a higher proportion of men appeared in ads for: 
1) autos, auto accessQJjes, and lawn care products; 2) finance and real estate services; and 3) electronics, computers, 
cameras, and telecommunications products and services. Women appeared ·in higher proportions than did men in 
ads for: 1) food snacks and beverages; 2) personal and beauty care; 3) medicine and health care services; 4) 
household appliances, furnishings, paint, and home renovation products; and-5) alcohol and tobacco products. 

When products are categorized by association we find that women are m·ore associated with domestic products and 
men are more associated with nondomestic products (x2(1 df) = 16.00, p :::: .001 ). Distributions of the gender groups 
were not significantly different across the categories of primary product benefit. However, post hoc analysis reveals 
that women appeared at a higher rate than did men for self-enhancement products (58.6 vs. 46.7%; x2 = 3.13(ldf), p 
~ .10). Most of these ads were in the personal and beauty care categories. 

A significant difference between the gender groups was also found according to the target audience of the magazine 
carrying the ad (x 2{2df) = 20.12, p ~ .001). Compared with women, men appeared in a higher proportion in the ads 
carried in magazines targeted at men (40.2 vs. _17.9%) and those targeted at general readership (19.6 vs. 12.9%). 
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There ~as a significant d~fference between the ~ender groups in the setting of the ad (x 2(4df) = 15.35, p < .001). 
Ads with an outdoors settmg featured men at a higher rate than they did women (44 6 27 1 ¾) w·thin d ·th • • d" • . vs. . o • 1 a s wt 
no setting (1.e.,_ a stu 10 settmg) women appeared at a higher rate. than did men (41.4 vs. 18:5%). Again most of 
these ads were m the personal and beauty care categories. 

Finally, ~ere was a signifi~ant diffe~ence between· th~ gender groups in ads using a sexual appeal (x 2(ldf) = 8.39, p 
~ .05) wt~ women appearmg at a h1~er rate_ than did men (32.1 vs. 15.2%). However, men appeared at a higher 
rate than dtd women (21.4 vs. 17 .8) m ads usmg a sexual appeal in a decorative manner (i.e., in which sex was not 
related to the product) although the difference is not statistically significant. 

Differences in Gend~r Role Portrayals. Tests of differences in gender role portrayals can be seen in Table 6. No 
significant differences were ~ ound in ~e distributions of the gender groups in age, family relationship, as product 
user, as frustrated, or as foohshly comical. However, while portrayals as foolish were very rare for both groups, 
directionally men appeared as foolish at a higher rate than did women (6.5 vs. 0.7%). 

Categories of occupational level could not be combined in order to satisfy the assumption of the x 2 test in a 
reasonable way so a test of difference in the distributions of the gender groups across occupational levels could not 
be conducted . . However, a post hoc test revealed tha~ men appear ·at a higher rate than do women as high or mid
level business executive, professional, or celebrity (14.2 vs. 6.4%; x 2(1df) = 3.84 p ~ .10). 
Finally, compared with women men were portrayed as active at a significantly higher rate ( 66.33 vs. 40. 7%; x 2( I df) 
= 14.55 p ~ .001). 

DISCUSSION 
The findings of this study are consistent with the results of other studies. In some respects gender portrayals in 
Romanian magazine ads reflect an image of equality between the gender groups. Yet the more traditional 
stereotypes are also apparent. Progressive images are reflected in a reasonably high association for women with 
nondomestic products including financial and real estate along with electronics, computers, and telecommunications 
services. Equality of the gender groups is also apparent in an equal association in the ads with both home and at 
work settings, roles as parent and spouse and in a decorative role within ads. 

Traditional gender roles for women are reflected in their association with sexual appeals and with domestic 
products, especially personal and beauty care products, an association which reflects the stereotype of concern for 
physical appearance. Traditional male roles are reflected in their association with active roles, high and mid-level 
and professional occupations, and nondomestic products especially automobiles, auto accessories, lawn care, finance 
and real estate. 

Thus, the results of this study show a society in transition· since it reflects both progressive and traditional values in 
gender role portrayals. This is, of course, reasonable considering Romania's rapid transition from a state of relative 
isolation under the communist regime to one of full integration into the economic and social milieu of modem 
Europe. The advertising reflects the increasing participation of women in nondomestic roles and their attractiveness 
as a target market. It also reflects the values of a modem consumer society. Indeed, many of the ads were for global 
and pan-European brands probably promoted with a fairly standar~ized global or region strategy. Examples include 
Adidas, Audi, Carlsberg, Husqvama, L'Oreal, Nescafe_, Pampers, Samsung, Sony, and Whirlpool. 

Limitations and Future Research. The main limitation of this research relates to the relative weakness of the 
sample. As noted above, we found it nearly impossible to access a random sample of ads that adequately covered a 
recent range of years. Thus, we relied on a convenience sample with a higher than desired proport_ion of mag~ines 
and consequently ads targeted at women. On the other hand, this imbalance may reflect an imbalance m ~he 
population of magazines and advertising space targeted at women vs. men, vs. general segme~ts. Futur~ stud!es 
should be conducted on alternate samples to better interpret the significance of the current findmg. Future studies 
could also be conducted in other advertising media especially television. Finally, to the extent that researchers could 
access a reasonable sample of magazine shed over the past decade, a longitudinal analysis of trends in gender role 
portrayals could be performed. 
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Table 1: Romanian Magazine Sample 

Number Years of Target Number 
Magazine of Issues Issues Audience of Ads 

Auto Contact 2 2005 Male 6 
Avantaje 9 2000-5 Female 39 
BBW City Guide 1 2005 General 1 
Bucuria Vietii l 2005 Female 11 
Caminul 2 2005 General 6 
Cariere I 2005 General 3 
Descopera 2 2005 General 7 
Esential 2 2000 Female 2 
Femeia Modema I . 2005 Female 2 
Flacara l 2005 General 2 
Gradina 2 2005 General 7 
Ioana 2 2005 Female 18 
Lumea 5 2000-1 Female 6 
Marni 2 2005 Female 12 
Men's Health 1 2005 Male 9 
Pescar 1 2005 Male 2 
Plai cu Boi 2 2001 Male 3 
Playboy 6 2003-5 Male 24 
Privirea 7 2004-5 Female 16 
Tahu 1 2002 Female 1 
Unica 3 2000,4 Female 6 
Total 54 2000-5 183 · 
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Table 2: Categories of Analysis 

Variable Subcategories and Operational Definitions 

Variables Coded for Each Ad 
Product 
Product Association 

Record the category for the advertised product. [See Table x for categories.] 
Domestic products are those used primarily in the home for the purpose of maintaining the home. 
All other products are categorized as non-domestic. 

Variables Coded for Each Character 
Gender Record the gender of each case. 
Age Estimate and record the approximate age of each case.' Sometimes the age of a character may be 

Setting 

Family Relationship 

Occupational Level 

Active 
Frustration 
Foolish 
Sex Appeal 

Decorative 

Product Benefit 

explicitly conveyed but most often it will not and must be inferred through physical appearance 
and/or context. [(18-49) = 1, (50-64) = 2, (=> 65) = 3] 
Record the type(s) oflocation(s) that serves as the context(s) for the ad. [Home, Store/restaurant, 
at work, Outdoors, Other, No setting] 
Record the type of family relationship role played by the individual. This may be either explicitly or 
implicitly conveyed. [Parent, Spouse, Boy/girlfriend, Sibling, Other, No family relation] 
Record the ·occupational level for the individual. This may be either explicitly or implicitly conveyed. 
[High level business/professional= 1, Celebrity (entertainer, pro athlete, etc.) = 2, Mid level business/ 
semi professional (white collar)= 3, Blue c~llar = 4, Homemaker = 5, Not identified = 6] 
Code whether the individual is engaged in some physical activity or inactive. 
Code whether the character seems to exhibit frustration resulting from a consumer problem. 
Code whether the individual is portrayed as being foolish, inept, etc. 
Indicate whether the ad uses some form of sexual innuendo (usually with an attractive model in some 
provocative pose and/or scantily clad, etc.) 
Code whether sex is logically related to the product ( e.g., a perfume ad) or the model is merely serves 
a decorative purpose (e.g., sexy model lying across the hood of a car). 
Code the main benefit the consumer may derive from the product. [Social approval, Self-enhancement, 
Practical, Pleasure, Other] 
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Table 3: Distribution of Sample Across Product Categories 

Product Category Product Association Number of Ads 
Food,Snacks, Beverages Domestic 13 
Personal & Beauty Care Domestic 35 
Auto & Accessories Non-domestic 12 
Restaurant ·& Retail Non-domestic 3 
Medicine & Health Care Services Domestic 38 
Household Appliances & Furnishings Domestic 11 
Alcohol & Tobacco Non-domestic - 14 

1-iousehold Cleaning Agents Domestic 3 
Clothing, Shoes, & Accessories Domestic 9 
Finance & Real Estate Non-domestic 8 
Telecommunications Non-domestic 9 
Electronics, Computers, & Cameras Non-domestic ' 11 
Paint & Home Renovation Domestic 4 
Lawri & Garden Tools Non-domestic 5 
Tourism & Entertainment Non-domestic 3 . 

Misc. Non-domestic 5 
Total 183 

Table 4: Summary of Previous Research on Gender Role Portrayals in Advertising 

Author(s) Gender Groups Country Time Periods Examined 
Courtney & Lockeretz ( 1971) Women USA 1970 
Waj?;Iler & Banos (1975) Women USA 1972 
Lysonski (1983) Men& Women USA 1974-5, 79-80 
Lysonski (1985) Men& Women Britain 1976, 82-83 
Wiles & l]emlund ( 1991) Men& Women USA, Sweden 1990? 
Zotos & Lysonski ( 1994) Men& Women Greece 1982-83,87-88 
Zhou & Chen (1997) Men& Women Canada 1990 
Ford et al. (1998) Men& Women Japan 1992-93 
AI-Olayan & Karande (2000) Men& Women USA, Egypt, 

Lebanon, UAE 1998-99 
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Table S: Comparison of Gender Portrayals Across Product & 
0

Ad Characteristics 

% 

Variable Categories Men Women x2 

Product Food, Snacks, Beverages 37.5 62.5 

Category Personal & Beauty Care 21.1 78.9 
Auto, Accessories & 73.7 26.3 

Lawn Care 
Medicine & Health Care 16.3 83 .7 

Services 
Household Appliances, 38.1 61.9 

Furnishings, Paint, 
& Renovations 

Alcohol & Tobacco 43.5 56.5 
Finance & Real Estate 54.5 45 .5 
Electronics, Computer, 60.0 40.0 

Cameras, & Tele-
communications 

Misc. 50.0 50.0 X. 2(8df) = 31.66*** 

Product Domestic 28.6 71.4 

Association Non-domestic 54.5 45.5 x_ 2(ldf) = 16.00*** 

Product Self Enhancement 46.7 58.6 

Benefit Social Approval 26.1 27.1 

Pleasure 52.2 55.0 

Practical 67.4 74.3 

Other 6.5 7.9 x. 2(4df) = 0.58 

Target Men 40.2 17.9 

Audience Women 40.2 69.3 

ofMagazine General 19.6 12.9 x. 2(2df) = 20.12*** 

Setting Home 23.9 21.4 

Store/Restaurant 8.7 5.0 

At Work 6.5 7.1 

Outdoors 44.6 27.1 

Other/No Setting 18.5 41.4 x_ 2(4df) = 15.35*** 

Sex Appeal Sex Appeal 15.2 32.1 x, 2(1 df) = 8.39* 

Decorative 78.6 82.2 

• p :S .05, ** p :S .01, *** p :S .001 
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Table 6: Comparison of Gender Role Portrayals 

% 
Variable Categories · Men Women x2 

Age 18 to 49 95.7 95.7 
2: 50 4.3 4.3 

Family Parent 10.9 12.1 
Relationship Spouse 12.0 11.4 · 

Other 5.5 3.5 
None 81.5 82.9 X 2(3df) = 0.55 

Occupational High/Mid Level 14.1 6.4 
Level Business/Profes-

sional/Celebrity 
Blue Collar/ 3.3 5.7 

Homemaker 
Not identified 82.6 87.9 

Active/ Active 66.33 40.7 X, 2(ldf) = 14.55*** 
Inactive 

Credibility Product User 90.2 · 91.4 X, 2(ldf) = 0.10 

Frustrated Frustrated 1.1 1.8 

Comical Foolish 6.5 0.7 

* p ~ .05, ** p ~ .01, *** p ~ .001 
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ABSTRACT 
AJI Ce?tral and East-E~opean countries have experienced significant economic growth over the last 15 years. 
Romania h~ lagged behmd for several years but is currently experiencing privatization and economic growth. As 
the R~~ani~ market h~ ~pawned many local entrepreneurs and attracted many global marketers, likewise an 
advertismg industry cons1stmg of many local and international agencies has developed to serve their needs. The 
present paper summarizes and classifies the different _stages of the industry and its competitiveness. It extrapolates 
the fmdings to the competitive advantages created by advertising and the competitiveness of the advertising industry 
clients. 

INTRODUCTION 
After the major political changes in the late 80s the Central and East-European countries have experienced 
significant economic growth due to political reform, privatization, and access to foreign capital. However the rate 
and timing of economic growth has varied from country to country. Romania has lagged behind for several years 
but is currently experiencing privatization and economic growth. Foreign companies established subsidiaries and 
started doing business in the country. Hundreds of local companies were formed and started to compete in all types 
of industries. All businesses started to use marketing tools to promote their products and services. As a 
consequence, the advertising industry experienced a tremendous growth. An examination of the evolution of the 
advertising industry represents an excellent window to observe and analyze the overall economic growth (Keegan, 
2002). 

As the Romanian market has spawned many local entrepreneurs and attracted many European and global marketers, 
likewise an advertising industry consisting of many local and international agencies has developed to serve their 
needs. These agencies provide marketing strategy and brand development consulting as well as creative. advertising 
and media services. As competition among marketers increases so has competition among advertising firms. The 
purpose of this paper is to describe trends in the advertising industry in Romania. The present paper summarizes 
and classifies the different stages of the industry and its competitiveness. It extrapolates the findings to the 
competitive advantages created by advertising and the competitiveness of the advertising industry clients. . 
The ease with which promotional tools can be used in an · emerging market depends on many factors bey~md the 
direct control of the marketer. The growth of the advertising industry in a given country where a free market system 
was recently established depends on tradition, a favorable system_ofrules and regulations, a stable legal system, the 
existence of local sources of audio-visual production, and an abundance of media industries (Rhea 1996a). If all 
these factors are present, a momentum can be created towards the development of a professional and effective 
advertising industry (Mueller, 1991 ). 

Sporadic and non-formalized attempts have been made to analyze the structure and evolution of the marketing and 
advertising industry in the emerging markets of Central and Eastern Europe. Testimonials have been gathered by 
journalists, stories and rumors have been used to investigate the infrastructure, the trends, and the sustain~bility of 
the industry. However, the academic literature has only lately showed interest in the topic. The research done for this 
report identified only two studies dedicated to some aspects of the Romanian advertising industry. This paper will 
try to uncover the developments that took place in the last over 15 years and to analyze the sustainability and 
effectiveness of the advertising industry in Romania, the second biggest market in Central and Eastern Europe 
outside the former Soviet Union (for a country profile see Table 1 ). 
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LITERATURE RESEARCH 
The emerging free-market economies of Central and Eastern Europe are experiencing an advertising ''renaissance," 
yet not -enough information on industry activities has been captured in .the literature (Rhea, 1996a). Most information 
comes from press releases and news stories. 

Research reports that were made available in the last decade can be clustered into: (a) interest of Western advertising 
agencies in these markets, (b) uses of various types of advertising in Eastern European countries, and ( c) strategic 
counsel and advice (Duncan and Ramaprasad, 1995). 

Central and Eastern Europe advertising market did not bring by itself a lot of attention from established ad agencies 
from the West. Caution characterized their market entry approach. Frustration of dealing with a different business 
mentality and different culture were at times overwhelming (Rhea 1996b ). · 

Most of the multinational advertising agencies were pulled into the newly emerging markets by their clients in the · 
Western markets (Stefanou, 1992). Consumer product companies such as Johnson & Johnson, Coca Cola, 
McDonalds, Colgate Palmolive, Kellogg, Mars, served as change agents and pressured their agencies to support 
them in the new markets they entered. Agencies started to operate in Central and Eastern European markets under 
non-equity ~ffiliation agreements with local companies rather than joint ventures (Bowes 1990). 

The role of advertising in Western and Eastern Europe was different. While consumers in Western Europe were 
familiar with the advertised products and ads were used to differentiate between competitive olterings, in Eastern 
Europe advertising was primarily used as a tool to make rise awareness of unfamiliar products (Heyder et. al. 1992, 
Stefanou, 1992). A variety of non-traditional advertising campaigns were developed and used to promote events or 
to explain government actions. Advertising campaigns were designed to help the population understand the 
privatization process, the public offerings for state owned companies, investing in the capital market, etc. (Lee and 
Kitchen, 2005). 

Due to the rapid changes in the markets and the-different stages of development for different countries in the region 
a market specific approach is needed to understand and research the media behavior and ownership, the access to 
television and radio, and the viability of consumer markets (Lynch 1993). However, market integration in Europe 
and the growth of pan-European media may ultimately lead to homogenization of national and local markets and 
therefore a unique Euro-strategy may suffice (Beltramini, R. and D. Pitta, 1991, Rhea 1996a). 

Information available for different countries in Central and Eastern Europe is limited and differ along the West-East 
direction. The Czech Republic, Hungary, Russia, and Poland received most of the academic attention. Other 
countries did not constitute fertile topics for academic research. Romania, Bulgaria, and the states that constituted 
the former Yugoslavia did not receive much attention. Except for the two studies authored by Rhea (I 996a and 
1996b) published in the Journal of Euro Marketing, studies that are exploratory and informative, there are no articles 
published in the academic literature that describe or analyze aspects of the advertising industry in Romania. 

METHODOLOGY 
A competitive analysis of the. Romanian advertising industry was performed along dimensions familiar to the 
competitive analysis method: (a) internal rivalry in the industry, (b) bargaining power of suppliers, (c) thereat of new 
entrants, ( d) threat of substitutes, and ( e) bargaining power of the industry clients. Though ultimately addressing the 
final consumer, the advertising industry is situated in a business-to-business condition. Given the scarcity of 
research and research information on the Romanian advertising indµstry after the fall of the communist regime, the 
analysis will employ an exploratory research methodology in the context of theoretical discovery (Zaltman et. al. 
1982). The analysis will to provide information that might be useful for inquiry into areas related to advertising 
strategy such as role portrayal of men and women in advertising, the impact on advertising on the local consumer, 
etc. 

To accomplish the task several interviews have been conducted with several advertising agencies senior managers, 
media specialists and managers, and academic researchers and faculty. The interviews were conducted for a period 
of several months in Bucharest, Romania, in several cities in central Romania, and via e-mail. The information was 
supplemented with insight from many discussions with individuals and families during the on-site research period of 
over two months. The data collection instrument was developed in time, through _an emergent design process with 
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new que~tions_added as the unders~ding of the different aspects of the advertising industry became more and more 
clear. D1scu~smns ~ere _conducted m several stages with e-mail fol\ow-ups when necessary. A breakdown of the 
respondents 1s provided m Table 2. 

INDUSTRY ANALYSIS 
Ro?'~ia's change_ to a market economy has b~en followed by notable growth in the variety and quality of marketing 
act1v1t~e~. Pro~o_tio~al tools have been extensively used. As an example within the general area of promotion, only 
advert1smg activity mcreased tenfold. Total advertising rose from USO 27 million in 1993 to over 31 0 in 1999 with 
multinational _c_ompanies _acti~e in the industrial sector and mobile operators being the top advertisers. Next,~ in
depth competitive analysis will be performed (see Figure 1 ). 

Bargaining Power of Suppliers 
Multiple media outlets have been used and are used by advertising agencies. Media includes televisio~ radio 
movie? n~wspaper, jo~als, and_ mag~ines as well as outdoor vectors such as billboards, signs, etc. Television w~ 
and still is the predommant media, with a commanding 60 percent of the total advertising spending, followed by the 
press, outdoor advertising, radio and movie advertising. The television system inc udes two state-owned national 
networks, a large number of state-owned local networks, and a multitude of privately-owned networks which tend to 
cover the whole country (Examples: ProTV, Antena I., Tele 7 ABC; Prima TV, Acasa, Atomic TV}. 

Radio also represents an important outlet for advertising. There are three national state-owned AM radio networks 
which can be characterized by their target audience segment: popular, cultural and youth. In addition, there is a 
national FM network (Europe FM) and a large number of FM stations in Bucharest and other major cities, which 
have a broad audience appeal, of which the most popular are: Contact, ProFM, Radio 21, RadioTotal. In the last 
several years radio stations have proliferated allover the country and smaller and medium sized cities have a wide 
choice of programs. 

The press includes both newspapers (daily and weekly, covering the whole country) and a growing number of 
magazines. Although only 20 percent of the population is reported to read one or more newspapers a day, national 
dailies are important opinion vectors. There are more than 20 national dailies, of which the most notable are: 
Adevarul, Evenimentul Zilei, Ziua, Gandul and Romania Libera. Several of them have established their readership 
based on political philosophy (such as Romania Libera, right wing oriented newspaper or Adevarul, a left wing 
oriented daily newspaper); others are mass-market newspapers (such as Evenimentul Zilei, the most read 
periodical), or sport-oriented newspapers. There are also daily and weekly newspapers published in major cities. 
Specialty publications (i.e. sports, business, entertainment and family) are a major aspect of the weekly newspaper 
and magazine segment. Little more than 50 percent of the population listen to the radio (mainly in the mornings) as 
comp~ed with over 60 percent that watch television daily. 

Movie advertising is a rapidly growing form of advertising as it allows a high quality message to be delivered. 
Additionally, outdoor billboard advertising is growing rapidly and becoming more sophisticated. Billboard locations 
are multiplying and backlit models are replacing simple painted billboards. Bucharest, as well as other majqr cities, 
are covered with hundreds of billboards that will change their message on average every other week.- Advertising on 
public transportation vehicles is also common. 

Specialized services, such as market research and market testing are available from independent suppliers (IRSOP 
and IMAS) as well as established institutes (Institute of World Economy and Romanian Chamber of Commerce and 
Industry). However, experienced companies and individuals carrying out marketing studies are rare. Nielsen 
Advertising started to conduct business in the country-several years ago. 
The best-known business newspapers and journals in English are the following: . 

• Quarterly Bulletin ( economic, financing, monetary and credit trend information together with stati&tics of 
the National Bank). Publisher: National Bank -

• Romanian Insights. Publisher: Romanian Chamber of Commerce and Industry 
• Bucharest Business Week. Publisher: Americelt Publishing SRL, Bucharest 
• In Review, Romania's Magazine for Business (monthly), and 
• The Business Review (weekly). Publisher: Business Media Group SRL, Bucharest 
• Romanian Economic Daily. Publisher: Nine O'clock Publications 
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• Other publications in English are: Romanian Economic Newsletter (published quarterly in the USA to 
report on and analyze Romanian economic developments); Business Central Europe (published monthly by 

- the Economist Newspaper Group, London); and Balkan News (a weekly newspaper published by Balkan 
News in Athens). · 

Advertising outlets· are numerous and in a large variety. However, the need for advertising space is growing at an 
impressive rate·. · We appreciate the bargaining power of suppliers to be moderate to high. There is a consensus 
among the respondents that the power of suppliers over the advertising agencies is expected to consolidate and grow 
in the next period. 

Rivalry Among Existing Competitors 
The advertising agency industry is experiencing rapid growth of both branches/local representatives of international 
ad agencies and domestic agencies. Major agencies with international affiliation include: Ogilvy&Mather 
Advertising, Mccann-Erickson Romania, Ammirati Puris Lintas Bucharest, Tempo Advertising, Graffiti/BBDO, 
Saatchi and Saatchi, and Young and Rubi cam. Practically, at present, almost all important multinational advertising · 
agencies are present and conduct business in the Romanian market. 

The interviews and discussions with media and ad agencies representatives made possible to identify several stages 
in the expansion of the advertising industry from 1990 to th

1

e present. There are five stages of the advertising 
industry development in Romania include: 

1. Pioneering (1990 - 1993) - Many -stories have been gathered on the first steps in the industry. Marketers 
coming for everywhere (both domestic and international) were willing to advertise the· products but there 
were not specialized services. The few local advertising businesses (mainly TV and radio stations) were 
unprofessional, populated by individuals with no training in advertising. 

2. Market Growth (1993-1997) all major ad agencies started to be interested and established their presence 
in the market ( except for the Japanese advertising agencies). Most bought a small local company ( except 
for Grey). Competition increased substantially and became intense by the end of the period. 

3. ·Emergence of local creative agencies (1997 - 2001)- characterized by a new wave of local start-ups 
(specialists from the big multinationals started their own businesses). The spin-offs are using now 
professionals such as: Tempo Advertising, ADDY, Headvertising, NextCap (20-30 of these competing with 
the big ones on niches they specialize in) 

· 4. Diversification and specialization (2001 - to the present) (such as Grey: media, BTL, serving different 
industries in research, strategy consulting; direct marketing, branding) 

5. Maturity and efficiency (an emerging stage) several major companies show signs of limitations ::_ two 
with significant market share were already in trouble: Darcy and TBWA showing signs of serious 
weaknesses. Among other companies that signaled weaknesses is Olgilvy and Mather. The key words are 
efficiency and survival with small margins. . 

The first generation of ad agencies included staff neither trained nor experienced in advertising. Positions were filled 
mostly with engineers. The country overproduced engineers. In 1989 almost 70 percent of students were studying 
engineering. This represented a general characteristic of all countries in Central and Eastern Europe. Heavy 
industrialization increased the demand of engineers. However, after the communist regimes collapsed and the 
markets started to . function, the well trained engineers had to find other type of jobs and many entered the 
advertising agencies: ibus, advertising was not professionally done and had below average quality. However, since 
then, most of those people have since moved up into management and have, in turn, hired skilled advertising 
professionals. Consequently, the quality of advertising improved. 

Brand advertising as such did not begin in Romania until about 1996. First ad agency staffs had no training, 
experience, models to use. A period of learning by doing followed as mentioned by the majority of respondents: 

Early 1990s was totally primitive advertising. Clients were underdeveloped with respect to their marketing. Now 
they are becoming more demanding. Major clients of the advertising agencies entered the market with standardized 
strategies developed somewhere else. Coca Cola came into Romanian market early in 1990s. They came in with 
standardized ads used elsewhere in Eastern Europe. The first campaign Coca Cola adapted to the Romanian market 
was for Coke Light in 2001. The campaign initially ran in 8 European countries.. However Coke was doing local 
sales promotions in late 1990s. 
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Use of humor~ on th~ ~se b~t perhaps less in Romania than elsewhere in Eur~pe. Visual humor is favored over 
verbal humor cause It Is easi~r to follow and tends to work better internationally. But verbal humor works well 
too. We saw an exampl~ of visual humor on way through town. A billboard for Prigat Energy drink shows a 
fisherman on a beach a bit flustered and amazed because he has J·ust landed a hug N t· 1· 1· tn· 1· , k d " . e orca. a 10na 1s 1c or pa o 1c 
themes haven t wor e well. A buy made m Romania" campaign sponsored by th t I t d I d th t'l ·1 d R • e governmen as e on ya year 
or so an en at e · o~aman co~sumers a very price conscious and this negates nationalistic preferences for 
products. Forms of adaptatmn used mclude ~ang~age, models, locations, Romanian culture, historical symbols, 
charact~rs (eve~, Ceausescu, the loc~I _commumst dictator, was used in ads; but shown in clownish derogatory way). 
"Celebnty ru!e. The use of celebnttes from a_11 fields in ads represents a very popular tactic (use who' s hot right 
now). Especially popular proved to be entertamers and athletes. However, the use of professionals and experts to 
support claims prove~ to be not as effective. 

~gal constraints are importan~ in the indu~try. Comparative ads not used, elicit lawsuit from competitor. The field 
1s regulated by CAN~ the National ~omm1ttee for Audiovisual. Tobacco ads are prohibited on TV and are being 
phased out soon on billboards. No hquor ads are allowed on TV until after 10-11 pm. The ads can't show beer/wine 
being consumed in ads. Evaluation of agencies and impact analysis is performed by research firms, Nielsen, 
Millwood Brown, some local firms. , 

As mentioned above, the competition in the advertisi~g industry increased dramatically in the last ten years and the 
market is now mature with most of international ad agencies present in the market and surrounded by scores of local 
niche companies. The rivalry in the industry is high. 

New Entrants 
As mentioned by all respondents, the main multinational agencies are already present and doing business in the 
Romanian advertising market. A multitude of spin-offs emerged in the past five years or so. Almost everybody that 
was expected to enter the market is already in. Therefore the threat posed by new entrants is moderate to low and 
decreasing. 

Substitutes 
Substitute products in the advertising industry are limited. They can be the in-house production of ads and in-house 
development of advertising campaigns. Only big companies can afford to use this method and only for minor 
projects. Another relatively cheap substitute is offered by the academic community. Professors and students in 
business schools can offer consulting in the area and are able to design promotional campaigns for businesses. 
However, their expertise is limited to small, unsophisticated projects. 
We can conclude that the threat of substitutes is low to moderate and is not expected to increase in the .foreseeable 
future. This represented the majority opinion of both advertising agency employees and managers interviewed as 
well as ·the opinion of academic researchers. 

Bargaining Power of Clients 
The major clients of advertising agencies operating in Romania and therefore the major consumers of adverti~ing are 
presented in Table 5. Procter & Gamble, followed by Unilever, dominates the advertising market. Consumer goods 
marketers represent the biggest clients advertising agencies have_. Table 5 ranks the most important clients by the 
advertising media they use. 

The bargaining power of the clients can be considered as high and increasing in time. As the competition increases 
in the consumer goods markets, the manufacturers will become more demanding on advertising agencies. However 
they will also generate more business for the advertising industry (James and Hill, 1991). For example, in 2003 the 
consumer goods sales increased by over 10 percent (Advertising Maker, 2005). Accordingly, the _consumer goods 
marketers got excited and increased their advertising budgets by 10 to 20 percent. The top marketers inve~ted over 
80 percent of their advertising budget in TV ads. Much less money went to. radio, press, and internet. 

CONCLUSIONS 
The advertising industry in Romania followed closely the path of the main cons~~r goods .. The expanded and 
became busy in the last several years. Professionalism stepped in and now advertismg agencies fight for _market 
share and expansion in a competitive environment. The analysis presented by Rhea ( 1_996a) show~d ~ different 
picture. In the early 90s the advertising industry was in its first stages of development, with few multmat10nals and 
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local agencies staffed with personnel that were not properly trained. The picture changed dramatically in the last 10 
years. A reality of. conducting business research in emerging economies, like Romania, is that the landscape 
changes. continually.: Therefore the object of analysis represents a, moving target and new issues and different 
perspectives appear continually. 

While rivalry is · intense in the industry, the lack of a significant number of potential new entrants makes the market 
relatively stable and almost mature. Substitutes for the industry are rare and cannot be used for major advertising 
campaigns or for branding. In-house advertising product development is sporadic and lacks professionalism. The 
main forces that keep the industry under pressure are given by the negotiation power of both suppliers (media) and 
clients ( consumer goods). The power of negotiation seems to be moving downstream and getting closer to the 
industry's clients. Upstre~m, popular media has a significant bargaining power. 

The .advertising industry is necessary for many reasons. As Rhea (1996a) mentioned, advertising enables free press 
to survive and thrive. Advertising improves the quality of media. In order to attract advertising and increase 

· revenue, the newspapers, radio stations, or TV stations have to be popular and professional. Advertising is 
empowering the consumer. It is beneficial as an educational tool too. Ads provide information that educate the 
buyer and helps him or her reach a better decision based on comparison of different products of different quality anl 
price. Advertising is necessary in particular in a transition period of a state owned and operated economy to a free 
market .system. 
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Figure 1. Competition Analysis of the Romanian Advertising Industry 

Threats of 
suppliers: 

New 
Entrants 

Threats of 
new entrants: 
Moderate 

Rivalry 
within the 
industry 

Threats of 
clients: 
High and 
increasing 

/ 
Moderate to Level of 
high 

1/ ~~/ / 
Threats of 
substitutes: 
Moderate to low 

· 1 Substitutes · J 

422 

Clients 



Proceedings of the 2006 IEMS Conference 

Table 1. Romania. The Country Profile 

Area 91,700 square miles 237,500 sq km 
Border with Bulgaria, Hungary, Moldova, Serbia . Borders the Black Sea 

Ukraine 
Population 22,329,977 (July 2005 est.) Second most populated country in Central 

and Eastern Europe ( outside the former 
Soviet Union) 

Population Growth Rate -0.12% (2005 est.) ~-

Distribution of Population 52 percent urban 
> 16 percent 60 years or older 

Cities Bucharest ( capital city) 2.2 million 
Cities with over 300,000 Wiabitants: 

Constanta 
Timisoara 
Brasov I 

Cluj 
Iasi 
Galati . . 

GDP $186.4 billion (2005 est.) 

Ethnic Composition 89 percent Romanian 
6.6 percent Hungarian 

Literacy Rate 98 percent 
Source: The Intelligence Economist Unit, 2004, Central Intelligence Agency, World Fact Book, 2005 

T bl 2 B kd a e . rea f h R own o t e espondents or Industry Analysis 
Respondents Number of Interviews Length oflnterviews . . 

(Hours) 
Advertising Agency Personnel 6 8 
(Management) 
Media (TV, Radio, Press) 7 4 
Academic Researchers and Business 9 13 
Faculty 
Local Government Officials 4 4 

Total 26 29 
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ess ourna s, ewsoaoers, and Maeazines 
Name of Publication Comment 

Quarterly Bulletin Economic, financing, monetary and credit trend information together with 
statistics of the National Banlc 

Table 3 Busin J I N 

Publisher: National Banlc 
Romanian Insights. Publisher: Romanian Chamber of Commerce and Industry 
Bucharest Business Week. Publisher: Americelt Publishing SRL, Bucharest 
In Review Romania's Magazine for Business (monthly) 
The Business Review Weekly; Publisher: Business Media Group SRL, Bucharest 
Romanian Economic Daily. Publisher: Nine O'clock Publications 
Romanian Economic Newsletter Published quarterly in the USA to report on and analyze Romanian 

economic developments 
Business Central Europe Published monthly by the Economist Newspaper Group, London 
Balkan News Weekly newspaper published by Balkan News in Athens 

Source: Table compiled with the help of respondents 

Ta e 4. bl M aior Advertisme A2enc1es 
Ranked by 261 respondents Strategy orientation Most creative Overall Ranking 
representing top 1 00 ad 
consumers 
Leo Burnett & Target 1 1 1 
McCann Erickson 2 3 2 
Next Cap 3 2 4 
Young & Rubicam 4 Not in the top 10 Not in the top 10 
Graffiti BBDO 5 5 5 
Saatchi & Saatchi Romania 6 8 6 
Ogilvy & Maher 7 Not in the top 10 Not in the top 10 

Tempo Advertising 8 4 7 

Grey Worldwide Romania 9 10 10 

Focus Advertising 10 Not in the top 10 Not in the top 10 

Source: Advertising Maker 2004 

Table 5. Main Advertising Clients 

Top U fM d. ~ 2003 sers o e 1a or 
Company TV usage Advertising Budget 

(Million Lei) 

Procter & Gamble 1 143 

Unilever 2 75 

Coca Cola 3 51 

Wrigley's 4 41 

Colgate Palmolive 5 40 

Elite Romania 6 36 

Bierersdorf 7 32 

Kraft Foods Romania 8 31 

Brau Union 9 30 

Henkel 10 30 

Source; Advertising Maker 2005 
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REPRESENTATIONS OF MASCULINITY IN THE UNITED ST ATES AND IN FINLAND -
PRELIMINARY RESULTS OF FOUR FOCU~ GROUP DISCUSSIONS 

Ulla Hakala 
Turku School of Economics and Business Administration, Finland 

ABSTRACT 
The interest in gender research has been on the increase since the I 960s, since the rebirth of women's movement 
and changed social conditions in family lives. Parallel to this rise, research on gender in advertising has proliferated 
at an even pace, the emphasis having been on gender role portrayal research particularly concerning women. 
Besides, most of the studies have been conducted almost solely in the United States, using quantitative content 
analysis as a method. The purpose of this paper is to discuss masculinity in advertising in two countries, the United 
States and Finland, Europe using focus group discussions as a method, and find out how people respond to the 
representations of masculinity in these two countries. Consequently, the study aims at adding new perspectives to 
the gender research in advertising by focusing on images of men, by using a qualitative method and by taking a 
cross-c_ultural perspective to the issue. The purpos_e of the study can be divided into two research questions: 

I) As to the representations of masculinity, what kind of cultural similarities and/or differences can be found 
between Finland and the United States? 

2) What kind of similarities and/or differences can be found in the interpretations of men and women within 
and between the countries? · 

Results of four focus group discussions (two having been conducted in Finland in fall 2004 and two in the US in 
spring 2005) will be reviewed. · 

INTRODUCTION 
Over the past decades, a number of studies relating to gender portrayals in advertising have been made, but most of 
them have chiefly dealt with female portrayals ( e.g. Schroeder & Borgerson 1998, 17 4 ). Given the concern for 
women's rights froin the 1960s onwards, the portrayals of men have virtually been ignored, and additional research 
is obviously needed (cf. Klassen; Jasper & Schwartz 1993, 30; Wolheter & Lammers 1980, 760). Besides, the 
majority of the gender portrayal research has been conducted in one country, primarily in the United States (e.g. 
Ford, LaTour & Clarke 2004, 42). Therefore, this study adds to the limited body of cross-cultural portrayal research 
on men (cf. Skelly & Lundstrom 1981, 52; Wiles, Wiles & Tjernlund 1995, 41; Kolbe & Albanese 1996, 4). 
B_e~ides, examining the representations of men in advertising over the past thirty years can add to the picture of 
gender codings of adverts and their amendments in general (cf. Wernick 1991, 48). Moreover, looking back [as long 
as thirty years from now] can help us see ahead ( cf. Savitt 1989, 326; Brown 1997, 169). The idea is to incorporate 
consumer interpretation into the cross-cultural advertising studies (cf. Lennan & Callow 2004). 

Gender is an important form of codified behaviour in all societies, and every culture has accepted customary forms 
for communicating gender identity (Leiss, Kline & Jhally 1986, 166; Goffman 1979, 8). Obviously, there .is a need 
for empirical research that illustrates and c~ompares gender representations, and especially representations of_men, in 
different cultures. One has to keep in.mind, however, that the research is not designated to determine-the impact of 
advertising on a society's values about appropriate portrayals, but to ascertain cultural insights to masculinity in 
advertising in Finland and in the United States during 1973-2003. [from a retrospective angle]. Furthermore, . 
examining the intents of advertisf;!rs is beyond the scope of this research. Consequently, the purpose of this paper is 
to discuss masculinity in [print] advertising in Finland and the United States over the last 30 years. The paper, 
herein, works as an independent piece of research; eventually, however, it will represent the second phase of a larger 
study. 

RESEARCH METHOD AND PROCEDURE OF THE STUDY . 
Focus groups1 represent qualitative methods; in most cases, the generic goal of qualitative research is to develop 
insight into how people think and feel; thus, to understand the world of lived experience2 from the perspective of 
those who live in it (Daymon & Holloway 2002, 12; Flynn 1991, 280). This refers to a holistic view which is 
considered as one of the fundamental features of qualitative methods: seeking understanding of the phenomenon in 

1 
Origininally called focussed interviews (Stewart & Shamdasani 1990, 9). · 

2 According to Calder ( 1977), this particularly applies to the phenomenological approach of qualitative research. 
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its entirety in order to develop a complete understanding of the situation. Besides, according to [e.g.] Rudestam and 
Newton ( 1992, 32; cf. Ruddock 2001, 24), qualitative methods generally . apply an inductive approach, starting out 
with specific, accurate observations and moving toward the development of general patterns. However, Daymon and 
Holloway (2002, 232) as well as Rossman and Rallis (1998, 19) criticize this view, arguing that eventually all 
inquiry proceeds through a nonlinear process of induction, deduction, inspiration, and hard thinking and working. 
Due to the constant interplay - moving back and forth between the analysis and data collection - qualitative research 
is often described as iterative (ibid.). 

In the study at hand, the aim of the focus group discussions is to develop insight into masculinity in print 
advertising, assessed by the participants. In here, magazine ads are used as projective.stimuli to elicit and draw out 
the feelings and reactions of the participants. The study is iterative in the sense that topics of the written elicitation 
stage as well as the discussion topics were partly drawn from a previous content analytic phase and partly from 
previous literature on gender and advertising. Of the three approaches3 which Calder (1977) delineates, this study 
represents the phenomenological approach4, i.e. the idea is to understand the everyday experiences of the consumers 
(see also Rudestam & Newton I 992, 33-34; Patton 2002, 104). Supposedly, the group arrangement will bring a 
deeper perspective to the adverts and the discussion of the representations of masculinity because, in general, 
adverts are not consumed alone, but depend on interactions with other people, thus creating socially shared 
meanings ( cf . . Percy, Rossiter & Elliott 200 I, 27; Flynn 1991, 281 ); in order to clarify their own opinions, people 
often need to listen to others (Rossman & Rallis 1998, 135). 

As the name tells, focus groups are a research technique that collects data through group interaction· and group 
dynamics: answers and ideas are produced by members of the group themselves, inspired by the group setting-the 
ultimate goal being to see the topic from the participants' point of view. It is the group dynamics and interaction that 
are considered as the main attractions of focus groups over e.g. individual interviews (Hansen, Cottle, Negrine and 
Newbold 1998, 261-262; Carey 1994, 225; Morgan 1988, 18). Besides, the moderator [often the researcher] has an 
active role in creating and conducting the discussion as well as using the group as a device for eliciting information. 
(Morgan i 996, 130; Stewart & Shamdasani 1990,_ 10.) 

Also, the topic under discus•sion is determined by the researcher. According to Daymon and Holloway (2002, 186--
187;_ also Deacon, Pickering, Golding & Murdock 1999, 65; Calder 1977, 362), it is preferable to concentrate on one 
or two clear issues and discuss them in depth. In fact, as the name implies, focus groups are designed to focus; a 
focus group is not freewheeling, haphazard discussion - there has to be a clearly identifiable agenda for the sessions. 
(Stewart & Shamdasani 1990, 18, 51.) Not all topics are as such suitable for group discussions; sometimes groups . 
can inhibit discussion when they deal with private matters (cf. Morgan 1988, 20). In this study, the focus of the 
study (masculinity) is a social construct; hence, supposedly, the group arrangement will lead to a collective 
generation of ideas. 

The basic issue in specifying research designs for focus groups is to ensure that the research procedure delivers the 
desired data. Daymon and Ho11oway (2002, 190), among others5, provide a list of the stages in focus group research: 
(i) planning, (ii) recruiting, (iii) moderating, (iv) analyzing, and (v) reporting . 

.. 
(i) The interviews should be planned carefully; an important issue to be decided is the level of standardization with 
regard to the questions. The decision whether to use fixed questions (standardization) or open topics (emergence) 
should be based on the goals of the research. According to Stewart and Shamdasani ( 1990, 7 5), the amount of data 
increases with the openness of the questions. In this study, the questions were semi-open ~d open: before the actual 

3 In his article, Calder ( 1977) looks at focus groups from a philosophy of science perspective, pointing to three 
different approaches: the exploratory approach, the clinical approach, and the phenomenological approach. 
4 Phenomenology stems from the Greek word 'phenomenon', i.e. to put into light something that can become visible 
in itself (Ray 1994, 118). According to Patton (2002, 104 ), the foundational question of phenomenology is what the 
meaning, structure, and essence of a lived experience is for a person or a group of people. . -
5 According to Hansen, Cottle, Negrine and Newbold (1998, 265-265), one of the clearest expositions has been 
offered by Stewart, D. W. and Shamdasani, P. N. (1990) Focus groups_: theory and practice. Sage Publications: 
Newbury Park. 
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focus group interview, the participants were first asked to comment on 2 + 2 + 2 (, 1973 1988 2003) els · · · 
Th th tarf l t th . d. ·d I I ' ' a m wntmg. us, es mg Pace was a em 1v1 ua eve) of analysis (see Elliott, Eccles & Hodgson 1993, 315-316). 

The a~vertisemen~ were chosen as ~tinrulu~ material so as to allow.the examination of responses to different 
a~vert1~eme?ts ~unng a 30-year penod of ~un~. In order to be congruent with the cultural theme, the ads for the 
d1scuss1ons ID F~land_ wer~ chosen from Fmmsh general-interest magazines Valitut Palat and Seura, and likewise, 
the a~ for the discussions m the US w_er~ se~ected from the US general-interest magazine Reader's Digest. These 
magazmes were c~osen based o_n the s1m1lanty of their content and demographic profile (cf. Lerman & Callow 
2~, _513). '!be stimulus matenal was ~res~nted to the discussants as A 4-sized colour transparencies one at a time. 
Part1c1pants m the US focus group sessions interpreted American (Reader's Digest) ads and participants in the 
Finnish sessions inteTJ?reted Finnish (Valitut Palat and Seura) ads. ' 

The procedure_usin~ a que~tionnaire prior to the.group session is called the extended focus group. The information 
from the quest10nnarre assists the actual focus group discussion; by using the questionnaire, the moderator is able to 
diminish the group effect and draw out minority opinions as well. (Gunter 2000, 43-44.) 

The questions prior to the group sessions were: 

(I) What are the observable features of the ad that stand out? 
(2) What does each one suggest? 
(3) What overall impression does the ad suggest? 
(4) What do you think the advertiser is trying to communicate with this ad? 

Following this elicitation stage, the groups were led into an extended discussion on masculinity in advertising in 
general, drawing out the participants' perceptions of masculinity in print advertising in Finland and iii the US. The 
discussions covered following issues: 

(1) What aspects of masculii)ity do the ad elements highlight? What aspects of masculinity do they ignore? 
(2) How have the representations of masculinity in advertising possibly changed over time? 
(3) What is the role of advertising in moulding gender stereotypes? Does it mirror reality or does it create it? 
(4) Some say that the use of human models in advertising may link the product too heavily on particular 

gender or particular features of the person·. How do you feel about this? 
(5) It has been said that effective role portrayals are a function of an appropriate match between the gender of 

the depicted model and the gender image of the product, the setting of the portrayal, and realism of the 
portrayal. What do you say about that? 

In order to break the ice and relax the discussants, each interview began with a couple of general questions "What 
defines a man [in general]?" and "What particularly defines a man in your own culture?" The preparatory topics 
served as a practical structure for organising each group's discussion around the same set-0ftopics and comparing 
the discussions. Later on, they also helped at organising the analysis of the discussions. (see Morgan 1988, 56, 66.) 
However, the topics were formulated not to form too rigid a framework ( cf. the emergent nature of qualitative 
research; Rossman & Rallis 1998, 9- 10). Questions that call for a direct, one- or two-word response were also 
avoided as the objective of focus group sessions is to ~timulate discussion. (Stewart & Shamdasani 1990, 63, 65.) 
Stewart and Shamdasani (1990, 66), among others, recommend pretesting, i.e. trying out the questions on a few 
individuals before the actual focus group discussions. Pretesting provides an opportunity to determine whether the 
questions have been pertinently formulated and can be easily understood, and whether they elicit discussion. For this 
study, the pretesting was done two weeks prior to the first focus group session. 

(ii) The composition, size and number of the groups conducted_have to be decided. The choice of the p~icipants 
should be based on well-defmed criteria which are determined by the aims of the research. As to composmg the 
focus groups, Daymon and Holloway (2002, 190-191; also Deacon, Pickering, Gold~g & Murdock 1999, 56~ name 
two possibilities: preconstituted groups (social or professional groups that already exist) and researcher-constituted 
groups (created by the researcher for his or her own purposes) [conveni~nce s~ples; Stewart & Shamdsani 19~0,. 
53]. [For this study, the groups were created by the researcher.] Once this dec1s10n has been made, the next chmce ts 
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between homogeneous or heterogeneous groups. The former are characterized by people with similar interests or 
experiences, positions or roles, ages or gender. The kind of homogeneity that Byers and Wilcox (1991, 656

; also 
Krueger -I 988, 18) refer to, should be included in any focus groups: namely~ homogeneity in relation to the topic 
under discussion. Heterogeneous groups comprise people with different social, cultural, political, and economic 
characteristics. If the group is too heterogeneous, there can be memben, who will feel inferiour and not contribute 
fully (Carey 1994, 229). Besides, according to Lunt and Livingstone (1996, 92), groups consistent in composition 
are easier to conduct. · 

As to the .group composition, gender and age are factors that need to be considered carefully since they can affect the 
quality and level of interaction in the groups, and consequently, the data. Accordingte Stem and Holbrook (1994, 
16), gender influences interpretation and interaction in a group on many levels. Previous research ( e.g. Smith-Lovin 
& Brody 1989, 432; Deacon, Pickering, Golding & Murdock 1999, 56) suggests, for instance, that men interrupt 
women more than other men, and hence tend to dominate cross-gender conversations. Besides, both genders have a 
tendency to perform for each other (Daymon & Holloway 2002, 191). According to Stewart and Shamdasani (1990, 
37), stereotypical gender differences in aggressiveness (men being considered more aggressive), dependency 
(women conforming more to the group pressure), social orientation, and emotionality (women being more sensitive 
and better able to interpret emotions than men) can influence the discussions. Thus, according to Morgan (1996, 
143), especially when gender issues are of interest, it is advisable to conduct separate groups of men and women. 

To minimize gender influence, separate groups of men and women were used in this study. Beside~~groups were 
homogenous ·in the sense that all the participants have been exposed to the topic of the study (cf. Byers & Wilcox 
1991, 65). On the other hand, to assure the widest possible age distribution, the participants were invited from three 
different age segments: young (18-35), mid (36-50) and older adults (50+). In each group, there were two 
representatives of each segment. According to Krueger (1988, 28), focus groups are ideally composed of complete 
strangers; in this study, most members were unfamiliar with each other before the sessions. As to social, political 
and economic characteristics, the groups might also have been quite heterogeneous among themselves but these 
features were not of interest in this study. 

The size of the group has a direct effect on the group dynamics: the larger the group the more formalized its 
structure needs to be (Chrzanowska 2002, 47). Lunt and Livingstone (1996, 82) consider a group of six to ten 
participants the best. In line with this, according to lmms and Ereaut (2002, 17, 81-82; see also Daymon & 
Holloway 2002, 192; Deacon, Pickering, Golding & Murdock 1999, 57; Hansen, Cottle, Negrine & Newbold 1998, 
270), a 'standard' focus group consists of six to nine respondents. Furthermore, according to Quible (1998, 29; also 
Byers & Wilcox 1991, 65), the common size of a focus group is 8 to 12 individuals. However, according to Forsyth 
(19907), even two people can be considered 'a group'. Thus, the size is variable, and according to Morgan (1996, 
146), clearly und~r the researcher's control. Smaller groups have been regarded more appropriate with emotionally 
charged topics, while larger groups can possibly work better with more neutral topics. Besides, smaller groups make 
it easier for the moderator8 to manage the discussions, and for each participant to fully express their feelings. 
(Morgan 1996, 146; Richins 1991, 74.) However, if there are only a few participants, group dynamics might not 
possibly work as well. On the other hand, large groups can get too noisy, making it hard for the moderator to 
distinguish the voices .. {Daymon & Holloway 2002, 192; Stewart & Shamdasani 1990, 10.) According to Daymon 
and Holloway (2002, 192), six members is appropriate for most focus group research purposes; it is -large enough to 
provide a variety of perspectives but small enough not to become disorderly. For this study, four focus groups were 
put together, each consisting of six members. The first two were conducted in Finland in November 2004 and the 
other two in California, US in February 2005. The subjects were a convenient sample ·of 6 finnish and 6 American 
men, as well as 6 Finnish and 6 American women. The ages of respondents varied from 20 to 61 years. As the US is 
racially a very diverse country, it would have been practically irnposs~ble to form representative groups in that sense. 

6 Original source: Axelrod, M. (1975) 10 essentials for good qualitative research. Marketing News, Vol. 8, 10-11. 
7 

as cited in Chrzanowska 2002, 47. Original source: Forsyth D. R. (1990) Group dynamics. Book/Cole: Pacific 
Grove, CA. · 
8 The interviewer is described as a 'moderator' when in the context of a group (Chrzanowska 2002, 9). The 
moderator (also sometimes called a facilitator) can be an outside person or the researcher herself/himself (cf. 
Daymon & Holloway 2002, 187; Hansen, Cottle, Negrine & Newbold 19_98, 273). Besides, there can be more than 
just one moderator in a group discussion ( cf. lmrns & Ereaut 2002, 80). 
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The r~spond~nts_ were a p~osi_ve sample of white Americans born in the United States; thus, the group did not 
constitute a s1gmficant racial mix~ 

Individual~ were contacted by phon~ and ~ked if they would be wiiling to participate in the discussions. Practically 
all ~~se contacted expressed enthusias~ m reg~d to participating in the study. (cf. Thompson 1996, 392). Each 
participant was ass~ed of full anon~nuty. The videotaped sessions (including the written protocols) ranged from 2 
to 2 hours and 30 mmute~, each session gene_rating verbatim written transcripts from 15 to 25 pages. The written 
protocols and the transcnpts served as the pnmary data on which the following results are based. 

When recruiting participants, also the aspect of using incentives has to be covered. Commercial research 
organizations usually pay focus group participants. In this study, the respondents were offered a small incentive for 
participation. Besides, coffee and cake were served during the sessions in order to relax the participants. ( cf. Stewart 
& Shamdasani 1990, 55.) 

(iii) The presence of the moderator is one of the key features of focus groups (Morgan 1996, 144-145; Quible 1998, 
30). The higher degree of control the moderator exercises, the more structured the discussion is. The moderator can · 
control the group with regard to asking questions ( e.g. directing attention to the important issues) or with regard to 
managing group dynamics ( e.g. trying to get everybody to participate equally in the discussion). Upon asking 
questions researchers often follow a 'funnel-approach', i.e. proceed from the more general questions to the specific 
(Hansen, Cottle, Negrine & Newbold 1998, 274; Daymon & Holloway 2002, 196; see also Stewart & Shamdasani 
1990, 11, 76). Also in this study, the funnel-approach was adapted. 

The facilities should be planned carefully. A neutral, comfortable environment for the focus groups is important. 
The room should be big enough for everybody to be seated. The first two focus group sessions of this study were 
held in a university setting: at Turku School of Economics and Business Administration in Finland (autumn 2004). 
The other two focus groups were conducted in a business office in Escalon, California (spring 2005). 

(iv) Fourthly, data analysis: accor4ing to Carey (1994, 233), the analysis and interpretation of focus group data is 
similar to other qualitative data analysis, only added with the dimension of the group context. The analysis is 
concerned with data reduction (summarizing the data into simplified patterns and categories) and interpretation 
(bringing meaning and insight into the words of the _interviewees). Finding patterns in the data enables the researcher 
to relate the findings to concepts and themes in the existing literature. On the other hand, theoretical concepts serve 
to arrange data and to understand them in a new way (Gunter 2000, 91). This, furthermore, helps to generate theory, 
new models or theory-based generalizations. (Daymon & Holloway 2002, 232-240.) In this study, the purpose of 
using focus groups was not to generate new theory, but to make theory-based inferences. 

In this study [like in Elliott, Eccles and Hodgson (1993) and Elliott & Elliott (2005) studies], the analysis was 
conducted in two phases as the data consisted of both written protocols and focus group discussions. Firstly, the 
written protocols were examined for emergent themes and relationships with the previous-literature. Then, -the focus 
group transcriptions were used to locate the gender representations and to derive categories of shared as well as 
differing beliefs, opinions and attitudes. Also Fischer and Gainer (1994) conducted an extended focus group study; 
however, the written protocols were used after the focus group sessions: each participant was asked to write a report . 
on what s/he thought the session had been about and whether the moderator had missed anything relevant to the 
topic. 

{v) After collecting and analyzing the data, the research is reported. Reporting is an act of synthesising and 
summarizing what has been said, and drawing inferences from the discussions (Calder 1977, 353). Besides, it is an 
act of relating the data to the research problems (Hansen, Cottle, Negrine & Newbold 1998, 281). 

In summary, the use of focus groups makes it possible to investigate how ~terpr~tations are collec~i~ely constructed 
through social interaction, and consequently, the research interest is rather m socially expressed op1mons and. 
discourses than in individual attitudes toward the ads. Whether the respondents like the ad or not was not the issue. 
Rather, the interviews attempted to examine consumer perceptions of masculinity and the role of advertising in 
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reflecting it. Moreover, like by Lunt and Livingstone (1996, 88), either diversity or consensus was allowed to 
emerge9

_ during the discussions. 

FINDINGS 
Emergent themes from the written part 
As adduced by Mick and Politi ( 1989, 89, 87), it is in the_ interests of advertisers to create one 'preferred' reading of 
an advertisement's message; however, in reality, there is no one reading: advertisements vary even in their surface 
structure so dramatically that the range of possible interpretation~ is practically limitless. This came out quite clearly 
in the written protocols of the participants. There were differences even between the denotative meanings of the ads. 
For instance, in 1973 Finnish mineral wool ad (Vuorivilla) not all participants 'saw' the piles of mineral wool that 
the man was carrying but the easiness of installation. Besides, instead of seeing just any one man in the picture, one 
participant coded him as 'a Finnish man'. As expected, the connotative level codings varied even more: where one 
male participant considered, in OxiMagic 2003 ad, the product " ... to be sent from heaven to clean soiled and 
stained carpets and make things pure as snow", another discussant got " ... a feeling that the container [of 
OxiMagic] has crushed the man". Consequently, rather than .in the writings of the individual participants, the value 
of the written protocols lay in the activation and motivation of the group toward the upcoming discussion. 

Inferences from the discussions 
Inferences were drawn from the discussions, based on similarities and differences in beliefs, attitudes, and opinions. 
Thanks to the research setting, it was possible to make comparisons between genders (men vs. women, in tlie US 
and in Finland) and between countries (the US and Finland). · 

• What defines a [US/Finnish] man? 

Interestingly, both US men and women mentioned 'hair' first as a defining feature of a man. On the contrary, this 
aspect did not come out in the Finnish discussions. However, Finnish men and women shared other similar views of 
masculinity: a typical Finnish man has a serious, d~cisive look on his face. Besides, he is a hard worker, always 

'doing something. [A Finnish man is typically] "doing something, with his bare hands." The men in Finland also 
considered it typical for a Finnish man to be 'himself - natural, not trying to please others too much. 
Strength and confidence were terms that best describe the US man, according to both US women and men's 
discussions. However, the groups found it difficult to define a typical US man since there are so many versatile roles 
and expectations concerning men. Besides, the United States as a country is very heterogeneous. "/ think men are . 
more confused today about what a man is supposed to be. Masculinity is less defined " Both US groups did 
highlight the importance of work: "The man is still defined by his job, by what he does for living. " Overall, the 
definition of masculinity was rather culture-bound than gender-bound. 

• In your view, has the image of masculinity changed during the last 3 0 years? 

According to the discussants in all four groups, today's men have versatile roles whereas still in the 1970s, men 
were mostly considered as breadwinners and providers. Besides, there has been a change in priorities; nowadays 
men can be depicted as.fathers: -"Years ago, having your woman by your side was a priority. More recently or 
currently, having your baby is a priority. " (US woman) In both countries, the discussants saw the gap between men 
and women having narrowed. These findings are line with other studies (see e.g. Gauntlett 2002, 96-97) according 
to which gender identities have become more diverse and malleable, along the decline of traditions. 

• What is the role of advertising in moulding gender stereotypes? Does it mirror reality or does it create it? 

It has been claimed ( e.g. Gauntlett 2002, 99) that advertising, among other means of popular media, suggests 
lifestyles and forms of self-presentation, affecting gender identities. It seemed more likely to the US discussants to 
see the forcing role of advertising. According to both US women and US men, advertising both mirrors and creates 
reality; the role, however, depends on the product: "/ think it just depends on the product. If the product is one that 
needs to be used realistically, they are really trying to reflect it in reality, they want to sell it. [. .. ] If the product 

9 Some researchers require group members to work collaboratively towards a consensual product (Lunt & 
Livingstone 1996, 88). 
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indicates to more fantasy, you know, makes you feel more attractive, then I think it does its best to create reality." . 
(US woman) ''Advertising always pushes the limits. They don't sell the past. They sell the future. If you need to be in 
the future, you need to buy this product. " (US man) However, the Finnish men and US men shared a common 
attitude of the effects of advertising on,them personally: "I'm not influenced." (US man) Furthermore, the men in 
the Finnish group considered that rather than moulding gender stereotypes, advertising strengthens them. According 
to the Finnish women, advertising affects their expectations of men and besides, has an effect on their own 
expectations as to being a woman: "lfhe has 30jars of face cream, I have to have morel" (Finnish woman) 

• Some say that the use of human models in advertising may link the product too heavily _on particular 
gender or particular features of the person. How do you feel about this? 

In general, whether there is a human model in the ad or not, seemed not to be of interest to any of the discussants in 
both countries. In the United States, this was partly considered to be due to the reason that it is difficult to find a 
typical 'American' - and stereotyped images can sometimes isolate customers who cannot identify themselves with 
the model. "It's so hard to find a typical American. How diverse is this country?" (US woman) According to the US 
female discussants, whether there 'needs' to be a human model in the ad or not has to do with the nature of the 
product: the less personal the product is, the less _likely there should be a human model. "Some products are more 
personal by nature. [. .. ] To me paper towels are not a personal product. It has nothing to do with a person. You 
know, as opposed to deodorant." (US woman) From.ads, the Finnish groups claimed for entertainment, and smart 
humour was considered more important than having a person in the ad. "/ think the best adverts are the ones where 
there is intelligent humour. It doesn't really matter if there is a man or woman. " (Finnish woman) 

.. • It has been said that effective role portrayals are a function of an appropriate match between the gender of 
the depicted model and the gender image of the product, the setting of the portrayal, and realism of the 
portrayal. What do you say about that? 

The US groups were more coherent about the statement and underlined the importance of linking all these elements. 
According to both ·men and women's groups, all the elements are needed in order to keep the ad together and gain 
attention from the targeted customers. "All those things.[. . .] You don't see an old guy with the deodorant or a 
woman arm wrestling another woman. Or a teenager with a hearing aid " (US man) However, it has been claimed 
(Bellizzi & Milner 1991, 72) that gender-identification of products is waning, and advertisers have begun to target 
previously gender-specific products at both genders (dual ge~der positioning1°). This finding was supported by both 
Finnish groups. "Because the barriers between men and women in real life have diminished, a company or a 
product should not profile itself as a 'man's or a woman's only'. By doing so, they would lose half of their 
customers." (Finnish woman) However, according to a Finnish male discussant: "Advertising men's underwear on 
wome~ is possibly not a very good idea. " 

DISCUSSION 
According to the findings of this study, the statement (cf. Kimmel & Tissier-Desbordes 1999, 3) that gender is 
culturally defined proved out to be tenable: the definition of a 'typical' American/Finnish man was more culture
bound than gender-bound. In general, there were more similarities within cultures than between genders. However, 
there were some cross-gender similarities in the responses; both µs and Finnish men denied the influence of 
advertising on them as individuals. In general, all the groups elicited a shift from a traditional 'breadwinner' . 
masculinity to more diversified roles; the definition of masculinity seems to be in transition in both countries. On 
the basis of the discussions, advertising seems to have an influential role in moulding gender roles; however, this 
was considered to vary between different product categories. Interestingly, particularly among women 
in Finland, the ways masculinity is represented in advertising seemed to create, besides expectations of men and 
masculine ideals, expectations concerning their own femininity. 

1° For example, repositioning traditionally female-dominant products, such as household cleaning products, towards 
men (cf. Elliott, Eccles & Hodgson 1993, 313). 
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LIMITATIONS 
· Finally, limitations of this study must be acknowledged. Firstly, it should be noted that the results of the study are 
suggestive, not definitive, as often is the case when using qualitative methods. Secondly, even though the emphasis 
in the written protocols was on the visual imagery, some subjects might have paid more attention to the linguistic 
information than others, thus, gaining insights to their visual analysis (cf. Mick & Politi 1989, 89). Thirdly, it is 
likely that there were some instances of socially desirable responding in the groups; however, measuring the amount 
of distortion between expressed attitudes and actual behavior was beyond the scope of this research ( cf. Elliott & 
Elliott 2005, 17). Finally, on the basis of this study it is not possible to distinguish what the exact role of advertising 
- among other popular media- is in circulating masculine ideologies (cf. Holt & Thompson 2004, 427; Gauntlett 
2002, 250-251 ). 
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NONVIOLENCE (EVEN PEACE!) IN MARKETING AND THE MEDIA 

Kaylene C. Williams and Al Petrosky 
,California State University~ Stanislaus 

INTRODUCTION 
Marketing activity p_articularly in the media often gets blamed for contributing to violence and teaching people to be 
aggressive. For example, products such as video games and war or wrestling toys typically exhibit and.reinforce 
fighting behavior that may make individuals more prone to act violently and injure themselves or others. In 
addition, various media and television programs may depict fighting or killing that in tum ends up making society 
more accepting of violence. 

Is violence learned from various marketing acti"vity and the media? If so, can violence be unlearned? Can peace be 
taught and learned instead? Does the use of violence really bring about peace? (McCarthy, 2005; Kashtan, 2002a; 
O'Connor, 2001) More specifically, violence in schools has been met with student ID badges, metal detectors at the 
doors, police in the hallway, experts, national conferences on yduth violence - but, can we teach our children and 
ourselves peace? McCarthy (2005) offers evidence that peace education is gaining ground even though various 
school boards and assorted bureaucrats can at times set up obstacles. If this is the case in schools, might marketers 
be able to use the neutral tools of marketing and the media for societal peace education? 

The purpose of this paper is to describe peace, violence and its causes, and nonviolence in terms of their effects on 
individuals and society as a whole. The question of whether or not marketing and the media promote violence will 
be examined. Additionally, specific communication tools for creating peace and nonviolence will be provided . . 

LET US BEGIN WITH PEACE 
The authors define peace as a harmony wherein people are united and are encouraged to have a common sense of 
solidarity or connection. Peace is a state of harmony and unity that is beyond conflict and which can definitely be 
realized, that is, interests and conflicts of ideas can be overcome. Peace is not merely a static state of mental laxity 
and quiet but a dynamic interplay of creation and harmony, much like music resulting from the dynamic 
performance of a symphony orchestra. (Shinozaki, 2001) 

P~~ce or harmony can be described in terms of four different ievels (Shinozaki, 2001 ): 
1. Personal level of peace - Harmony is the ideal state of mind reached through self-cultivation. Peace must 

be attained through an attitude of peace or peaceful state of being in each and every person. Peace cannot 
be attained merely by changing social institutions. (Niwano, 1972) 

2. · Social level of peace - Society is relational and has an institutional harmony. Because all things are 
changing and in dynamic movement, the real state of rest lies in harmony of action or peace in action. 

3. Global level of peace -At this level of peace, international relations and institutions are harmonious and 
peaceful. A peaceful world is really dependent on-the efforts ofhumans " ... the person who wants t~ make 
this world peaceful should directly touch the suffering of the ordinary people in actual society, coming 
down to-the level of the general public, even though his own mind may be highly enlightened." (Niwano, . 
1977) . . 

4. Cosmic level of peace -: At this level, peace and harmony exist between humans and nature. That is, if 
humans attune to the fundamental energetic harmony of the cosmos, then they may discard their egos and 
be attuned to a natural oneness or peacefulness. 

Mattaini (2001) identified four core practices that can be useful in building peace. The first is to recognize . 
contributions and successes. When high levels of mutual reinforcement are used, then substantially lower l~vels of 
antisocial and problem behavior are likely to occur. The second core practice is to act with respect for oneself, 
others, and the environment. More specifically, this means giving up "put downs" and threats, using appropriate 
assertiveness, using recognition and rewards, being trained in the use of empathy, using clear and unavoidable 
sanctions, and using consistent consequences for adherence. The third core practice for building peace is share 
power to build community. This traditional Pueblo philosophy begins with the assumption that everyone has 
something valuable to contribute to the collective. As such, everyone's collective contributions are needed to 
produce optimal outcomes within social systems. The fourth practice is to make peace. Rather than focusing on 
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getting rid of what is not wanted, the focus is on what we do want. That .is, instead of focusing on conflict 
resolution, reducing violence, and anger management, maybe a more positive focus could be on healing 
relati_onships, restorative justice, recognition, respect, and peace itself. 

With regard to marketing, these practices of peace could manifest themselves in terms of target markets and the 
marketing mix variables. For example, ads that are multi-culturally insensitive to various target groups could be 
viewed as _lacking in a peaceful orientation and p-1ay even be interpreted as threatening. Also, achieving grace, 
simplicity, harmony, and safety in a product design or purpose may itself be a kind of peace. Hence, one aspect of 
marketing's manifestation of peace may include product or product-line decisions wherein ways are found to include 
peace and elements of peace in the product concept, design, and communicated story. Another aspect of peace in 
marketing could be the creation of products friendly to the environment or ads that stress the importance of qualities 
such as community, e.g., "we're all in it together." 

VIOLENCE AND ITS CAUSES 
Violence is the causing of injury to people or animals, or acting with the intent to cause injury ("Violence," 2005, I) . 

. The nature of violence can be physical as well as psychological. That is, it is more than just physical force. It is the 
effect of any dominating or power structure in oppressing, restricting, imprisoning, or harassing the people who live 
in it. ("Violence: What's It All About?", 2005; Martin, 2001) In a broad sense, violence is harming, stalking, 
bullying, beating, torturing, assaulting, killing, or taking the "life" of the nature in all things. For example, humans 

. selfishly harm, contaminate, and destroy nature. Therein, human existence is arrogantly felt to be superior to that of 
animals, plants, the earth, and each other. · 

Lessons from nature and the reality of living can teach us the way to coexist with other living beings. However, 
humans often fail to see nature's example, controlling and oppressing other living beings, acting in violence and 
aggression against them, and killing them. To top it off, human beings often are violent even while thinking that 
they are trying to live harmoniously and mutually help others. (Shinozaki, 2001) Very basically, human beings live 
their lives because of the sacrifice of other living beings and humans. With this understanding, human beings can be 
grateful and even give up their own hidden agendas to harm. 

Gandhi has been instrumental in terms of actuating and disseminating nonviolence philosophy. He believed that if 
one put his personal welfare first, he was committing violence to another because it was almost at the expense of 
another. In accordance, if someone accumulated personal wealth it meant that he or she was depriving another of 
needed goods and services. Gandhi believed in the principles of non-possession and trusteeship. He was concerned 
about a world that allowed some people to have significantly more than they needed when others did not have their 
basic needs met. (Firestone, 200 I) 

While a philosophy of nonviolence has shaped many social change movements, coercion and violence underpin 
many aspects of society. That is, the use of threat, coercion, and violence protect the interests of dominant groups 
within society. More specifically, the military, public force, corrective services, and courts oflaw are sanctioned by 
society to enforce compliance. Economic structures and unequal distribution of resources are often discriminatory 
and exploitive, protecting the interests of dominant groups. (Stuart, 2004) 

It should be noted that the "twentieth century was the bloodiest in history. Some one hundred million people were 
killed in war and, at any given time in the past few decades, perhaps two dozen wars were being waged around the 
world. Weapons of mass destruction were invented, built, deployed and further refined. There have been repeated 
cases of genocide." (Martin, 2001, 625) 

Evidence exists that violent acts are influenced by biological, psychological, and sociological factors. For example, 
biological factors may include genetics, neuropathology, brain infections and other medical illnesses, cognitive 
deficits, neurotransmitter function, trace minerals, mind-altering substances, mental illness, impulsivity, changes in 
structure or function of the brain due to trauma, and endocrinological factors. (Johnson, 1996) 

Evidence also shows that violence has some gender-specific aspects. That is, the single largest gender difference in 
women's and men's public opinion is in the use of force. Women as a whole consistently and from the start of 
modern polling, have been far more likely than men to express negative emotions about violence in all its abstract 
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and present reality forms. Nearly all women's advocacy groups employ exclusively nonviolent methods. (Costain, 
2000) . - , 

The psyc?ologist_ James _w. Prescott studied t~e causes of violence· from an anthropological sense and found that 
violence 1s·assoc1ated wit~ lack o~mother-ch1ld bonding, repressed sexuality, and punishment of children. It also 
has been suggested that violence 1s a phenomenon of the last 5-1 O thousand years, and was not present in pre
domestication and early post-domestication human societies. ("Violence," 2005) 

On a soci~l level, ~onflicts in perception can easily escalate to violence when a ferocity of feelings is-built up 
through intense and clever propaganda. This is amplified when arms are available and people believe in war or 
violence as the most efficient way of settling disputes. Some individuals and societies are attracted to violence 
because of the appeat of conspiratorial action, ~artyrdom, and eternal glory. (Varma, 2005) 

Violence typically does not occur without a warning or some gestation. Conflicts originate from differences in 
perception, i.e., likes or dislikes, truth or justice, and rights or interests. The mind decides the means by which one 
asserts one's perception. That is, conflicts and resulting violence originate in the minds of human beings. There is a · 
progression which leads (I) from the perception of differences to intolerance, (2) to the desire to eliminate what 
one cannot tolerate, (3) to engage in conflict to get rid of what one -cannot tolerate, (4) to use any means including 
violence to achiev_e victory in the conflict, and (5) to ·create a psychosis that justifies conflict as inevitable and 
necessary for the defense of a "sacred" victory. (Varma, 2005) 

It is important to note, however, that if violent conflict occurs as a step-by-step process, then it follows that changes 
in events or attitudes or thought at any step could forestall the violence. This intervention must decelerate feelings 
and promote the introspection of (Varma, 2005): 

I. How the difference affects oneself. 
2. Whether escalation will bring a solution. 
3. What the cost of the escalation will be in the short- and long-term. 
4. Whether there is a position that safeguards the rights or interests of both. 
5. Whether one can explore-and locate such a position, using dialog to review the facts, methods, and 

conclusions. 
6. Whether such a position can be found through mediation or arbitration. 
7. Whether the nonviolent means of truth, love, and awareness can result in a peaceful resolution of the 

conflict. Or, can a new balance of forces be created that supports the different positions and the nonviolent 
reconciliation of views or interests. 

This intercession is the opportunity to prevent the precipitation of violent conflict. Very pointedly, individuals can 
say "no" to violence and can progressively de-escalate with methods such as dialogue mediation, arbitration, 
nonviolent direct action, passive resistance, introspection~ and logical examination of the issues. (Varma, 2005) 
The success of these methods is fundamentally contingent on the presence of nonviolent action and, even more so, 
nonviolent communication. 

VIOLENCE IN MARKETING AND THE MEDIA 
In marketing, violence typically manifests as the suggestion of violence. For example, products like GI Joe, pugil 
sticks, and numchucks seem to be designed to promote or desensitize people toward violence. In addition, pricing 
fancy tennis shoes beyond the affordability of the likely target market may invite violent acquisition. Or, using fear 
appeals in various ads may invite the viewer of the commercial to anticipate potential harm coming to him/her, e.g., 
Michelin's "baby" campaign, American Express "Don't leave home without it," or the ad campaign promoting fear 
of identity theft. 

An additional concern to marketers is whether or not violent conte~t in the popular media such as televisio°:, video 
games, and music influence violence. This is a widely debated question. Violence does make many appearances in 
television and video games. In fact, violence in these media has led to censorship in extreme cases and regulation in 
others, e.g., television companies rate every program for violence and the Entertainment Software Rating Board 
rates video games. ("Violence," 2005; Cantor, 2003) 

Vandewater, Lee, and Shim (2005) found that family conflict is positively related to total electronic media use 
because children use media to escape family conflict regardless of violent or nonviolent content. Also, Proman 
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(2004) noted the continued substantiation of the hypothesis that violent media products lead to violence among 
children. For example, it has been shown that.v~olent content in video game~ is an especially strong link to violence, 
hardening children to unethical -acts (Proman., 2004; "Violence," 2005). Hughes and Hasbrouck (1996) found that 
television violence contributes to children's level of aggressiveness and subsequent violence and criminality. Felson 
(1996) concluded that exposure to TV violence probably does have a small effect on violent behavior for some 
viewers, possibly because the media directs the viewer's attention to novel forms of behavior that they otherwise 
would not consider. Murray (2003) has suggested that the past 50 years ofresearch demonstrates that we are all 
impacted by the violence on television and in other media. He has shown that there are three main classes of affects: 
aggression, desensitization, and fear. He argues that as a society we must come to terms with the effects of media 
·violence and develop ways to mitigate the influences of media mayhem. 

Even though television violence has exploded in the last decade, most of television remains nonviolent and promotes 
goodness, rather than savagery. As noted by Rosenberg (1990, I), 

· "It's traditional to seek a scapegoat for society's problems rather than searching for the actual causes. But we 
can't blame TV-a mere 50-year-old infant-for making·the world unsafe and ungentle. It wasn't TV that 
motivated God-fearing citizens to turn out in droves for public hangings in days gone by. It wasn't TV that 
motivated settlers to drive American Indians from their homelands in the 19th Century. It wasn't 'The 
Untouchables' or 'Hunter' that inspired the Nazis to slaught~r their 13 million victims. Did TV create apartheid, 
Si:3lin, Idi Amin, Papa· Doc, the Khmer Rogue or even Saddam Hussein?" 

In terms of music, many people are concerned with listening to songs containing violent lyrics. For example, 
consider Tool, "Jerk-Otr' (1992), "Someone told me once that there's a right and wrong. Punishment was cure for 
those who dare cross the line. But it must not be true for jerk-offs just like you. And maybe it's just bullshit. I 
should play God and shoot you myself." Martin and Collins (2002) found that violence is evident in a significant 
proportion of music videos, and that particular products are associated with displays of people-focused and object
focused violence. Anderson, Carnagey, and Eubanks (2003) examined the effects of songs with violent lyrics on 
aggressive thoughts and hostile feelings. They found that college students who heard a violent song felt more 
hostile than those who ·heard a similar but nonviolent song. Their research supports the hypothesis that exposure to 
violent media is causally related to the subsequent expression of aggressive thoughts, perceptions, and behavior in 
both short- and long-term frames. 

However, it remains that industries thrive only as long as they supply the public with what it wants. Marshall 
Rosenberg is the foremost expert in and founder of the Center for Nonviolent Communication. He is dedicated.to. 
understanding what motivates people toward violence and why some, even in dire circumstances, are moved toward 
compassion and peaceful resolution instead. He has studied and compared religions and the life stories of 
peacemakers like "Gandhi and Dr. Martin Luther King, Jr. In the process, he is convinced that the secret to 
peacemaking lies in the assumptions, images, attitudes, and approaches people use when communicating. (Sauer, 
2004) 

With regard to marketing and the media, he notes that the media have become the primary educator, even taking 
over for the family, peers, the elders, the church, and the schools. He states that he has seen rapid deterioration in 
TV programming, part-foularly with reality shows. He is working hard to get radically different programming. For 
example, he states, "I might show how I work in Rwanda with families involved in killing. I would bring together 
the person who did the killing and the family of the person killed, and you see in the beginning the hatred, the 
tension. But within an hour there is a radical transformation. If we could show this on television, it would give 
people a different view of what human beings are like- and it would be far more ·entertain:ing." (Sauer, 2004, El) 

WHAT IS NONVIOLENCE? 
Nonviolence can offer a framework to create a more peaceful, just society in which the notions of coercion and 
control are challenged. Nonviolence embodies a commitment to and passion for justice. That is, it is an action
oriented philosophy about creating social change that brings about a more just and peaceful society. (Stuart, 2004) 
At its most concrete level, nonviolence means abstaining from the use of physical force to achieve an aim 
("Nonviolence- What's It All About?", 2005). At its most abstract level, Gandhi used the term nonviolence to refer_ 
to our natural state of compassion when violence has subsided from the heart. For example, while our words may 
not be violent, they often lead to hurt and pain for others and ourselves. (Rosenberg, 2003a) 
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As noted by Dr. Martin Luther King, Jr., the philosophy and practice ofnonviole~ce has six basic elements 
("Nonviolence Training," 2): _ 

"I~ Nonviolence is resistance to evil and oppression. It is a human way to fight. · 
"2. It does not seek to defeat or humiliate the opponent, but fo win his/her friendship and understanding. 
"3. The nonvio~ent method is an attack on the forces of evil rather than against persons doing the evil. It seeks 
to defeat the evil and not the persons doing the evil and injustice. 
"4. It is the willingness to accept suffering without retaliation. 
"5. A nonviolent resister avoids both external physical and internal spiritual violence - not only refuses to 
shoot, but also to hate, an opponent. The ethic of real love is at the center of nonviolence. . . 
"6. The believer in nonviolence has a deep faith in the future and the forces in the universe are seen to be on the 
side of justice." 

Nonviolent action campaigns and politics often ·go hand-in-hand, e.g., challenging abuses by authorities, demanding 
social reforms, and protesting militarism and d·iscrimination. In recent years, the number of these nonviolent 
movements has increased, as has their success in advancing human rights and reforming repressive regimes. 
Nonviolence has become a deliberate tool for social change, moving out of solely being a religious or ethical tool 
into being an institutional method of struggle. · ' 

Nonviolence also_ has become a guiding framework for personal life and work as well as social and political life. 
Ten principles of nonviolence have been identified (Stuart, 2004): 

I. Nonviolence is a way of life and not just a tactic to use .in difficult situations. As such, individuals need to 
live life overall in a way that impacts wider levels of society in nonviolent ways. More succinctly, be 
committed to nonviolence in all you do. · 

2. Violence "of the fist, tongue, and heart" is rejected as a means of control and resolving disputes. 
3. There is an active commitment and action-oriented philosophy to create a more just and peaceful society. 
4. Peaceful and just strategies need to be used to bring about a peaceful and just world. That is, the means are 

consistent with the ends. 
5. To avoid coercion and force, power-with rather than power-over is used. Power is seen to arise out of 

relationship and is not a characteristic owned by individuals. 
6. Human beings are respected and seen as active, local and global agents capable of transforming themselves 

and their communities. As noted by Dr. Martin Luther King, Jr. in 1958, nonviolence "is directed against 
forces of evil rather than against persons who happen to be doing the evil. It is evil that the nonviolent 
resister seeks to defeat, not the persons victimized by evil." (Stuart, 2004, I 02) 

7. Love is the basis for action such that unjust systems are opposed while the perpetrators of the system are 
loved. 

8. A commitment to truth and openness continues to be fundamental to principled nonviolence. 
9.· Many advocates of nonviolence value spiritual beliefs and qualities and have been motivated by spiritual 

beliefs. 
I 0. There is a wi11ingness to suffer voluntarily so that positive change may occur and involuntary suffering 

might end. 

In addition to these guiding principles of nonviolence, typical nonviolent tactics have included strikes, boycotts, sit~ 
ins, pickets, mass demonstrations, draft refusal, sanctions, petitions, parades, walkouts, contestation of public space, · 
tax refusal, resignations, hunger strikes, vigils, destruction of symbols of government authority, refusal to obey 
official orders, and the creation of alternative institutions for recognizing political legitimacy and fostering social 
organization. (Zunes, 2000) The art and goals of these nonviolent tactics is to place maximum pressure on the 
opponent, sustain and increase the commitment of both moderate and active participants, shift allies to either active 
participation or increased allegiance, and move neutrals to become supporters. (MiJler, 200 I) 

With the use of these nonviolent principles and tactics, historical results have been massive with tyrants toppled, 
governments overthrown, occupying armies impeded, and human-rights-withholding political systems shattered. 
Entire societies have been transformed, suddenly or gradually, by nonviolent resistance that destroyed opponents' 
ability to control events. (National Council for the Social Studies, 2000) "In our violence-addicted world, where 
weapons of war are numberless, where minds are numbed to ever-increasing levels of violence, the call of spirit and 
the hopes of people still move forward, inching toward a future ofless despair, more possibility, a bit of dignity." 
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(Green, 1997, 46) As Qandhi said, "Everything you do will be insignificant, but it is very important that you do it." 
( Green, 1997, 46) 

Nonviolent sanctions have been used far more frequently than usually supposed and are not limited by the type of 
regim~ being opposed or by place or time. Nonviolence also has played a major role in undermining the power of 
repressive political regimes. As noted by Walter Sink ("Nonviolence," 2005, 1), "In 1989, thirteen nations 
comprising 1,695,000,000 people experienced nonviolent revolutions that succeeded beyond anyone's wildest 
expectations .. .lfwe add all the countries touched by major nonviolent actions in our century (the Philippines, South 
Afric~ ... the independence movement in India ... ) the figure reaches 3,337,400,000, a staggering 65% of humanity! 
·An this in the teeth of the assertion, endlessly repeated, that nonviolence doesn't work in the 'real' world." 

At its core, mobilizing and maintaining a popular nonviolent movement goes hand in hand with forming a civil 
society and sustaining democracy. Historically, nonviolent action has often been largely spontaneous. But, there 
also has been an expansion of conscious use of nonviolent action. For example, nonviolence has been used 
extensively by various movements including labor, peace; environment, gay rights, and women. No correlation 
exists between the degree of violence faced by nonviolent resisters and their likelihood of success. It actually has 
been found that a movement degenerates when its participants use violence. (Ackerman and DuVall, 2000) 

Nonviolence.has many advantages over violence: (1) compared to violence, nonviolence tends to reduce suffering; 
(2) violence tends to unify the opponent; (3) nonviolence is more participatory including women, children, the 
elderly, and.people with disabilities; and (4) with nonviolence the means and the desired end are c·ompatible, not 
like using violence to bring peace. Even though nonviolence has some significant benefits, nonviolence typically is 
not supported with the same resources and commitment as violence. Governments have typically been disinclined 
to support or even experiment with nonviolent action. (Martin, 2001) As noted ·by Marshall Rosenberg (2004), 
"The media can certainly contribute to a change in public awareness. But that raises the question: How to liberate 
the media from corporate dominance?" 

A ray of hope for the future may be the Internet. · In a strict sense, activity on the Net is nonviolent in that no one is 
physically hurt through e-mail or web sites (even though they may report or instigate violence). However, there 
may be psychological violence via attempts at domination in cyberspace, for example involving monopoly, 
censorship, disinformation, privacy, and surveillance. Nonviolent action theory can provide cyber insights for 
effectively meeting oppression both on-line and off-line. Insights from cyber-nonviolence also may be used to 
inform nonviolent action off-line. While there is considerable interest in Net activism, a strong synergistic link·with 
traditional nonviolent action methods needs to be developed. (Martin, 2001) 

NONVIOLENT COMMUNICATION: AN EFFECTIVE NONVIOLENT MEANS 
Nonviolent communication is a way to resolve conflict through communication and achieve agreement to meet 
everyone's needs so that individuals can live more fully (Kukla, 2004). The objective is not to get one's way but to 
create the quality of connection that will allow for everybody's needs to be fulfilled with no coercion (Watson, 
2002). It is practical and applicable for use in most situations from business to personal relationships (Laird, 2001 ). 
In terms of marketing and media, most businesses could benefit from improved communication. Nonviolent 
communication coulcfbe useful ~ecause it offers tools that make meetings more productive, improve employee 
morale and customer satisfaction, and prevent and resolve conflicts. (Baran, 2003) It allows full and honest 
expression without blame or criticism. In addition, it requires that we listen emphatically and even compassionately 
without hearing blame or criticism even when others express themselves in hostile ways. (Butler, 2005) 

According to Rosenberg (2003b), nonviolent communication is a way oflearning to "do" nonviolence, to relate with 
compassion. In this case, nonviolence does not mean "not violent." Rather, it refers to "a quality that a human being 
can develop in themselves, and which, when pr sent, would allow them, simply by their presence, to cause a room 
full of raging wild dogs to fall into gentle playfulness." (Belgrave, 1998, 1) As given by Lao Tzu (in Mitchell, 
1993): . 

"I have just three things to teach: 
Simplicity, patience, compassion. 
These three are your greatest treasures. 
Simple in action and in thought, you return to the source of being. 

439 



Proceedings of the 2006 IEMS Conference 

Patient with both friends and enemies, you accord with the way things are. 
C~mpassionate towards yoµrself, you reconcile all beings in the }VOrld." 

At its core, nonviolent communication,promotes "natural giving" ..:_ giving willingly from the heart. Communication 
at the level of heart allows connection in a powerful, enjoyable, and creative way. It helps individuals connect with 
themselves and others. For example, people in the workplace could actually feel supported, understood, 
strengthened, and nurtured. Work environments could be designed to promote connection between people and, 
hence, ~ on ma~irnum available power and creativity. Building power without human connection and heart can 
destroy people's self-esteem and create enormous suffering, physical ill health, and mental anguish. (Belgrave, 1998) 

Nonviolent communication incorporates a framework for guiding how to express on~selfhonestly and hear others 
empathically by focusing our consciousness on: observing. how and why we are each feeling as we do, what our 
underlying needs are, and requesting what each ·of us would like to have (Rosenberg, 2005). Each of these four 
elements in Rosenberg's basic model of nonviolent communication is described below with added elaboration 
(Rosenberg, 2005; Spencer, 1999; "Getting to the Core of Conflict," 2005): 

I. Observing what is actually happening in a situation without evaluation or judgment. That is, objectively 
listening to the messages coming from both sides of the conflict. Reading between the lines if necessary 
and prompting them to uncover their feelings and their needs. (E.g., . "I see three balls of dirty socks under 
the coffee table.") · 

2. Stating how we are feeling about this action. Rather than expressing what we think is going on, this 
requires expressing what~ going on. That is, present moment feelings and senses express what is "real" or 
"true" for us now. (E.g., "I feel irritated.") 

.. 3. Stating what we are needing about this action. Owning the truth in this way is respectful for all parties 
involved because ever-present feelings show up as merely symptoms of unmet and unconscious needs . . 
(E.g., "I need more order in the rooms the family shares.") 

4. Making a specific request about what each of us would like to have happen that will improve our lives. 
With this, there is a chance to create win-win solutions rather than forcing a one-sided lost. (E.g., "Would 
you be willing to put your socks in your room or in the washing machine?") 

The other person receives these four pieces of information and then gives his/her own. Paraphrasing back is utilized 
to make sure that both individuals are on the same wavelength. (Spencer, 1999) Another essent_ial component of 
nonviolent communication is to understand that all of our judgments of others reflect unmet needs in ourselves. 

"For example, if our partners want more affection than we want to give, we call them 'needy' and 'dependent.' 
But if we want more affection than our partners want to give, they are 'aloof and 'insensitive.' If a coworker is 
more detail-oriented than we are she is 'picky' and 'compulsive.' If we are more organized than our coworker, 
she is 'sloppy' and 'disorganized.' When we express our needs in [a judgmental] way, [] we increase 
defensiveness and resistance in the very people we c·are for most. We may not consider our thinking and 
language 'violent,' but the power to wound is undeniably present." (Rosenberg in Spencer, 1999, El) 

Morris (2005, I) offers these additional suggestions for giving a nonviolent response to personal violence: 
I. Your objectives must be reasonable. You must be fair and you must be able to communicate this to your 

opponent. _ 
2. Maintain as much eye contact as possible. 
3. Make no abrupt gestures. Move slowly. When practical, tell your opponent what you are going to do 

before you do it. Do not say anything threatening, critical, or hostile. 
4. Do not be afraid of stating the obvious; say simply, "You're shouting at me,'' or "You're hurting my arm." 
5. Someone in the process of committing an act of violence has strong expectations as to how his/her victim 

will behave. If you manage to behave differently - in a non-threatening manner, then you can interrupt the 
flow of events that would have culminated in an act of violence. You must create a scenario new to your 
opponent. · · 

6. Seek to befriend your opponent's better nature. Even the most brutal and brutalized among us have some 
spark of decency that the nonviolent defender can reach. 

7. Do not shut down in response to physical violence. You have to play it by ear. The best rule is to resist as 
firmly as you can without escalating the anger or the violence. Try varying approaches and keep trying to 
alter your opponent's picture of the situation. 
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8. Get your opponent talking and listen to what s/he says. Encourage him/her to talk about what s/he believes, 
wishes, or fears. Do not argue but at the same time do not give the impression you agree with assertions 
that are cruel or immoral. The listening is more important than what you say. Keep the talk going and 

. ke_ep it calm. 

Nonviolent communication is very useful and important in that people, communities, and the world can become 
more peaceful and caring toward one another through nonviolent communication. It also can improve family and 
interpersonal relationships, reducing conflict in day-to-day life. and work. In addition, nonviolent communication 
can help to maintain our humanity and values even in difficult circumstances. It can be used at the international 
level to bring about conflict resolution and even the reduction of war. At the very least, nonviolent communication 
can help us to develop empathy and understand the needs that are behind the actions. (Kukla, 2004; Rosenberg, 
2003b; Kashtan, 2002) 

SUMMARY 
·This article focused on how to build peace and nonviolence~ particularly through nonviolent communication. In so 
doing, peace, violence, nonviolence, and nonviolent communication were defined and elaborated. Also, the use of 
violence in marketing and the media was examined. Obviously,, building peace and nonviolence is a job for each of 
us in our life, however big or small it may look. It is a big job, an important job. As integral components of life, 
marketing and. the media can· make their conscious contribution as well. It is possible on all levels to say "no" to 
violence and "yes" to nonviolence and even peace! · 

"While some see the ultimate nonviolent future as a world in total harmony, others recognise that conflict will 
continue and that the key is how the conflict is waged. Such a nonviolent future will be just as filled with 
struggle as today's world, but the means will be entirely nonviolent. There will be large peace brigades for 
intervention, extended blockades, and intra-organisational campaigns of enormous scale. An extra complexity 
will be that the very conception of what counts as nonviolence will be under constant challenge, as contenders 
seek to appear more nonviolent than their opponents. As all sides lay claim to the mantle of nonviolence, a sort 
of 'nonviolence race' may eventuate. · 

"All this is far in the future. Today's media stories, histories, education and thinking still focus on violence, 
while nonviolent alternatives continue to develop with little funding or attention. But the concept of a 
nonviolent future is now on the agenda, and that is an enormous change." (Martin, 2001, 636) 
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A LEVEL CROSSING APPROACH TO THE EOQ MODEL WHEN DEMAND FOLLOWS A 
COMPOUND POISSON PROCESS 

Katy Azoury and V. Udayabhanu 
San Francisco State University 

ABSTRACT 
We apply level crossing techniques to derive the steady state distribution of net inventory when demands arrive 
according to an exponential distribution with rate A and each demand size is exponential with mean µ. We derive 
the optimal order up to level S for the stochastic model, and show that it is always lower than the traditional EOQ. 
The total optimal cost for the stochastic model is also lower than that for the EOQ model. We further demonstrate 
that the EOQ model overestimates costs for S smaller than the EOQ and underestimates costs for S larger than the 
EOQ. 

INTRODUCTION AND LITERATURE REVIEW 
Level ~rossing methods were developed to obtain_probability distributions in stochastic models. Brill and Posner 
( 1977, 1981) use the level crossing approach to analyze queues. They derive the stationary probability distribution 
of waiting time in M/M/R queues with first come firs·t served service discipline. Level crossing is an important 
component of the more general approach called the system point-method. This method analyzes a stochastic process 
{I(t), t 2'.: O}, where t represents time and l(t) is the state of the process. The state space is continuous. The process 
evolves over time whereby the state undergoes upward or downward jumps that occur according to a Poisson 
process. The upward and downward jumps are independent of each other. Moreover, the system point method 
examines a sample path of the process that represents a typical realization of the stochastic process over time. Based 
on the sample path, one usually can develop equations in terms of the stationary distribution of the system state. 
The derivation of the equation is intuitive and is an extension of the rate in = rate out principle. An overview of this 
method has appeared in Brill (1996, 2000). 

In this paper, we consider continuous review inventory model with random arrival of demand and random demand 
sizes. Continuous review inventory models have been studied by many authors with various assumptions. Often, the 
analysis relied on classical renewal theory methodo_logy as in Sabin (1979) and in Altiok (1989). There have been 
some papers that extended the level crossing approach from its initial queuing application to the case of continuous 
r~yiew inventory models. The first such work by Azoury and Brill ( 1986) derives the steady state distribution of 
inventory level while also modeling decay in inventory level. Azoury and Brill (1992) study the case of continuous 
review inventory with random lead time and apply the level crossing method to derive the stationary distribution of 
net inventory .. Brill and Chaouch (1995) consider the EOQ model with variations in demand rate at random points in 
time. Mohebbi and Posner (1999) use level crossing methodology to derive the stationary distribution of inventory 
level under continuoqs review. with lost sales and emergency orders. They also derive exact expressions for the 
average cost rate functions. Berman et al (2005) consider a production/inventory model with different clearing 
policies and issuing policies. They derive .the stationary distribution of the buffer inventory using the level crossing 
approach. 

In the rest of this paper, we describe our model, develop an expression for the optimal order quantity, and present 
computational results. · 

MODEL DESCRIPTION 
Consider an inventory system where demands arrive according to an exponential distribution with rate A and each 
demand size is exponential with mean µ. Replenishment is instantaneous and replenishment orders_ are issued when 
inventory level goes down to zero. The model we study is similar to the classical EOQ model. 

For our model, we describe the effect of demand randomness on how the inventory level evolves over time within 
an order cycle. At the start of a cycle, the inventory level is S. It stays at that level for a random interval of time 
with mean I/ A until the first demand occurs. At that point the inventory level drops by a random amount 
representing the demand size. The mean demand size is µ. The inventory remains at that level until the next demand 
occurs and then drops by another random amount. This process continues until the total realized demand is greater 
than or equal to S. When this happens, the inventory level has reached zero or below. At this point the cycle ends 
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and an order is triggered to bring the inventory level up to S. In this case, the order quantity typically varies from 
. cycle to cycle. The sample path for the inventory level is given in Figure I .below. 
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Our model differs from the classical EOQ model in two main aspects. While the classical EOQ assumes constant 
demand rate D, we model the demand by a compound Poisson process. Further for the classical EOQ model, the 
order quantity equals the order up to level, a characteristic that does is not found in our model. As a consequence, 
the goal in our model is to det_ermine the order up to level S. 

We lay out the approach we follow to solve and analyze our model. The inventory level is a stochastic process {l(t), 
t 2::. 0} because of the way we model the demand. We are interested in the steady state distribution of the inventory 
level as t--+ oo. To get this distribution, a typical sample path representing a realization of the inventory level mus~ 
be generated. With the sample path in hand, the level crossing methodology can be applied to develop equations m 
terms of the stationary pdf of the inventory level. These equations must be solved to obtain the exact form of the 
stationary pdf of inventory level. One can then write the expected total cost function in terms of the stationary pdf 
and use standard optimization methods to determine the optimal order up to level. In the next section, we show how 
to use the sample path and develop the analytical results. 

ANALYTICAL RESULTS 
In this section, we illustrate how the level crossing technique can be applied to our model to derive the steady state 
distribution of inventory level. The derivation utilizes the sample path shown in Figure I above. · 

We use the following notation: 
S = Order up to level 
H = Inventory holding cost per unit of inventory per unit time 
C = Fixed cost per order 
A = Demand arrival rate per unit time 
µ = Mean demand size 
t'{x) = Stationary pdf of inventory level x 
Ils = Probability that inventory level equals S 

Referring to the sample path in Figure I, we write model equations for Ils and f(x) by equating up-crossing rates to 
down-crossing rates. · 

Level S is an atom with probability Ils. The rate· out is shown below on the left hand side of equation (I) as the 
product of the demand rate A and the probability of being in state S. This produ~t represents the rate ofleaving state 
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S. The inventory level r~turns to state S each time the inventory ·drops below level zero. So the rate into state Sis 
equal to the down-crossing rate _of level zero, which is shown on the right hand side of equation (I). The first term 
on the right hand side is the product of the demand rate and the probability of being in state Sand having a demand 
size bigger than S, thus bringing the inyentory level below zero. The second term has a similar interpretation. It is 
the product of the demand rate and the probability of being in any state y between zero and Sand having a demand 
jump bigger than y. 

(I) 

We now equate the down-crossing and up-crossing rates for any inventory level x between O and S. The first term on 
the left hand side is the rate of down-crossing level x from state S, while the second term is the rate of down
crossing level x from any level y, where x < y < S. The right hand side, as mentioned above, is the down-crossing 
rate oflevel zero, which equals the· up-crossing rate of all levels as a consequence of the replenishment policy. 

s . . s 
lllse -µ(S-x) + l f e -µ(y-x) f(y)dy = lllse -µS + l f e -µy f(y)dy (2) 

y=x y=O 

The distribution of the inventory level must satisfy the normalizing condition shown in equation (3) below. 
s 

ns + I f(y)dy = 1 (3) 
y=O 

To solve for f{x), O<x<S, we take the derivatives of both sides of equation (2) with respect to x. This yields 
equation (4) below. Note that the right hand side of equation (2) is a constant, and hence, its derivative is zero. 

s 
lµIl e -µ(S-x) + ?i,µ f e -µ(y-x) f(y)dy - lf(x) = 0 (4) 

S y=x . 

Rearranging terms in equation (4) and using the relationship in equations (1) and (2), the density f(x) is given by 
s . 

/(;) = µIl Se -µ~S-x) + µ I e -µ(y-x) f(y)dy = µTIS (5) 
y=x 

One can solve for Ils and f(x), O<x<S, by applying the relationship in equation (5) and the normalizing condition in 
equation (3). The continuous part of the distributi~n f{x) is uniform and is given by 

µ 
f(x)=--

1+ µS 
The probability at the atom Sis given by 

1 
TI --

s-l+µS 

(6) 

(7) 

The expected total cost function ETC per unit time is the sum of the expected order cost and the expected inventory 
holding cost and is shown below in equation (8). 

. s 
ETC= cJns + HSTis +HI yf(y)dy (8) 

0 . 

Using (6) and (7) above, we can write the ETC as fotlows: 
2 

ETC = ~ + HS + HµS (9) 
I + µS 1 + µS 2(1 + µS) 

The first and second derivatives of this expectecJ cost' function with respect to S are as follows: 

8ETC Hµ
2
S

2 

-- = -- + HµS + (H -C?i,µ) (10) 
as 2 

a2 ETC µ(UµC - H) 

-;;;r-= (1+µS)3 
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The second derivative -is positive when 
2lµC >H (12) 

.Thus the·total expected cost function is convex in S when inequality (12) is satisfied. 
The optimal S that minimizes the total expected cost can be determined by setting the first derivative of ETC in 
equation (I 0) equal to ·zero. The -first order condition is a quadratic in S. Solving for the optimal S yields 

• (.J (2Clµ I H) - 1) - 1 
S = ~---~- (13) 

µ 
The widely used classical EOQ model assumes a deterministic and constant demand rate D per unit time. The ratio 
Alµ _in the stochastic model represents the expected total demand per unit time. Thus the·classical EOQ model 
represents the average case scenario for our stochastic model ifwe set D equal to Alµ. Therefore, .the EOQ model 
with D equal to Alµ can be viewed as an approximation to the stochastic model that ignores the effect of randomness 
in demand. To assess the consequences of using the approximation, we compare the performance of our stochastic 
model with that of the classical EOQ approach when Dis equal to Alµ. Note that the total cost per unit time for the 
classical EOQ model is: · 

TC = CD + HQ (14) 
Q 2 

where Q represents both the order quantity and the order up to level. In this case, the optimal order up to level is 
given by: 

. • ✓2DC Q = -
H 

(15) 

We have designed numerical experiments to compare the order up to level and the minimum cost for the stochastic 
model and the classical EOQ model. We describe the numerical experiments and report the results in the next 
section. 

NUMERICAL RESULTS 
We have designed nine computational trials by varying the model parameters. Examination of the total cost 
expressions in (7) and ( 12) indicate that the ratio C/H is the relevant factor rather than the individual values for C 
and H. Therefore, we varied the ratio C/H over three settings, namely, 50, 25, and 10 for both models. The 
computational trials are repeated for three settings of the average demand rate per unit time Alµ or D. The three 
settings are 416, 1248, and 650. Table 1 below shows the results for the different parameter settings that yield the · 
nine computational trials. s• and Q• are the optimal order up to levels for the stochastic and the classical EOQ 
models, while ETC• and Tc• represent the corresponding optimal total costs for these two models. The last row, 
ETC(Q\ gives the expected total cost of the stochastic model evaluated at the optimal EOQ, nam~ly, Q•. 

TABLE 1 

Trial 1 2 3 4 5 6 7 8 9 
C/H 50 25 IO 50 25 IO 50 25 IO 
,Jµ 416 416 416 1248 1248 1248 650 650 650 
D 416 416 416 1248 1248 1248 650 650 650 
s· 199.92 140.17 87.13 347.22 243.73 151.87 200.00 123.21 52.47 
Q. 203.96 144.22 91.21 353.27 249.80 157.99 254.95 · 180_.28 114.02 

ETC. 407.84 576.67 911.26 706.44 998.91 1578.73 500.00 692.82 1024.70 
Tc• 407.92 576.89 912.14 706.54 999.20 1579.87 509.90 721.11 1140.18 

ETC(Q) 407.92 576.89 912.14 706.54 999.20 1579.87 509.90 721.11 1140.18 

The above table shows that the optimal order up to levels• is lower than the optimal Q• in all cases. This can also be 
deduced by comparing equations (13) and (15). Replacing Alµ with Din equation (11), we get 

s• = ✓(2CD - I )-_I_ . (16) 
H µ2 µ 
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which is smaller than o•. Note that the difference is more signifi t ~ II ·Th. • • . 
h d d • . 1 can ior sma µ. 1s IS expected smce the size of 

eac eman Jump IS arger for small µ. So the EOQ model is not a good · · h d • 
I 

approx1Illat1on w en emand Jumps are arge. 

Further, the opt~al expected total_ cost ETC* for the stochastic model is smaller than the optimal total cost TC* for 
the EOQ model m all cases. The difference is also bigger for large demand · 
Finally, in Table l, the last ro~ sho_ws the expec!ed total cost ETC evaluate~u:~~ e uals the o timal EOQ cost 
TC*. Thus, the two cost functions mtersect at Q . q p 

A second c~mputati~n~l comparison .w_as based on the following parameter settings: C/H equals 1 O and )Jµ equals 
650. For this case S_ . 52.47 and Q - 114.02. The expected total cost ETC and the total cost TC were computed 
for values of Q rangmg from 25 to 200. These ~ost functions are shown in Figure 2 below. 
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Based on these results, we note that the EOQ approach is overestimating cost for Q below Q* 
and un~erestimating cost for Q above Q* when compared to the stochastic expected cost ETC. The two costs 
intersect at Q*. Therefore, the only time the EOQ model measures the cost correctly is when Q = Q*. Moreover, the 
total EOQ cost rises less steeply than the stochastic expected total cost for high Q values and the opposite situation 
prevails for low Q values. 

In Figures 3 and 4, we plot the ordering costs and the inventory holding costs for both models for the same case 
discussed above with C/H equal to 10 and )Jµ equal to 650. The order up to level varies between 25 and 300. It may 
be observed that the classical EOQ model overestimates ordering cost and underestimates inventory holding cost for 
all values of Q. · 

CONCLUSION 
In this paper, we have used the level crossing approach to derive the exact form of the steady state distribution of 
inventory level when demand follows a Poisson process. Using this steady state distribution, we derived closed form 
expressions for the expected total cost per unit time and the optimal order up to level. We also designed and carried 
out numerical experiments to compare the expected total cost and the optimal order up to level of the stochastic 
model with the traditional deterministic EOQ model. These closed form derivations as well as the numerical results 
have given us valuable insights into the implications of using the deterministic EOQ model to approximate the 
behavior of an inventory system that faces a random demand environment. 
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In future work,. we plan to extend this research to the case of demand with both a random and a deterministic 
component. We feel that the level crossing approach.provides a promising tool to derive steady state distributions of 

· µiventory levels wh~n the system experie_nces randomness. 

FIGURE3 

COST 

4600 

4000 

3500 ·-.r 
3000 

·. 
2500 ·. 

2000 

1500 

1000 

500 

0 

0 100 200 300 

ORDER UP TO LEVEL 

FIGURE4 

COST 

1800 

1600 

1400 

1200 

1000 

800 

-eoo 
400 

200 

0 

0 100 200 300 
ORDER UP TO LEVEL 

449 



Proceedings of the 2006 IEMS Conference 

REFERENCES 

· Altiok,T. (1989), "(R,r) Production/Inventory Systems", Operations Research, 37, 266-276. 

Azoury, K.'and Brill, P.H. (1992), "Analysis ofNet Inventory in Continuous Review Models with Random Lead 
Time", European Journal of Operational Research, 59, 383-392. 

Azoury, K .. and Brill, P.H. (1986), "An Application of the System-Point Method to Inventory Models under 
Continuous Review'', J. Applied Probability, 23, 778-789. 

Berman, 0., Parlar, M., Perry, D., and Posner, M.J.M., (2005), "Production/Clearing' Models under Continuous and 
Sporadic Reviews", -Methodology and Computing in Applied Probability 

Brill, P.H. (2000), "A Brief Outline of the Level Crossing Method in Stochastic Models", Canadian Operations 
Research Society Bulletin, 34 · 

Brill, P.H. (1996), "Level Crossing Methods", Encyclopedia of Operations Research and Management Science, 
Kluwer Academic Publishers, 338-340. · 

Brill, P.H. and Chaouch, B. A., (1995), "An EOQ Model with Random Variations in Demand", Management 
Science, 41, 927-936. 

Brill, P.H. and Posner, M.J.M., (1981), "The System Point Method in Exponential Queues: A Level Crossing 
Approach", Mathematics of Operations Research, 6, 31-49. 

Brill, P.H. and Posner, M.J.M. (1977), "Level Crossings in Point Processes Applied to Queues: Single Server Case", 
Operations Research, 25, 662-673. 

Mohebbi, E. and Posner, M.J.M. O 999), "A Lost-Sales Continuous-Review Inventory System with Emergency 
Ordering", International Journal ~f Production Economics, 58, 93-112. 

Sabin, I. (1979), "On the Stationary Analysis of Continuous Review (s,S) Inventory Systems with Constant Lead 
rimes", Operations Research, 27, 717-729. . 

450 



Proceedings of the 2006 IEMS Conference 

A PROCESS FOR STRATEGIC ANALYSIS IN SMALL AND MEDIUM SIZED 
MANUFACTURING COMPANIES 

Pete ,Caldwell, Etnre Kazancioglu and Ken Platts 
University of Cambridge 

INTRODUCTION 
The management or'manufacturing companies is complex. Managers require an understanding, not only of 
technological issues, but also of business issues. They have to manage systems of people, machines and money 
within an environment of social, political and legal factors. Furthermore, many industries are highly competitive and 
dynamic in terms of changing markets, evolving technologies, dynamic supply networks and so on. With all this 
complexity, it is very easy to lose sight of the goals of the business. The danger of this is the loss of a clear strategy 
and a tendency for the business to operate in a reactive manner, responding to each new crisis as it occurs. To avoid 
this, managers should endeavour continually to review the environinents within which their businesses operate, to 
identify competitive priorities, to set clear objectives and to dev~lop strategies for the effective deployment of their 
resources. In other words, managers need to carry.out a strategic analysis of their business, if they are to achieve 
ongoing competitiveness. · 

The problem is that most managers are heavily occupied managing the routine day to day operations, and have little 
time to step back to view the wider picture, to monitor new developments and to analyse and implement 
improvements in their own organizations. This is particularly so for small and medium sized manufacturing 
companies, who may not have the resources of large organizations. For the managers of such organizations to be able 
to carry out a strategic analysis, given their time constraints, then the analysis process needs to be as straightforward 
as possible. It needs to be supported by easily usable tools and techniques. This paper reports on the design of such a 
strategic analysis process, and il1ustrates its development and application in industrial case studies. 

BACKGROUND 
Managers need to be able to target their effort and attention to those parts of the business where it is most needed. 
Ideally, they would like an approach to apply, which would take a comprehensive look at their business, identify 
market opportunities, diagnose company practices and policies and provide an action plan to take advantage of the 
opportunities and eliminate threats. In essence, what is required is a strategy diagnostic tool. There are many 
different types of business diagnostic tool already in existence. We carried out a review of the most popular (Platts et 
al., 2005) and identified the main stages of these. We noted that existing diagnostics were biased towards operational 
issues, that they do not allow analysis at a strategic level, and that many do not provide an improvement plan based 
on the diagnosis. In essence, they do not fulfil the requirements of a holistic diagnostic process: 
"a repeatable process which stimulates an improvement in an organization by determining its priorities, evaluating 
its practices and performance against comparable models and benchmarks, envisioning an improved state and 
developing an action plan" (Platts et al, 2~05). - · 

We have continued work on the development of such a diagnostic by developing a strategic analysis front end, and . 
this is the work reported below. 

DEVELOPMENT OF THE PROCESS 
The strategy diagnostic and execution process can be described in four main stages, as below: The steps have been 
developed from those described by Platts et al, 2005. _The first three stages encompass the remit of a strategy 
diagnostic. It can be seen that the first two stages are represented as a SWOT analysis. The first stage is analogous to 
the external analysis of the SWOT framework, providing a list of opportunities and threats from which stra~egic 
alternatives are constructed. The second stage is analogous to the internal analysis, which aims to identify the 
strengths and weaknesses that could support or hinder the strategic alternatives. 
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Figure 1: The Strategy Diagnostic process 

Each stage of the strategy diagnostic is a process, with inputs and outputs. Each output is a useful deliverable in 
itself: the strategic alternatives, the diagnostic results, and the corporate and functional strategies. Most popular 
diagnostics only conduct the second stage; however, it is not ideal to conduct a diagnostic without consideration of 
the company's strategic environment. Similarly, it is not ideal to end the diagnostic process without recommended 
corporate and functional strategies and plans. Therefore, for a business diagnostic to deliver maximum benefit, all 
three stages should be performed. Moreover, a comprehensive strategy diagnostic should satisfy the following 
criteria: 
a) Each stage should have clearly defined input_s and outputs, and a procedure for converting the inputs into outputs 
b) The outputs from each stage should contribute to the inputs of the subsequent stage 
The following sections describe the development of the first stage of a strategy diagnostic tool that would fulfil these 
criteria. The tool has been tested on four companies at different stages of its evolution - an agricultural equipment 
manufacturer, a scientific equipment manufacturer, a contract electronics manufacturer and a manufacturer of 
electrical components. The first three are family owned, the fourth is a single business unit within a larger, public 
company. The cases are used throughout the paper to illustrate the development of the process. 

ST AGE 1: S'FRA TEGIC ANALYSIS 
The first step of most strategy processes is to analyse the situation in which the company operates (refs Aaker, 
Harvey-Jones). The analysis should identify factors such as changing market conditions, threats from competition, 
customers' purchase criteria, impending external pressures such as regulatory or economic changes, and so on. 
Existing strategy frameworks do not facilitate the surveying of data from all situational factors, but focus on specific 
areas (for example, PEST, Porter's five forces, the BCG growth-share matrix, etc). Thus they have to be used in 
conjunction with one another to build up a comprehensive view of the situation. There are a number of strategy 
processes in existence. that combine strategy tools (Aaker, 1998, Mills et al, 2002), but the difficulty remains as to 
which tools to use (to ensure completeness and prevent duplication). Moreover, when all the situational data are 
analysed, they have to be converted into a suitable format to be used as an input in the subsequent stage - the 
Functional Diagnostic. The strategic analysis process is shown in figure 2. 

Strategic Analysis 

Situational Analysis 

_ _.c:rodud-Mar1(e) 
! r-- Group 1 

' • i 
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i ! 

• c:rodud-Mar1(e) j Group 2 ! 
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Opportunities and Threats 

0 
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Produd-Mar1(et 
Group n 

Figure 2: The first stage: Strategic Analysis 
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Product-Market Grouping 

The company may produce goods that fall into different categories, o~ that are sold in distinct ways into diverse 
markets. A _numbe~ 0_f ap,proa~?es for ~rod_uct-market gr~u?ing exi$t. Mills et al. (2002) used two criteria, 
"tec~ologicaUy suml~ and con:ipetm~ m ~he market m identical ways" to identify different product groups. 
Koch s ( 1995) 12-step segmentation mixer' uses several product and customer related criteria together with a 
~g tool t~ segment p~oducts ~d ~ar~ets. Value-creation has traditionally been accepted as occurring within the 
design, sourcmg, production ~d d1stnbut1on activities, and value-capture within the marketing and selling activities 
(Porter 1980), more recently it has been proposed that value can be captured at any stage of the value-creation 
process (Livesey, ~006). For example, intellectual property may be sold, spare production capacity may be licensed 
out, storage capacity may be rented. 

If the goods' value is created in sufficiently similar ways, the goods are deemed to be in the same product group. For 
example, two products would be considered to be in the same product group if they were designed, sourced and 
produced in similar ways using similar technologies. However, if one of them required significantly more design 
work, or were produced to a much higher specification, or were outsourced rather than manufactured in-house, then 
it would be put into a separate product group. Likewise, if the goods' value is captured in sufficiently similar ways, 
the goods are deemed to be in the same market group. For example, a product sold to two customers would be 
considered to be in the same market group if both customers purchased on the same order-winning-criteria ( e.g. 
solely on the basis of price) and were in comparable markets. However, if one customer purchased on the basis of 
lead-time, or were in a market with unique characteristics, then the product would be classified under a separate 
market group.The term "product-market group" is therefore defined to describe a group which comprise of goods 
whose value is created and captured under similar conditions. It makes sense to focus attention on each product
market group seperately during the situational analyses since the situation could be different for each group. 
Threfore, a framework is required to identify product-market groups bearing in mind that value can be captured at 
various stages along the value chain. 

The product-market grouping is conducted by the company's management team, using a Product-Market Network 
Diagram as illustrated in figure 3. -Products are considered with respect to their value-creation characteristics, and 
compatible products are grouped together. The product-groups are given names, for instance, 'high volume, low
spec', 'one-off projects', 'outsourced products', and are noted down. Then, each product group is considered with 
respect to its value-capture characteristics, and similarly-sold products are grouped. The market groups are given 
names, for instance 'commodity buyers ', 'R-0-W distributors', 'our largest customer', and are noted down. Linkage 
lines are drawn between the product groups and the market groups, and the number of lines indicates the number of 
product-market groups. The maximum possible number of product-market groups can be calculated by ~ultiplying 
the number of product groups by the number of market groups, but not every product group necessarily is sold into 
every market group, so the number of product-market groups is often less than the maximum. In Case studies 1 and 
3, six groups were identified, in Case studies 2 and 4, eight groups were identified. For each product-market group, 
the situational analysis is then carried out. Value creation and capture are revisited in mo!e detail later in ~e process. 

( Product-Market Network Diagram ' 

Product Groups Market Groups 

E:r>, PMG,1 -----1( Custom;r Type J 
\ -,,,,_ __ PMG-2 -......_ 

~ _-----~ ( Custom
8
erTypeJ 0 \\ PMG-3 - · _ _ 

·,--.... PMG-4 --......_ 

~ , ·,,_~ ( Customcer Type) o -----· PMG-5 - · _ _ 

Figure 3: Defining Product-Market groups 
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Situational Analysis 
There are many strategy tools and frameworks that facilitate analysis and depiction of strategic situations. A number 
of useful sources exist where these are collated and explained {Turner 2002, Kazancioglu et al 2005, 
www.vahiebasedmanagement.net). The tools and frameworks vary widely in scope and content, and careful 
selection of them is needed to minimize overlap and gaps in knowledge capture. During the development of this 
research, we haye arrived at a set of frameworks that facjlitates a comprehensive and efficient strategic analysis for 
each product-market group (figure 4). 

_Growth-Share Analysis 

Situational Analysis 

1. Growth-Share Analysis 

Identify mari(et growth-share p(!i' 
Objective product-mari(et group 

Tool Growth-Share Matrix 

2. Market Analysis 

Objective 

Tool 

Understand mari(et attractiveness and 
company's relative competitive position 
per product-mari(et group 

Fr:,e Forces 

STEEPLE 

3. Customer Analysis 

Understand company's alignment to 
Objective customer requirements 

Tool Value-aeation analysis 

. Value-capture analysis 

Figure 4: The Situational Analysis steps 

Firstly, it is necessary to understand the significance of each product-market group so that the functional diagnostic, 
and therefore the corporate and functional strategies, will favour the groups of higher strategic importance. The 
framework selected for this analysis is an adaptation of the BCG growth-share matrix (Stern, 1998). Although the 
McKinsey-GE 'industry attractiveness' matrix (developed in the 1970s for McKinsey's consulting engagements) is 
an enhancement over the growth-share matrix, being more comprehensive in its scope and operating at a higher level 
of resolution, it was_ decided nevertheless to use the growth-share matrix. This was mainly due to its renown and 
wide acceptance, as well as the fact that the additional data required to build a McKinsey-GE matrix are not 
identified or analysed at this stage of the strategy diagnostic process. As the Figure 5 shows, the BCG matrix has 
been modified slightly so that the axes of market growth and market share originate from the bottom-left comer. This 
is so that the axes run in the tradifionally accepted direction and are therefore aligned with other two-by-two matrices 
in the strategy-diagnostic. Additionally, the size of each circle is set to reflect the proportion of turnover that each 
product-market group .c_~ntributes. Gross margin can also be depicted by showing the circles as pie-charts. 

When the growth-share matrix has been populated, opportunities and threats arising from the analysis are 
brainstormed and recorded on the SWOT framework. For example, in Case study 3, an opportunity to grow a 
question mark into a star was highlighted, and a threat of a cash-cow suffering due to decline in its industry. 

Market Analysis 
Now that the market growth and market share for each product-market group has been established, it is necessary to 
complement this with a more detailed understanding of the industry's attractiveness. This is gained from analysing 
the competitive threats (arising from strong customers, competitors, suppliers, entrants and substitutes), as well as 
any anticipated influential trends (social, technological, economic, environmental, and so on). Two frameworks are 
used to gain this understanding. 
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Growth-Share Matrix 
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~ :=: 8 
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~ ~ . 00 
Dog Cash Cow 

R~lal ive Market Share 

· Figure 5: Product-Market Groups- analysing market growth and market share 

The analysis of the competitive threats is carried out using an adaptation of Porter's 5-forces model (Porter, 1980). It 
is facilitated by a (non-exhaustive) guide-list to prompt inspiration, compiled from sources including Lambert 
(2002), Porter (1980), Aaker (1998) and Koch (1995). The degree of threat is estimated by the management team, 
and plotted, as shown in Figure 6. The analysis is enhanced with information regarding the leading competitor, and 
the forces it experiences. This helps to build up a comp1ete competitive picture. From the analysis, opportunities 
arising from relationships where the company is in a strong position, and threats from relationships where the 
company is in a weak position, are recorded on the SWOT framework. 

Product-Market Group x 

Ethical Socio-cultural 

/ • 
' 

• 
' ~ 

Legal ,-------.. 
l 

Suppliers 
I 
f. ····• ··· 
I 

'-----~·) 1 
~ ---Suppliers 

i 

! 

-~---, Company 

1 -

j ( M~;, 
! · ·· ·►l Competitors 

14 ··· 
j 

l 
i 
·f. 

i ·• --... ," j _ .. -

}-- ··J.•··· 
, _______ __; 

Customers 

Political Economic 

~Eavl=mental~ 

Figure 6: Analysing the market for-each Product-Market group 

Technological 

As well as the forces ~overed by the Porter framework, other trends may shape the competitive picture; for example, 
regulatory changes could increase the power that a customer has over the company; a change in exchange rates could 
influence a company's power over its supplier. Traditionally, PEST analysis (Political, Economic, Socio/cultural, 
Technological) has been used as a framework within which these trends are considered. More recently, this has been 
superseded by STEEP analysis (Socio/cultural, Technological, Economic, Environmental, Political), and by 
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STEEPLE analysis (Socio/cultural, Technological, Economic, Environm~ntal, Political-, Legal, Ethical). STEEPLE, 
_ being the most comprehensive framework, has beeri selected for the strategy diagnostic. As with the previous 
analysis, the tool is supported by a non-exhaustive guide list to prompt inspiration. Opportunities and threats from 
the STEEPLE analysis _that are not already captured by the five-forces analysis are noted and recorded on the SWOT 
framework. 

Customer Analysis: Value Creation and Value Capture 
At this point, a full analysis of the market attractiveness for each product-market group has been made, and the 
analysis shifts focus towards the customers' needs and the company's ability to meet them. For this, the concepts of 
value capture and value creation are explored again. 

Value is perceived by customers based on their perceptions of the usefulness of the product, and is captured when 
the product is sold (Bowman et al. 2000, Livesey 2006). Understanding customers' purchase criteria is a crucial st~p 
in the chain of creating valuable offerings that will eventually lead to successful value-capture. To understand why 
customers choose the company's goods over its competitors', the method outlined by Mills et al, 2002, is used. The 
company management team brainstorm and agree the order-qualifying and order-winning criteria, and weigh them 
from 1 to 9 (9 indicating the most important criteria). To facilitate this, an initial list of nine potential purchase 
criteria is provided, comprising price, quality of design, quality of conformance, delivery lead-time, delivery 
reliability~ innovation speed, brand inertia, humanitarian policy and environmental policy. This list is not exhaustive, 
and the managetnent team is encouraged to add other factors necessary to portray their customers' purchase criteria. 
If the team cannot agree the weight of a particular criterion, an average is taken and the spread is noted down. Next, 
the team score from 1 to 9 the company's performance relative to the competitors' in meeting the value-capture 
criteria. Scores of 1-3 signify worse performance, 4-6 comparable performance, and .7-9 ·better performance. The 
results including spreads of responses are plotted onto a performance I importance matrix (Slack, 1994) and 
opportunities and threats arising from the analysis are brainstormed and recorded on the SWOT framework. Figure 7 
shows the value-capture an_alysis for Case study 4. 
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Figure 7: Establishing the importance/ performance of value-capture criteria 

Now that the management team have established which criteria are valuable enough to swing the customers' 
purchase decisions, and the extent to which the company is meeting these criteria, it_ is no~ in a position to examine 
the value-creation stages under its control. It can assess which stages contribute the most value, and which. are simply 
required for subsequent stages to occur, or indeed. actually consume value (Livesey, 2006). This analysis provides a 
view of whether the portion of the value-chain that the company has chosen to occupy is optimal, and whether there 
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are value-creating activities that are not captured to the maximum extent d Id b b I · d Th I · . . . an cou e etter exp 01te . e ana ys1s 
1s ~onducted by drawmg a high-level process flow of the value-creating stages, and a number from -3 to +3 being 
estunated at each stage by the company management as shown m· figure 8 Opportun·t· c. • . . . . .. , . 11es 1or outsourcmg or 
elunmatm~ non-va]ue-creatmg stages or for explo1tmg untapped value-creating stages are then identified and 
recorded on the SWOT framework. 

Value Creation Analysis 
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3 L---------
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Figure 8: Establishing where value is created 

Determining and Prioritizing Opportunities 
At this stage, a wide-ranging list of opportunities and threats for each product-market group has been identified with 
respect to industry conditions, market share and growth, competitors, entrants, substitutes, suppliers, customers and 
value creation / capture. Each threat is converted to an equivalent opportunity to allow the Functional Diagnostic to 
establish whether it can be exploited. For example, in Case study I, a threat from a substitute product translated to an 
opportunity to neutralize or overcome the threat of substitutes. As the findings from all the strategy tools are 
translated to the same format (opportunities), they can now be prioritized. · 

The reason for prioritizing the opportunities is to focus the effort on those areas which most closely match the 
company's main objectives. (Kapl~n and Norton, 1996). The goal is to establish which of the opportunities are likely 
to deliver the company's aspirations in terms of fmancial and other objectives. At the primary level, the company's 
main objectives must be chosen by the company's owner or trustees; it is these objectives against which all 
opportunities are prioritized. The objectives may b~ fmancial, non-financial, or a combination. There is no limit to 
the number of objectives, but too many could cause conflict and lack of focus. For example, the main objectives 
from Case study 1 were ''to increase turnover by 25% and profit by 75% in 2 years", and ''to increase employee 
satisfaction by 20% year-on-year''. Each objective is given a weighting from I to 4 by the company management. If 
there the management team does not have a set of specific objectives, a more generic set of objectives such as those 
to increase firm value could be used (Damodaran, 2002). 

Whereas tools such as success-mapping, logic diagrams and cause-effect models are useful for revealing and 
evaluating the influence of factors that could influence a resµlt, particularly where multiple layers of influence exist, 
a simpler method has been developed for the prioritization. This is because only the first-order influe~ce of each 
objective is required. The method selected is that promoted by Covey (1989). Each opportunity is assigned a 
percentage score according to its importance and urgency with respect to each of the objectives. 'Importance' is 
simply a measure of the perceived match between the opportunity and the objectives. Urgency is more complicated 
as the measure of the opportunity's urgency has two components - the delay before it materializes, and the duration 
for which it lasts. If either of these periods is short, the opportunity could be said to be 'urgent'. The management 
have to bear both these components in mind when ass~gning a score. The scores are multiplied by the objectives' 
weightings, summed and plotted onto an importance/ urgency matrix (see figure 9). 
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Opportunity Ranking Matrix 
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Figure 9: Priont12mg the opportumt1es and threats 

The analysis can now be scanned, and opportunities (within and between product-market groups) which could be 
exploited in the same way, can be grouped. An example from C~e study 2 led to the grouping of 'develop new 
product', and 'improve understanding of the needs of customers'. Case study 3 allowed the grouping of 'increase 
sales in Europe' and 'increase sales in Ireland'. Where the opportunities contradict each other, as occurred in Case 
study 2 ('develop market awareness of the product's uniqueness and value' and 'reduce product price-'), then two 
strategic alternatives might arise. These should be treated separately in the diagnostic stage. Similarly, if the 
opportunities are too many, two strategic alternatives may be developed- one which considers all the opportunities, 
and another where only a limited number of opportunities are considered. 
The strategic analysis is complete at this point. This output on its own is a useful deliverable for the company's 
managers. However, the maximum benefit is realized when the strategic alternatives are used as an input to the next 
stage - the functional diagnostic stage - where the company's practices are assessed against each opportunity. 
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Figure 10: Linking the opportunities to the Functional Diagnostic 

CONCLUSION 
The process as outlined has provided a structured, consistent way for SMEs to gain a strategic overview of their 
companies. It allows visualization of business environment, markets and offerings and provides an understanding of 
how and where value is created and provided to the customers. The presented pro~ess provides a method to distil all 
this information into a few key "strategic opportunities", and to present them as a number of strategic alternatives. In 
this way, the process achieves its aims of providing a ''repeatable process for determining priorities." 
The strategy diagnostic is an advancement over existing operational diagnostic tools and strategy development 
processes for the following reasons: 
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• The strategic context is fully understood before the strengths and weaknesses are analysed. 
• Each stage has clearly defiped inputs and outputs, and a procedure for converting these inputs into outputs. 
• Outputs from each stage contribute to the inputs of the subsequent stage. · 
• Each stage provides a comprehensive and efficient analysis. · 

• Visual frameworks and models are used within each step to improve cognition and stimulate creativity. 
In the next phase of this research project, the process will be tested with more case companies to ensure consistency 
and comprehensiveness, and the functional diagnostic and action-planning processes will be incorporated. 
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PRODUCTION TESTING OF AUTOMATED DRUG-TEST KIT ASSEMBLY MACHINE 

Justin Caudle, Luke Delaney, Peter Verg~nz and Daniel Cox 
University of North Florida 

ABSTRACT 
An industrial law .enforcement resource manufacturer produces a self-contained, government acknowledged, drug
testing field kit product. Production of this kit is a high-volume, hazardous, labor-intensive task that requires a 
variety of configurations. An automated assembly machine has been designed and ir;nplemented for efficient drug
testing kit production and ·is tested for implementation into production reliability. 

INTRODUCTION 
Armor Holdings 
Armor Holdings[l], Inc. (NYSE: AH), listed on FORTUNE Magazine's 2005 "100 Fastest-Growing Companies 
List" and a member of the S&P Smallcap 600 Index, is a diversified manufacturer of branded products for the 
military, law enforcement and personnel safety markets. The company is a leader in all aspects of these fields to 
include: personal body armor, vehicle armor, crime scene investigation equipment, and vehicle warning light kits. 
One of their largest and most recognizable lines is the NIK brand, drug test field kit. The Narcotics Identification 
Kit is reliable enough that it meets the people's prima facie case burden. 

The Kit 
Th.e NIK public safety field test kit consists of a plastic pouch that contains a plastic cartridge that can hold up to 
three glass ampules filled with a variety of chemicals. There are assortments of different kits that can test for a wide 
variety of the most commonly abused drugs to include: cocaine, heroin, methamphetamines, marijuana, and LSD. 
To use the test, no lab is needed. Due to proven wet chemistry methods, the drug test can be completed on scene by 
a law enforcement representative. The officer simply places a small amount of the suspected controlled substance 
into the NIK pouch then closes the pouch. Then, systematically following a flow chart contained within the kits, the 
officer breaks the ampules in the kit one by one checking for color change of the mixed chemicals and comparing it 
to the flow chart. By following the chart, the officer can determine by appropriate color changes if the suspected 
substance is indeed a controlled substance. This is an invaluable tool in the war on drugs throughout the world. 

Background 
The scope of this project is research and development in a cooperative design and automation project between 
industry and academia. The partnership is between the University of North Florida (UNF) and Armor Holdings Inc., 
under the auspices of the Manufacturing Innovation Partnership [2,3]. By this and similar projects, an objective is to 
improve the technical education and preparation of the future workforce in the region via the Manufacturing 
Innovation Partnership Program. Project-centered innovations for technology transfer and experiential engineering 
education improve the training of the regional workforce with relevance to industry. Th~ focus is to create an 
environment that fosters innovations in current and new products, processes, and/or systems through project~ 
centered manufacturing and design a~tivities of mutual benefit to regional industry and academia. The outcomes of 
the project-centered activities are in the areas of design and manufacturing that increase the competitiveness of the . 
partner company through innovation. · 

A major focus of the engineering profession is to improve the quality of life for all workers. This project is no 
different in that it addresses a major ergonomic issue. · The current assembly process of the NIK kit is performed by 
manually inserting the numerous glass ampules into the plastic sleeves. This arduous repetition of the wrists and 
hands can cause medical conditions such as Carpal Tunnel Syndrome. 

The following describes the design process for automation and development of manufacturing automation for the 
Narcotics Identification Kit, a high volume product widely used in the field of law enforcement. Modifications to 
the previous product design, emphasizing design for assembly and automation are first reviewed [ 4,5]. With the 
new product design, an automated assembly process is developed and described in this paper with an overview of 
the hardware and control structure. The testing and test plans for the system is then the focus discussion of the 
paper. The entire project is an industry-academic collaboration in experiential engineering education. In the project-
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centered approach the students gain real-world experience while creating innovative solutions satisfying the needs 
of industry [3]. · 

DESIGN PROCESS 
Design Requirements · 
There are several design requirements that were set forth for the machine defining production rate, material 
selection, and machine tolerances [4]. Armor Holdings requires a production rate of a single completed sleeve every 
three seconds to meet their needs. Another guideline issued is a restriction on the use of materials that may be 
vuln~rable to corrosion or undesired chemical reaction due to exposure with the substances within the ampules. 
These substances range from chloroform to strong acids, such as sulfuric acid, and strict)y limited the material 
selection process. The product tolerances are also governing factors for the design. These included the varying 
length of ampules (averaging approximately 44mm), and the tight-fitting sleeves used in the manual insertion 
process. · For this automated manufacturing design project, the budget is important but not critical. The performance 
and durability of the machine have driven the design process. 

Design for Manufacturing Changes 
The current sleeve has been modified to accommodate the automation process. The previous sleeve design proved 
to be a tight fit fo_r the fragile ampules that could possibly break when loaded by an automated system. The 
modificati_ons incJude increasing the size of the sleeve diameter and to add rib-like features that protrude into the 
sleeve's cross-section spaced 120 degrees apart [3]. The sleeve needs to be marked during the assembly process, 
instead of prior, as the process is manually done to show ampule orientation. The design cost of the modified 
product is similar to the original extruded design since it is a minor change in the sleeve's cross-section, and not 
done by another more expensive manufacturing process. The original manufacturer of the sleeve has been selected 
to manufacture the redesigned sleeve. The rib design allows for the ampule to be inserted with less force, yet still 
allows snug contact with the ampule. The angle of the ribs provides compliance allowing the ampule (see Figure 1) 
to be inserted with less force than the previous design, yet spring back to position to keep surface contact on the 
ampule. The idea retains all of the agreed upon functional criteria; such as keeping the ampule's orientation, 
allowing the ampules to be broken while protecting the user during the test, and still keeping cost low. See Figure 2 
for the updated sleeve design, and Figure 3 for a sleeve comparison of before and after. 

Figure 1. Glass Ampule Figure 2. Sleeve 

Figure 3. 
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Automation Process Design 
The de~i~ objective has b_een tQ engineer a simple, easily maintainable, relatively inexpensive layout that provides 
a production ?oal of_one kit sleeve every three seconds. A linear design has been selected after ·reviewing several 
other alternative_ designs [4,5]. Th~ layout is ~e_signe~ to b~ moduiar, allowing certain equipment to be easily 
removed for mamtenance. The devices compnsmg this design included: a feeder bowl conveyor hoppers 
pneumatics, and framing (see Figure 4). ' ' ' 

i - - -- ----=-=-=--=-=---===---=-====--=--_-----7-
- _____ __J 

Figure 4. 1.'op View of Assembled Design Layout 

To_ initiate the automated manufacturing process requires orientation and deliver of sleeves from a central loading 
location. The feeder bowl selected for this process accomplishes this through specific vibratory frequencies that 
rotate sleeves up and around the bowl. While rotating, the sleeves with the proper orientation are permitted to travel 
to the escapement unimpeded; however, those arranged unfavorably are recycled back through the bowl until the 
correct alignment requirements are satisfied. The escapement then allows individual sleeves to progress to the first 
station. A complete view of the assembled design layout is presented in Figure 5~ 

Exiting the feeder bowl, the sleeves are individually stacked and ready for placement on a conveyer for further 
assembly. To accomplish this next step a method of insertion onto the conveyer and a housing device for the sleeve 
i~ required. To fulfill these requirements a pneumatic piston with a suitable stroke and bore size is used. This piston 
is designed to insert a single sleeve from the bottom of the stack allowing the other sleeves to progress down the 
escapement and refill the stack. The housing requirements are met by fabricating a carriage from Delrin plastic to 
the specifications of an individual sleeve. The conveyer is lined with these carriages to support continuous 
operation of the machine. 

The automation process next requires the sleeves to be loaded with the specified ampules. This is achieved by 
incrementing the conveyer the length of a carriage to align each sleeve with the corresponding ampule stacks in a 
linear order. In order to align the ampules for insertion a ~ethod similar to that used for 'the sleeves is used. The 
operator pre-orients the ampules to be loaded into a hopper. The hopper design allows for horizonta~ arrangement of 
individual ampules stacked vertically on a declined plane. Gravity, along with a rubber gear attached to a_rotating 
agitator motor, allows the glass cylinders to progress down a small escapement for vertical stacking in the magazine. 
The magazine is designed for individual ampule insertion through the use of a pneumatic piston into a single sleeve 
compartment. This process is repeated for the following two ampule stations as the carriage progresses. As an 
operational precaution switches are installed at each of these insertion stations to indicate whether a sleeve is present 
before firing. 

The manufacturing process is terminated when the conveyer ro~ates to an inverted position to begin its return leg of 
the cycle. Ampule filled sleeves simply exit the conveyer as a result of gravity, or mechanical assistance provided 
by a rotary flicker, into a production box for inspection and kit assembly. Subsequent phases of the project will 
involve automating the process. 
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Controller Design and Programming 
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An overview of the control system used to automate the manufacturing process includes the following components: 
control panel, PLC unit, carriage sensor, sleeve sensor, and an AC conveyer motor. The main on/off switch is used 
to tum the entire system on or off; while the emergency shut off is used to tum off the assembly line if there is a 
problem that can not be accommodated with the system on. An error message is given to the operator to indicate that 
there is a problem that needs attention. A locator pin, installed on each carriage, is checked by each carriage sensor . · 
for proper alignment before ejection of the amps into the sleeve. The sleeve sensor is made of a metal contact 
sensor located above ~ach carriage position where insertion may occur. It will be used only when the link is stopped 
to check for sleeve presence within that specific carriage. If the sensor's spring loaded roller indicates a sleeve is 
present for ampule insertion, then the pneumatic piston will fire; otherwise no ampule will feed. 

The ampule plunger output is used to signal the amp plunger to push out the rod. The ampule plunger is the 
feedback sent to the operator interface to know the ampule plunger has fully extended. The drive link go output is 
used to signal the drive l_ink to tum the AC servo motor. The feedback is used to tell when the motor is moving. 
The drive link stop outpufis used to signal the drive link to stop the AC servo motor. The feedback is used to tell 

· when the motor is stopped. · · 

An AC servo motor is used because it allows for a variable degree of rotation. The opera1or interface is used by the 
operator to control and monitor the drug testing kit machine. Figure 6 represents an overview of the program flow. 
The operator uses the operator interface to control the controller which will control the three stations. 
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Figure 6. Flow Diagra~ Overview 

Figure 7 represents the operator interface. The operator has six inputs: On or off for stations one, two, and three, 
reset counter, emergency off, main on. The operator interface then displays a counter to show finish product, and 
error output. The interface also sends a signal to the controller which turns stations one, two, and three on or off. 
Figure 8 represents the steady-state program flow. 

Operator Interface 

Station One (On/Off) 1-r------. 
I 

Input 
Station Two (On/Off) 

Station Three (On/Off) I 
Reset Counter 

Operator Interface I-----, 
Emergency Off 

Outputs 
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'Controller 
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Error Output 

I Station One (On/Off) I 
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I Station Three (On/Off) I 

Figure 7. Flow Diagram of the Steady State Opera_tion of each Station 
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Figure 8. Flow Diagram 

TESTING FOR PRODUCTION 
Feeding Station 
Initial functional tests of the automated assembly system have occurred at the station level. The feeder bowl (see 
Figure 9) has been the first station tested. To begin the test, the bowl is filled as per the operating instructions. The 
bowl is then started and the sleeves are allowed to just fall off the track into a box. Multiple tests have been run at 
extended time intervals to ensure the bowl maintains the one sleeve per three second quota. A final set of tests have 
been performed to see if the bowl actually empties itself. After attempting this test several times, it appeared after 
approximately 18 minutes the bowl becomes too empty to force the required number of sleeves from the bowl. 
Therefore, the recommendation is that the optimum load for the bowl is about 500 sleeves. After about 18 minutes, 
or when approximately 100 sleeves are left in the bowl, the operator should refill the bowl to continue uninterrupted 
optimum feeder bowl operation. Other problems encountered while testing the feeder bowl include isolated · 
incidences of out of tolerance sleeves that become jammed on the feeder bowl track. To alleviate this problem the 
sleeve manufacturer is providing a more stringent quality control on the sleeve length tolerances. 

Figure 9. Feeder Bowl and Sleeve Loading Station 
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Hoppers 
_ D~g initial asse~bly of the _m~chin~ the initial problem that surfaced is the hoppers (see Figure IO) needed 
reu:iforce~ent. A piec~ o~ 1/8 me~ stamless steel plate has been added to the backside of the hoppers to add stability. 
This ad~ition of mate_nal is_ su~~ient t~ sh?re up the hoppers. However, the modification prevented the motors 
from bemg mo~ted m therr ongmally designed location. So the mounts have been flipped 180 degr~es. This 
change put the shght cant of the mounts the opposite way of the hoppers. The mount became too short now on the 
opposite side. So, all new agitator motor mounts have been machined to correct a situation that was only designed 
to reinforce the hoppers. 

Figure 10. Hoppers 

Assembly Stations 
The next station is Station One, one of the three assembly stations (see Figure 11) where the sleeves are loaded onto 
the conveyer. To test this section of the machine, two series of functional tests have been conducted. The first test 
h~ focused solely on the piston being able to push .a sleeve from the sleeve magazine onto the conveyer. The sleeve 
magazine has been manually filled and maintained throughout this stage of the test. Initially the piston had been 
aligned so that it would contact the sleeve between two of the ampule holder sections. After numerous miss contacts 
resulting in the piston actually sliding into the hollow ampule section of the sleeve, the modification is to put a 
rectangular plunger tip on the piston. The plunger has a large enough contacting surface area with the sleeve that it 
uniformly pushes the sleeve onto the conveyer, and has alleviated the sleeve misfire problem. 

The second functional test involved the feeder bowl and the escapement to Station One to test the fully automated 
function of Station One. The first problem encountered has been that sleeves occasionally become lodged at the top 
of the sleeve magazine. The first solution to this problem has been to ensure that no rough surfaces existed in the 
magazine, so the pieces were carefully sanded and proper alignment confirmed. Yet the problem has persisted. An 
inspection of all the sleeves that became caught has been conducted. The inspections have revealed that all of the 
sleeves that become lodged in the magazine have defects around the edges. A piston or part of the conveyer had 
deformed the sleeves during repeated testing. This seems to be a likely cause of the problem since a limited supply 
of sleeves have been available for testing and have been recycled through the process a substantial number of times. 
A new batch of sleeves has been requested to enable more testing to confirm the assumptions. 

All of the ampule stations have been tested individually. The magazines have been initially loaded· manually and 
sleeves have been manually loaded onto the conveyer to test if the piston could actually deliver an ampule into the 
sleeve on the conveyer. None of the stations have had a problem actually pushing an ampule into a sleeve; however, 
all the stations have had a problem when the plastic-tipped piston retracted. The piston has been grabbing the 
ampule above the piston rod, tousling them in the magazine and nearly pulling it back through the magazine 
opening. In an attempt to remedy this problem the plastic caps have been removed from the pistons. With the 
relatively slow stroke of the piston, the metal piston rod contacting the glass ampule directly has not been a problem. 
But as testing continued, a few of the ampules have exceeded their length tolerance. This has a negative effect when 
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these out of tolerance ampules are pushed into the sleeves. When the plastic tips are on the pistons the above 
.problem i~ avoided. The plastic deforms and the extra length of the ampule is absorbed. For this reason a tip is 
required on the piston. This absorbs shock for the long ampules and does not drastically disturb the ampules above 
in the magazine. After testing various designs and materials that would tolerate the corrosive chemicals in the 
ampules, Viton rubber cord has been selected to manufacture a tip for the pistons. The cord has been drilled down 
the center to provide a cavity to fit onto the piston and the~ ground slightly to put a narrowing tip on the piston cap. 
This solution appears to be the permanent resolution that addresses both the long ampule problem and meets the 
requirement of corrosive resistant materials. 

With a functional test conducted for the ampule hopper stations two additional problems-surfaced. The first problem 
has been with the agitator motors for the hoppers. The motors occasionally grab the ampules and crush them with 
the agitator gear. The motors have been rewired to produce-the opposite direction of rotation which has fixed the 
problem. The second problem has been when the ampules are pushed into the sleeves and then indexed by the 
conveyer. As the piston inserted the ampules, the sleeves lift off the conveyer just high enough so that at the next · 
station the ampule is not consistently shot into the sleeve. This misalignment caused ampules to be inserted below 
the sleeves and occasional ampule breakage. The solution to this problem has been to incorporate a sled design at 
each station including the sleeve station. The sled covers one conveyer car in front of the station and extends two 
cars past the station. This ensures that the sleeves are properly seated in the conveyer cars and has successfully 
alleviated·any further issues with the sleeves rising out of the conveyer cars. 

Figure 11. Assembly Stations 

Conveyor 
The next problem while performing testirig on Station One has been that the conveyer and Station One out pace the 
feeder bowl. To find the root cause of this problem the output of Station One has been tabulated and found to be 
putting a sleeve on the track every 1.5 seconds. While this is great for produ~tion, t~e feeder. bowl had originally 
been designed to deliver on average one sleeve every three seconds. To alleviate this problem a longer pause has 
been added into the conveyer program to slow its cycle to al_low the feeder bowl to keep pace. 

Status and Plans 
Currently Alpha testing involving extensive functional testing is being conducted on site at UNF as described in the 
previous section. All known discrepancies have been corrected as discussed and the entire system is ready to be 
tested in a full production scenario. Before delivery to Armor, the ·machine is being operated in an emulated 
production environment for extended periods of time. Initial production test scenarios incorporate a startup 
sequence followed by a 30 minute production run. At the end of this run all discrepancies are recorded and if a 
mechanical deficiency is noted it is corrected before the next production simulation begins. The startup sequence is 
completed as follows. The startup procedure begins by filling the feeder bowl with approximately 500 sleeves. The 
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s]eeve magazine is then fi11ed so that the sleeves are flush with the escapement. Al1 of the ampu]e magazines and 
hopper down come~ are then preloaded with amplules, and then the h,oppers are fil1ed. After the machine is loaded 
the power and air supply are verified and the machine placed in "auto-run" mode on the control pad. The feeder 
bowl is then energized and allowed to prime the escapement; once this is complete the operator begins production 
by pressing the green cycle start button. These 30 minute emulated production runs will continue until zero 
discrepancies are noted. The next production run will be increased to 2 hours. Again, this run will be repeated until 
zero discrepancies are annotated. The final production testing will be for a ful] 8 hour simulated shift. After the 
machine has exhibited the ability to perform full 8 hour production tuns with minimal discrepancies, the machine 
will be undergoing Beta testing at Armor Holdings site in Jacksonville. After delivery and setup at Armor, Beta 
testing of ful] production runs will continue until quality controls set forth by Armor.are met. 

Thus far, the most important lesson learned by ':111 on this design team has been the old adage to expect the 
unexpected. This is very important when doing a one off design, because during the design phase everything looks 
to fit into place. However, during assembly and testing one finds pieces that don't coordinate as expected and these 
problems must be identified and corrected. But most importantly ·an of these issues must be recorded and 
incorporated into the documentation. This allows a record to troubleshoot if a change has been made and an adverse · 
condit~on resulted. When a design change is to be made it is a good idea to reflect and consider all of the 
implications the change may bring. 

CONCLUSION 
The current assembly process for the drug testing kit by Armor Holdings involves manually inserting each ampule 
into the sleeve. This is a labor intensive process and sometimes a dangerous process due to the chemicals that are 
ho.used in the glass ampule. The scope of this project is to automate the ampule into sleeve loading process; in 
effect to take the human element out of the hazardous and ergonomically unfavorable process. Of the several design 
alternatives the hopper/ pneumatic cylinder has proven the best feasibility with a low amount of risk. This design 
incorporates known reliable devices, such as the hopper, vibratory bowl, and the pneumatic loading action. This 
design using the pneumatic cylinders as the actuating components have been tested and found to work extremely 
well. · 

The design team identified several key enhancements necessary to the current configuration of parts to ensure the 
automation would flow smoothly. The current sleeve has been modified to a larger diameter opening and now has 
centering tabs to help control the ampule while it 'is loaded . . The sleeve have also been lengthened to accommodate 
tlte variance in ampule length, and to ensure a minimal occurrence of breakage. The ampule hoppers have been 
designed based on a hopper currently used in the ampule filling process. The use of corrosive resistant material 
ensures no chemical reactions would take place in the event of a spill. Through engineering, this process has 
transf~rmed a dangerous manual material handling to safer automated performance of moving machinery. 
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INVESTIGATION OF ANIMAL SURVIVAL TIMES FOR POISON ANTIDOTES USING ST AND ARD 
FACTORIAL D~SIGN METHODS AS COMPUTEQ WITH TAGUCHI METHODS 

J. ·S. Sutterfield, Dominique D. I. Drake and Conrod S. J. Kelly 
Florida A&M University 

ABSTRACT 
Herein, th~ resul~ . obtained ~om using classical methods to analyze a set of experimental data are compared with 
those obtamed usmg Taguchi methods to analyze the same data. The experimental design originally employed was 
a factorial analysis aime~ at determining the survival times of animals first given three different levels of a toxic 
agent and then fom_: different levels of an antidote for these agents. Conclusions are then drawn as to the relative 
values of the two methods. 

. INTRODUCTION 
The use of statistics began to emerge as the basis of experimental analysis almost a century ago. Since then, it ha~ 
been widely used by the Japanese for the past half-century, although less so in the United States, and has given rise 
to a hjghly technical discipline known as Design and Analysis of Experiments. In experimental design, one or more 
factors suspected of influencing a given outcome is systematically varied to determine the extent to which this factor 
may influence the outcome. The factor(s) that are systematically varied are known as control factors, while those for 
which outcomes are observed are known as response factors. The objective of varying the control factors may be 
simply to ·determine whether a given response factor of interest is absent or present, viz, whether it occurs or does 
not occur. Usually, however, the purpose is to determine the degree to which systematic variation in the levels of the 
control factors causes change in the response factor. Determining the response to the variation of several control 
factors may be complicated by the fact that they interact. By interaction it is meant that the control factors combine 
to produce a greater effect or result than the sum of the individual factor effects would cause. Dr. Taguchi points out 
that, strictly speaking, there is always some interaction between (among) control factors. 1 Although these 
interactions may be negligible, it frequently is not. When this is the case, the interaction of the control variables will 
cause the response variable to react in a non-linear fashion. Thus, interactions among control variables can cause a 
response variable to increase ( oi decrease) over a certain part of an interval, and then decrease ( or increase) as the 
control factors are varied over another part of their intervals. Further, if an experiment were aimed at maximizing 
some desired effect, it would then be pointless to increase the factor, or combination of factors, beyond the point at 
·which the desired effect is maximized, minimized, or perhaps eliminated entirely. 

In classical experimental analysis, a factorial design is used and the control factors are varied incrementally over the 
range of interest for each, one factor at a time, while observing the change in the response variable to ·the change in 
each ~ontrol variable. The usual approach is to estimate the magnitude of any interaction(s). Taguchi's method of 
experimentation is particularly powerful in such analyses because of its ability to identify not only principal effects 
of control variables, but interactions among them. The power of Taguchi's approach is that it is quite generally 
applicable to a broad range of experimental situations in which the components of variation, including those of inter
action, are desired. It has been used for such diverse ·experiments as bearing deflections, diesel engine nozzle 
design, cloth quality evaluation, the design of clothing, bank and insurance contracting and electrical power con-
sumption, just to mention a few.2 

. · - · 

LITERATURE REVIEW 
Engineering as a discipline has been in use since the days of the Pharaohs in Egypt, and still later in ancient Greece. 
Even in those primitive days, engineering accomplished feats that have endured as marvels for all ages. One has 
only to point to such achievements as the pyramids, the Roman road system, the Pont du Gard aqueduct and the 
Alcantra ~ridge in Spain3 to sustain this proposition. From the beginning, experimentation has been foundational in 
science and engineering, but had engineering not been bu~essed with Calculus about two and one-half centuries 
ago, it would have had very little of the success that it has enjoyed in recent years. As recently as about 1920

4 

experimentation itself received an immense benefit through the work of Sir Ronald A. Fisher of England. 
5 

Up to the 
time that Fisher began his important work, estimation of population parameters and tests of hypotheses were per
formed by making assumptions as to the distribution of the unknown population parameters. Fisher argued that this 
approach was completely wrongheaded, and that the population parameters should be estimated from samples taken 
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from the population. 6 This insight revolutionized the entire field of experimental analysis. As a matter of fact, it was 
_Fisher who originated most of the ideas used in modem experimental method. 7 In the late 1940s and early 1950s 

- experimentation received another very large benefit when it began to merge with the quality movement that began 
taking root· in Japan in ~his period. During this period the ideas of Deming had been largely ·rejected by American 
industrialists. However, Deming found that his ideas concerning quality were readily accepted by the Japanese, who 
were attempting to rebuild their industrial base after WW. II and were interested in reducing costs to the greatest 
extent possible. Moreover, Japan did not have extensive natural resources, and was solicitous of eliminating as much 
waste as possible. With this situation prevailing, Deming's ideas r~adily took hold. At the time Deming began work 
with · the Japanese, he had been using statistical methods to improve quality,8 and soon began teaching them 
Statistical Quality Control. The Japanese had already discovered that statistical meth0ds could be employed for 
much more than monitoring and improving quality.9 At about the same time, such pioneers as Kaoru Ishikawa, 10 

Motosaburo Masuyama11
'
12 and' Genichi Taguchi 13

•
14 had begun to use such methods to facilitate scientific experi

mentation. In a third 1956 work, Dr. Taguchi published the original version of his monumental work on 
experimental method. 15 Although many other Japanese scient_ists have made many substantial contributions to the 
field of experimental method, it is Dr. Taguchi, more than any other, who has advanced this area of science, and 
after whom the field has been named as "Taguchi Methods." Considering the immense success achieved by the 
Japanese using designed experiments, it is to be regretted that they have not been more widely used in the West. 16 

' 
Although -there are very significant differences between the classical approach to Design and Analysis of 
Experiments and the methods developed and practiced by Dr. Taguchi, it is not the purpose of this paper to discuss 
all of these. However, one chief difference is that Taguchi's method conceives of the data of an· experimental 
arrangement as being related by some function. Although the function will probably be unknown, it nonetheless 
relates the data in some way and can therefore be described by a polynomial expansion about each of the experimen
tal data points. The polynomials used are an orthogonal set, discovered by P. L. Chebyshev. 17 These polynomials 
make it possible to evaluate first, second, third, etc.; order components of variation in a given experimental factor. 
They also make it possible to evaluate interactions of factors at these levels. These same polynomials may also be 
used to form contrasts for comparing the effects of ~arying levels of the factors. The classical method, on the other 
hand uses a linear interpolation to estimate the levels of interaction.18

•
19 Thus, Taguchi's method has the advantage 

of providing a more accurate estimate of the overall interactions among factors, as well as permitting calculation of 
the interactions among the various components of interaction. 

METHODOLOGY 
The philosophy and approach of experimental methodology are the same no matter which approach is used for the . 
analysis of experimental results. Thus, the experimental methodology is identical whether classical analysis or 
Taguchi analysis is used. The philosophy and methodology have been discussed in detail elsewhere,20

•
21 but for the 

sake of convenience.are briefly reproduced below. 

1) A careful and precise statement of a perceived problem as learned from observing some phenomenon; 
2) Formulation of.a hypothesis as to the cause of the problem. This hypothesis must be capable of 

experimental verification or falsification22
•
23 to explain the phenomenon; 

3) Conceiving, .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 procedures are satisfied; 

6) Performance of the experiment; 
7) Application of statistical analysis techniques td 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 refer~nce to other investigations of the same or similar 
problems. 
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APPLICATION OF METHODOLOGY 
Toe experiment chosen for anatysis with Dr Taguchi's method was on·gm· 11 I db I · I th d · 

24 • • • • • a y ana yze y c ass1ca me o s m a 
pape~ don~ by Box and ~ox. This experiment utthzed a 3x4 replicated factorial design iil which 4 levels of a 
ce~~ antidote are exa~med ~ to how we]) they extend the life of test animals to which 3 levels of poison were 
a~imstered. The experiment. ts termed "replicated" because four replications are performed for each level of 
poison _and each of the four antidotes. 1:1us, 16 animals <:1fe tested for each the 3 levels of the toxin, for a total of 48 
test annnals. The response factor for this experiment was the survival time in hours for each animal as measured 
from th~ instant that t~e poiso~ ~as administered. The data used herein are reproduced by Box, Hunter and 
Hunter.. In contrast w1t_h the ongma_l work of Box and Cox, the present work will analyze this original data using 
T~chi me!hods and will focus part1c~!arly upon estimating the magn!tude of the interaction between poisons and 
antidotes usmg the hallmark of Taguchi s method, orthogonal polynomials. The general methodology from above is 
adapted to the instant problem as shown below: 

1) The problem to ~e in~estigated is that of which level of an antidote (control factor) for a poison affords 
the greatest survival time (response factor) for test animals that have been given one of three levels of a 
certain poison (control factor); 

2) The null hypothesis for this investigation is that there is no difference among the survival times for the 
three groups of animals for the various l~vel combinations of toxin and antidote; 

3) The experimental technique chosen to falsify the null hypothesis from "2" above was a 3x4 factorial 
experiment with four replications per toxin level; the animals for each replication were selected at 
random, so that the experiment employs randomization of the test animals, and consequently, a random 
effects model; 

4) The possible experimental outcomes are that: a) No difference will be found among the survival times 
of animals indicating that there is no benefit to increasing the level of antidote irrespective of the toxin 
level; b) A difference will be found among the survival times of animals indicating that there is some 
benefit to increasing the level of antidote for the three toxin levels; c) Not only will "b" be true, but 
some interaction will be found that either increases or decreases survival time; 

5) Since Taguchi's method makes no assumptions regarding the form of a statistical distribution, and since 
the approach of orthogonal polynomials can handle non-linear responses to changes in control 
variables, the method is perfectly capable of providing accurate results from the analysis of the 
experimental data; 

6) The experiment was performed by administering one toxin level at a time to a single group of sixteen 
animals; this was done for three groups of sixteen, one group for each of the three toxin levels; each 
group of sixteen was then subdivided into four subgroups of four; to each of these subgroups one of the 
four antidote levels was administered; 

7) A Taguchi approach to statistical analysis was then applied to the experimental results and estimates 
made as to the actual values; · 

8) Conclusions were drawn as to the true values of estimated parameters, along with the reliability of 
those estimates; while giving careful consideration to the validity of conclusions for the population of 
objects or events to which -the estimates may apply; because the experiment was random~zed, the 
conclusions that are drawn are perfectly general, and can be extended to similar situations; 

9) The results from "7" and "8" above were evaluated_ as to the degree of confidence with which the null 
hypothesis has been refuted;" 

10) Evaluation of the present investigation with reference to other investigations of the same or similar 
problems. 

RESULTS 
The experiment described herein was origina1ly part of an investigation to combat the effects of c~rtain toxic agents. 
Toward this end, the experiment was designed to determine the survival times of _a certain type ~f animal ~hich w~ 
administered a poison at a certain level, and simultaneously, or nearly so,. an antidote at a certam level. The expen
mental design is known as a two-way, replicated, 3x4 factorial design: Two-way b_ecause two facto~s are controlled; 
replicated because each combination of poison and antidote is repeated four times; and facto1:1aI because both 
control factors are tested at varying factor levels. One object of this experiment was to de~ermme the degree of 
interaction, if any, between poisons and antidotes. For this experiment, three groups of 16 annnals were used,. for a 
total of 48 animals. The poisons were administered at three different levels, so that each ~oup of 16 ~.mmals 
received a different level poison. The antidotes were administered in four levels, each level havmg been replicated 
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four times for each group of three animals. Thus, four animals from each group of three received the same level of 
antidote, _resulting in a total of 12 animals having received the same level of antidote to the poisons. The original 
data obtained from this experiment are in units of 10 hours, and are shown below in Table 1. 

Table 1 

Next, the data in table I were adjusted by deducting a working mean 0.45 from each of those values. This procedure 
yielded the values shown in Table 2, below. 

Table 2 

First, the correction factor, CF, is calculated foi: the above data. 

CF= (x1,1 + x1,2 + X1,J + ... + X12,J + x12,4)2/48 

CF= (0.14 + 0.37 -0.02 + ... -0.23 -0.12)2/48 

CF= O 0414 hrs 2 
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The total variation for the data shown in Table 2 above is calculated as follows: 

S 2+ 2+ 2'+ 2 2 2 
r = x,.1 x,.2 x, 3 · · · + X12,2 + X12,J + X1 2,4 - CF 

Sr= (-0.14)2 + (0.37)2 + (-0.02)2 + ... + (-0.16)2+ (-0.23)2 + (-0.12)2-0.0414 

S.r = 3.005 I hrs.2 

Now, included in this total variation there is the component of variation within groups of animals .tested at each 
poison and antidot~ combination. This component is referred to as the second ord~r variation between repetitions, 
Sa, In order to estimate the net effects for the poisons, antidotes and the possible interactions, Se2 must be removed 
from the total variation. Again, using the data fyom Table 2, Se2 is calculated as ... 

S - 2 2 2 2( . 2 2 2 2 2 u - Xt,1 + X2,1 + XJ,l + °'4,1 - X1,1 + X2,1 + X3, 1 + ~ .1) /4 ... + X9,4 + X10,4 + X11,4 + X12,4 

- (x9,4 + x,o,4 + X11 ,4 + X12,4) 2/4 

Se2 = (-0.14)2 + (0.00)2 + (0.01)2 + (-0.02)2-(-0.14 + 0.00 + O.oI -0.02) 2/4 ... + (-0.15)2 + (-0.09)2 + 
(-0.14)2 + (-0.12)2 - (-0.15 - 0.09 - 0.14 -0.12) 2/4 · 

S..t1 = 0,8007 hrs 2 

Next it is desired to obtain the variation between the various combinations of poisons and antidotes, STJ. This is 
termed the variation between experiments. In the instant experiment, 12 combinations of poisons and antidotes have 
been examined, with four replications for each combination. In order to calculate this variation, the replications are 
combined to yield the set of values shown in Table 3 below. 

Table 3 

2 2 2 2 2 2CF STJ = X1,1 + X1 ,2 + X1,3 + ... + X3,2 + XJ,3 + XJ,4 -

STJ = (-0.15)2 + (I.72)2 + (Q.47)2 + ... + (-0.46)2 + (-0.86)2 + (-0.50)2- 0.0414 

Sn= 2,2044 hrs,2 

It will be observed that this value is the difference between Sr and Sa, and could have been obtained by subtraction. 
However, it is ·here computed independently as a check upon calculations. The variation due just to the antidotes, 
SA, and that due just to the poisons, SP, are calculated next, as follows: 

SA =Ai2 + A/+ A/+ A/-CF 

SA= ((-1.63) 2 + (2.72) 2 + (-0.69) 2 + (1.01)
2
)/12-0.0414 . 

~ = 0,9212 hrs,2 

Continuing with Sp ... 
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Sp=P/ + P/ + P/-CF 

Sp= ((2.68) 2 + o .s 1) 2 + (- 2.78) 2)116- 0.0414 

Se= 1 0330 hrs 2 
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· Now if the variation due to antidotes, SA, is added to that due to poisons, SP, the sum of these variations is 1.9542. 
Comparing this total with that inherent in the various combinations of poisons and antidotes, Sn, shows that this 
sum does not account for all of the variation in the combinations. Thus, there is an interaction between antitoxins 
and poisons, and the components and magnitude of this-interaction are estimated next. 11H >rder to do this, three con
trasts are formed for each of the three poison levels: One for each linear component of each level. of poison at the 
four antidote levels, one for each quadratic component of each level of poison at the four antidote levels, and one for 
each cubic component of each level of poison at the four antidote levels. Thus, there are a total of nine contrasts. 
Again, using the values in Table 3, the linear contrast for P1 is .. , 

L(P1) = -3*(-0.15)- 1 *(1.72) + 1 *(0.47) + 3*(0.64) 

The coefficients '~-3", "-1", "l", and "3" in the above equations are those obtained from the Chebyshe~ orthogonal 
polynomial expansion for a linear contrast and are available from tables.26 The linear components of i>2 and P3 are 
obtained in a similar fashion as ... 

LIB,)= 2.41 hrs. 

The quadratic component of P 1 is calculated in similar fashion as ... 

Q(P1) = 1 *(-0.15)_- 1 *(1.72)- 1 *(0.47) + 1 *(0.64) 

The coefficients "l", "-1", "-1", and "l" are those obtained from the Chebyshev orthogonal polynomial expansion 
for a quadratic contrast. The linear components of P2 and P3 are obtained in a similar fashion as ... 

00!2} = ~ 0.81 hrs. 00!1} = - 0.14 hrs. 

Finally, the cubic component of P1 is calculated. As before, the coefficients "-1", "3", "-3", and "l" are those 
obtained from the Chebyshev orthogonal polynomial expansion for a cubic contrast. For P 1 this component is ... 

C(P1) = -1 *(-0.15) +3*(1.72)- 3*(0.47) + 1 *(0.64) 

The cubic components of P2 and P3 are obtained in a similar fashion as ... 

CTP2} = 6.67 hrs. 

It is now possible to determine the interaction of each poison level with the antidote component. This is done by 
calculating the variation for each poison level and antidote component. Then the interaction between P and the 
linear components of the four antidote levels is ... 

S(Px.A,) = ((1.12)2 + (2.41)2 + (0.98)2)/(20*4)-(l.12 + 2.41 + 0.98)2/(20*4*3) 

SfPrAtl = 0.0155 hrs. 
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The interactions between P and the quadratic and cubic ~omponents of the four antidote levels are calculated in 
similar fashion as ... 

' I 

SfPxAi) = 0.0766 hrs.2 
, 

These. t~ee vari~tions of the ~teraction of P with the antidotes sum to a value· of 0.250 I hrs. 2 This is just the amount 
ofvanat10n requrred by the difference between Sn and the sum of SA and Sp, as noted above. Having calculated the 
foregoing variations., it is now possible to construct an analysis of variance (ANOVA) table for the experiment. 

Table 4 

Now, it will be seen from Table 4 above that the linear component of variation for the interaction between poisons 
and antidote has an F0 value of only 0.7567 and contributes only 0.52% to the total variation. Therefore, the linear 
component of anti~ote variation is to be regarded as simply random error, and will be combined with the other error 
terms to obtain the final "(e)." This modification results in the ANOVA shown in Table 5 below. 

· s- r r-

· Table 5 

In arriving at final estimates of the variation in survival times attributable to each of the control factors, it is 
necessary to calculate for each the net variation. In doing so, the net variation in ( e ), Se', is also calculated. This is 
done by subtracting one error variance, in the instant case 0.0204, for each degree of freedom in each of the control 
variables. These amounts are then added to (e) to obtain S/ ._ Thus, the values for Se' in Table 5 were obtained by 
deducting two error variances from Sp and three from SA. Also, one variance for "(e)" is deducted froin each of 
SPXAq and SPXAc• These seven error variation equivalents were then added to the variation for "(e)" to obtain the net 
value of 0.9591. Further, SPXAq is very near the critical F0 for a 95% confidence level, and SPXAc is well beyond the 
critical F0 for a 95% confidence level, these two values have been combined to yield an SpXA' for the interaction of 
0.1938. This is justified because both terms are for higher order interactions and have no particular 
significance apart from this. Thus, the higher order interactions account for 6.45% of the total variation. 
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ANALYSIS OF RESULTS . 
In several ways Taguchi's method of analysis produced results comparable to those of the classical method. For 
example, with both methods, the total variation in the survival times was determined to be 3.005 l hours2

• Also, both 
methods produced nearly identical results for the variation among the three groups of animals, Taguchi's method 
having determined this to be 2.2044 hours2 and the conventional method 2.2055 hours2

• Further, the two methods 
produced identical results in the variation in survival times due to the effect of the poisons: Both determined this 
variation to . have · been 1.0330 hours2

• Likewise, both arrived at almost identical results in the variation due to 
antidotes: Taguchi a value of 0.9212 hours2 and the con~entional method a value of0.9224 hours2

• Here, however, 
the two methods begin to diverge. In the conventional analysis, the interaction of poisons and antidotes was 
calculated to have been a value of 0.2501. But this value was obtained by subtracting the sum of Sp and SA, a value 
of 1.9542 hours2

, from 2.2055 hours2 to arrive at an interaction variation of 0.2501. Thus, the interaction variation 
was not calculated independently, but was made to depend upon Sp and SA. In the case of Taguchi, the interaction 
variation was obtained independently by calculating the linear, quadratic and cubic components and then adding 
them together. Thus, with Taguchi's method the interaction variation was independent of other values. Further, the 
calculation of these components yielded some interesting results. First of all the linear component of the interaction 
variation turned out to account for only 0.52% of the total variation, and only about 6% of the interaction variation. 
This is contrary to what most often is found. It is most often the case that the linear component of variation dwarfs 

. the quadratic and .cubic components. Thus, with the linear component was relegated to random error and added in to 
this term, as is customary in Taguchi's method. However analysis of the quadratic and cubic components yielded an 
entirely different situation. The quadratic component accounted for 2.55% of the total variation, and about 31 % of 
the interaction variation. The cubic component was even more surprising, accounting for 5 .26% of the total 
variation and 63% of the interaction variation. It might have been expected that the quadratic component would 
account for most of the interaction variation since the linear component did not, but this.was far from the case. The 
three contributed to the interaction variation in ascending order. This is almost never the case, and was only dis
closed by Taguchi's method. The conventional method did not disclose this anomaly. Because of the dominance of 
the higher order interactions it might be speculated that some sort of a complex molecular reaction was occurring 
between poisons and antidotes. To a knowledgeable researcher this information might provide a valuable insight as 
to how the antidote might be modified to increase survival times even more. In summary, the interaction between 
poisons and antidotes accounted for an increase of about 6.5 % in survival time and describes what is probably a 
complex molecular interaction between the two control factors. Finally, the above results indicate that the null hy
pothesis has been refuted and the alternate hypothesis accepted at a 95% confidence level. Thus, there are indeed 
differences among survival times for the three groups of animals for the various combination level of toxin and 
antidote. · 

CONCLUSIONS 
The purpose of this paper was to compare the results of the conventional approach to analysis of variance with those 
obtained from Taguchi's approach. The basic difference between the two approaches is that Taguchi's method 
employs Chebyshev's orthogonal polynomials to analyze variance, and thus is able to separate components of 
variance in useful ways that the conventional method cannot do. Although it was determined that the two 
approaches yielded similar results for much of the variation under analysis, Taguchi's method has much more power 
to separate and discrimin~te between components of variance, particularly those having to do with · control factor 
interactions. As a consequence, Taguchi's method may yield useful information that would not be revealed by the 

· conventional approach. This matter will be explored more fully in subsequent papers. 
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SYSTEM DYNAMICS MODELING AS AN ALTERNATIVE 
~STRUCTIONAL TECHNOLOGY FOR ACCOUNTING STUDENTS 

, Kevin O'Neill · 
State University of New York at Plattsburgh 

INTRODUCTION 
Accounting can chiefly be considered a retrospective science. Models are built, and income and balance reports 
generated on numbers already "in the can". This bias is reinforced by traditional acc~unting texts that promote 
disassembled or sectionalized learning where the typical accounting process is usually described as involving 
transaction, transaction recording, account balance calculation, and reporting. Open up most introductory 
accounting texts, and you are likely to find chapters on cost measurement, investing activities, operating activities, 
financing activities, and reporting accruals and ·cash flow: each chapter separate and self-contained as if the 
relationships and feedbacks between these systems is inconsequential. 

Yet in the uncertain world of the twenty first century, with rapid response, reduced cycle-time, globalization, and 
instant ·communications, businesses are ill advised· to look backwards when their survival depends on knowing 
where they are now, and thinking forward. Fred Kofinan, professor of Managerial Accounting at MIT, has called 
for a re-conceptualization of accounting into a double loop [Argy-is, 1990] inquiry activity: 

If we want out accounting systems to foster a learning organization, then their primary purpose 
should change radically. Instead of describing what already happened, accounting systems must 
enhance a group's ability to explore, articulate, and understand their reality [1994:288]. 

In single loop learning systems (such as the aforementioned accounting system), system actors scan the 
environment, identify discrepancies between accepted norms/operating limits and the system state, and 
make corrective actions to bring the system back into alignment. Double loop learning promotes reflection 
across these activities by enhancing the capacity of system actors to question and, when necessary, change 
the governing values regulating the behavior of the system (norms/operating procedures). This requires a 
capacity for systemic reasoning, a skill Greenberg [ 1996] suggests would enhance cost/management 
accounting education. · · 

Double loop learning, as an inquiry model applied to accounting education, requires both teachers and 
learners to make explicit and then question the sets of assumptions underlying their models. The authors 
are proposing that system dynamics modeling fits this bill in accounting education by providing teachers 
and students the capacity to represent accounting assumptions as structural relationships whose previously 
implied feedback's are made transparent and thus open for questioning 

SYSTEM DYNAMICS:· BUILDING BLOCKS 
System dynamics models are representations of the structural relations that generate system behavior over time 
[Forrester, 1980; Richardson and Pugh, 1981]. As such, they are external representations of the combined cognitive 
maps of those who build them [Morecroft, 1994]. From a learning perspective, system dynamics modeling provides 
students the ability to make explicit and quickly manipulate the feedback's embedded in the complexities of modern 
accounting systems. Given the limitations of simulation models and cognitive mapping in general [ see Khoshnevis, 
1994; Flood, 1990; and Peterson and Richmond, 1997], system dynamics models are useful in explicitly 
representing the assumptions inherent in complex, feedback oriented systems that exist over time. 1 

The building blocks of system dynamics models are graphical in ~ature and are designed for ease ~f under~tanding. 2 

Stocks (the boxes, either clear or with slats) represent accumulations, i.e., things that increase or decrease over time. 
They can be considered_ "states of being", i.e., they depict the conditions within a system. For example, in Model I, 
both "Cash" and "Retained Earnings" rise or fall over time. If you froze this system at a point in time, these two 
. stocks would be what persists, that is, you would have levels of "Cash" and "Retained Earnings" which you could 
see. 
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revenues Cash Expenses 

Profit Loss Retained Earnings 

Model I: Basic Financial Score-Keeping Infrastructure 

Flows (those pipes entering into or leaving from stocks) represent the rate at which the stock accumulates and drains 
over time. As such, flows represent the activities of a system and exist over time. The unfilled arrow head on the 
flow pipe indicate~ the direction of the flow. Again for Model 1, "Revenues" are that set of activities that generate 
the flow of dollars increasing the.stock of"Cash", and "Expenses" are that set of activities that generate the flow of 
dollars decreasing the stock of "Cash". Both "Revenues" and "Expenses" also affect the flow "Profit Loss" which 
increases or decreases, over time, the stock "Retained Earnings". 

Converters are the system dynamics catchalls. They can represent external inputs, define algebraic relationships, 
house relationships between variables, or hold values constant. From a technical standpoint, they convert inputs into 
outputs for use elsewhere in the model. In Model 2 the converters "Revenue per Month" and "Expenses per Month" 
are constants set at $500,000 and $400,000 respectively. This information is then transmitted via Connectors (the 
solid line arrows) to the flow "Revenues". As such, connectors transmit rather than transport information in the 
system. From a cognitive mapping perspective, they connect the model elements that affect the sets of activities 
generating accumulations and drains of stocks over time. 

Revenue per Month Expenses per Month 

Revenues Cash XYZ Corp Expenses 

Average Time to Get Paid 
Ave Time to Pay Bills 

Profit Loss Retained Earnings xYZ Corp 

Model 2: An Expanded Financial Score-Keeping Model with Converters 

A Graphical Function is a sketch of the relationship between some input and an output. For example, in Model 3, 
the graphical function "Average time to Pay" contains the posited relationship between the input, 
"Cash_XYZ_Corp", and XYZ corporation's ability, as an average time to pay, to disburse funds to meet its payables 
obligations. · 
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Revenues 
Receivables 

Cash Xi Z Corp 

Cash Coming In 
Expense 

Average nme to Pay 

Wme Offs 

Pay ables Xi Z Corp 

Disbursing 

Model 3: Score-Keeping Infrastructure with Conveyors and Graphical Functions 

A_s Graphical Function 1 shows, this is posited as a curvilinear relationship that increases XYZ's average time to 
disburse from one to three months as XYZ's cash decreases. At Cash XYZ Corp= $500 000 XYZ ts bl br · · th - _ , , mee paya es 
o igation m one mon • At _Cash_XYZ_Corp = $250,000, XYZ meets it's payables obligation in an average of 
1.5~ m?nths. As XYZ' s. av~ilable cash dwindles to zero, it takes 3 months, on average, for XYZ to meet its 
obhgati?ns (the assumption 1s that during this three month period XYZ will be able to secure a short term loan to 
pay off it's debtors). 

Cash XYZ Corp Average Time to . 
Pay . 

0.000 3.000 
50000.00 2.940 
100000.00 2.710 
150000.00 2.390 
200000.00 1.900 
250000.00 1.520 
300000.00 1.320 
350000.00 1.170 
400000.00 1.080 

11 .000 
450000.00 1.000 
500000.00 1.000 

0 0.000 @j■jjj ■ j ■ j■■■j■j 
)11 Data Points: 

Edit Output: I 
To Equation Delete Graph Cancel 11 OK I 

Graphical Function 1: Mapping Average time to pay as a curvilinear relationship of XYZ Corporations 
Cash on Hand 

A second type of stock, called a conveyor, can be conceptualized as a moving sidewalk where stuff (in this ~ase, 
dollars) gets on, rides for a period of time, and then gets off. Leakage of conveyor contents can also occur. In 
Model 4 "Receivables" and "Payables" have been disaggregated into three conveyors respectively, each with a ride 
time of one month. "Sales" (held constant at $100,000 per month) flow onto the conveyor "Receivables Now"; 50% 
are paid within 30 days (as leakage "Paid Now") with the remainder moving to "Receivables Plus 1". 60% of 
"Receivables Plus l" are paid within 30 days (or 60 days from point of sale) as leakage "Paid Plus I", with the 
remainder flowing into "Receivables Plus 2". 80% of"Receivables Plus 2" are paid within 30 days (or 90 days from 
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point of sale) and the rest are written off. Thus, 96% of all sales are paid within 90 days., for a write-off rate of four 

percent. 

Sales · Sales Multiplier 

Revenue Receivables 1 Receivables 2 

Writeoffs 

Paid Plus 2 

Model 4: Receivables as Conveyors with Leakage 

Similarly, the stream of disbursements is disaggregat~d into those occurring 30, 60, and 90 days from their point of 
encumbrance. In this case, leakage flows represent disbursements. "Cost of Goods" (held constant at $50,000 per 
nionth) flow onto the conveyors "Payables Now", "Payables Plus l", and "Payables Plus 2". Payment rates 
(depicted as "We pay Now" and "We Pay I", and "We Pay 2") are 50%, 60%, and 100% respectively (it is assumed 
that we pay all of our obligations within the 90 day time frame). 

Cost of Goods Cost of Goods M.lltiplier 

Disbursments To1al Dispersments 

Model 4: Payables as Conveyors with Leakage 

There are two main output objects in system dynamics: Behavior Over Time (BOT) graphs, and tables. BOT's are 
the system dynamics repository for plotting data generated by the model simµlation runs. Graph l displays the data 
generated from the Model 1 simulation run over a twelve month period (time on. the horizontal, and dollars on the 
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vertical).
3 

Tables display the numerical output from simulations, and are locus for sending simulation information 

to other software applications. T~ble I displays the numerical data for Model 4 over a twelve month time period. 

. MODEL DISCUSSION: 
Model I presents a basic financial Score-Keeping Infrastructure: Stocks represent Balance Sheet items - Cash and 
Retained Earnings. Flows represent Income Statement Items - Revenues and Expenses. For the current simulation, 
the initial value for "Cash" is $500, the initial value for "Retained Earnings" is $0, (that is, the stock of"Cash" we 
start with ·is $500, and we have no "Retained Earnings"), Revenues are $500 per month and Expenses are $400 per 
month. Retained earnings are Revenues - Expenses. Running the simulation produces Graph I, representing the 
output of this simple syste.m over 12 months. As expected, both Cash and Retained Earnings increase during these 
12 months. 

- 1: Cash 2: Retained Earnings M 2000.ao,---.;.._ __ ,___.;_ __ ~----...------. 

10.0II 13.CII 
10:11 AM Tue, AiV 31, 1• 

Rw~;~· 

Graph I : BOT Cash & Retained Earnings for Model I 

Using the iThink software 4, it is easy to incorporate additional variables and structures into the model. For example, 
revenue streams may be delayed as those who are encumbered fail to meet their fiduciary obligation for immediate 
payment. By the same token, a corporation's average time to pay bills may increase or decrease depending on their 
liquidity circumstances (see Model 2). With a Model 2 baseline as described above, ifwe increase "Average Time 
to Get Paid" by only 25% (while keeping "Ave Time to Pay B~lls" constant), both cash and retained earnings for 
XYZ Corporation move to equilibrium (Graph 2). As we increase "Average Time to Get Paid" by an additional 
25% (which delays payments from the initial one month time frame to six weeks), the system declines into a new 
equilibrium of$0 Cash and $-500 Retained Earnings in Month 8. 

- 1' cat1 XYZ Colp 2 RaaledE:anw9 XYZ Corp fj 1CIXl 

~ -~-~1.oo-~~ ~~~m--~--7~.oo---~~~oo~--~uoo 
Mcn111 12!1> PU Tua, Aug31, -1'11111 

PIQl18@ _?. Udlld 

Graph 2: BOT abs~rbed in Equilibrium 
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Graph 3: BOT with Retained Earnings now Negative 

iThink's (and other system dynamics packages) ability to quickly and graphically display how changes in one or 
several parameter values feeds back across all other simulated variables is a powerful leverage for accounting 

· education. As students get comfortable with system dynamics objects (stocks, flows, converters, connectors), they 
can quickly run "what-if' scenarios across single or multiple parameter changes. 

.. 
As outlined above, Model 3 continues our structure expansion of the original Income and Balance financials and· is 
somewhat more satisfying as we have incorporated delays into the system: Receivables take 30 days until paid, and 
Payables are disbursed according to the amount of cash we currently have on hand (as our cash dwindles, our ability 
to meet our obligations is compromised, and we take longer to pay our expenses). Both Receivables and Payables, 
while still stocks, are represented as conveyors. For this system,·money gets on the conveyor when the debt is 
encumbered, rides for a period of time (30 days), and then drops off to Corporation XYZ in the form of cash . . 
Leakage, in the form of write-offs, occurs so what gets to XYZ Corporation is less then originally encumbered. The 
Payables stream is also represented as a conveyor. Unlike Receivables, however, the rate at which XYZ 
Corporation pays its obligation depends on available cash on had. No leakage is assumed for the Payables conveyor 
since XYZ Corporation's debtors expect full payment (eventually). 

Model 3 simulations are initialized with the stock "Cash_ XYZ _ Corporation" at $250,000, so the simulation begins _ 
with "Average Time to Pay" already at 1.52 Months, or six weeks (see graphical function I). Graph 3 shows a 
simulation with "Revenues" and "Obligations to pay" set at $400,000 / month. As expected, with a 3 percent write
off rate, both cash and retained earnings decline, with cash achieving a new equilibrium at time 2 months. 

,, 1: Cash X<Z Corp 2: Retained Earnings 

468--------.---------.-----~-----, 

Page 2 

~a~;~ ? 

4.00 7.00 
Months 

Untitled 

Graph 4 Obligations and delays 
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Graph 4 is a BOT with "Revenues" jumping from $400,000 to $450,000 at time 3 and returning to $400,000 at time 
7. Recognize how, for both graphs, as cash available declines, XYZ Corporation's ability to pay out its obligations 

· is compromised, causing a delayed movement in retained earnings. · 

Model 4 assumes a 3 month "Payables"' and "Receivables" time frame (with these stocks represented .as conveyors) 
and a 4 percent write-off ( see ab~ve for a discussion of c~nveyors ). Graphs 5 and 6 display the behavior over time 
for a normalized payables and receivables system with Sales initialized at $100,000/month and Cost of Goods at 
$50,000/month. 

Graph 5: BOT Payables 

, 3: We Pay 2' 

Graph 6: BOT Receivables 

DISCUSSION 
The presented models provide a basis for discussing the several advantage·s of using system dynamics modeling as 
an accounting learning tool. First, SD modeling allows learners to graphically build, view, and put into motion the 
complexities of the structural interrelationships embedded in accounting systems. During the modeling process 
students use the system dynamics building blocks to, in essence, capture their own cognitive maps of how 
accounting systems look. These maps can then act as points of departure for generating and reframing knowledge, 
and directing discussion across groups of students, leading to collective or shared cognitive accounting maps. In 
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addition, as students put these maps into motion they can quickly test foi: both internal relational consistency ( do the 
relationships make intuitive sense) and external validity ( does the model behave in reasonable and/or expected 
·ways). · 

Second, stock and flow building blocks can contribute to a learner's dynamic reference for accounting systems. For 
too long, accounting texts have focused· on the stocks/acc.umulators in the system - the balance sheet items - and the 
flows generating those accumulations - the income statement items - and have paid much less attention to the 
embedded, and sometimes counterintuitive feedbacks associated _with these variable structures. Referring to Model 
2, notice how quickly a moderate 33 percent shift in "Average Time to Get Paid" erodes XYZ Corporations ability 
to meet its own obligations, and eventually it's retained earnings. Sensitizing accounting students to embedded 
structural delays, and their potentially counterintuitive effects for accounting systems may a significant long-term 
leverage for these learners. 

Third, this type of accounting modeling allows users to direc~ly and graphically engage in "what if' scenario 
planning. Changes in variable parameters are in play immediately, and several bracketed changes can be designed, 
modeled, run, and displayed simultaneously. During these simulations, the modeled system may display shifts in 
the dominance of relational structures over time, shifts that may have considerable economic consequences for the 
long-term. Referring to Model 3 Graphs 5 & 6, note the marked shift in system behavior at times 2, 4, and 7 .5 as 
"Average time to Pay" moves into and out of dominance. Seeing this behavior dynamically mapped over time can 
be a powerful _tool for accounting discussion. · 

Fourth, as a review of Models 1-4 communicates, students can rapidly expand their basic income and balance 
financials model by successive structural elaboration, revealing an iterative process of increasing sophistication, 
complexity, and (one hopes) understanding. Factors excluded from the initial models are now included, and 
linkages to other accounting and organizational functions can be made explicit, and their underlying assumptions 
challenged; As previous models lend translation to next, this process can be of substantial benefit as it informs a 
more systemic and dynamic understanding of the real world accounting system. 
Finally, it is foreseeable that both the more easily quantifiable variables such as "Revenues" and "Disbursing", and 

some less easily quantifiable variables like "confidence in payment stream" or "ability to secure loans" can be 
mapped simultaneously, creating a richer representation of an actual accounting system then can be generated using 
current static modeling techniques. By allowing the modeling of both hard and soft variables, accounting students 
employing the system dynamics method will not be constrained to mere attribute data in their modeling effort. What 
can emerge from this process is a subtler, more textured picture of the accounting system under exploration, than· 
might be generated using more conventional methods. 

CONCLUSIONS 
Fred Kofman's [1994] charge to accountants and accounting educators is compelling: Build accounting systems that 
promote understanding. The authors' suggest that, in part, this can be accomplished through the use of system 
dynamics modeling as a hands-on accounting learning tool. Several models were presented, and the potential 
benefits of these efforts were explored. In the final analysis, the greatest leverage SD modeling lends to accounting 
students may be its capacity to promote critical systemic thinking. As Senge & Sterman [1994] suggest, the most 
important result of the mapping process lies in its ability to uncover critical assumptions, allowing students to 
engage in true doub_le-loop learning. 
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.1 Readers are referred to Peterson and Richmond ·c 1998] anq Richardson and Pugh [ 1981] for more complete 
descriptions of this methodology. While it is not the authors' intention to provide a full description of System 
Dynamics methodology, some review is necessary. Readers should pay particular attention to the explanations of 
system dynamics objects (stocks, flows, converters, connectors, conveyors) since they form the backbone of system 
dynamics modeling. 
2 The .following discussion is adapted from Peterson and Richmond [1998] 
3 All of the presented models are specified with unit of time= months, DT or change in time= .25 (or one week), 
and are calculated through simultaneous integration using Euler's Method (the default fur iThink). 
4 There are several software packages based on the system dynamics philosophy and modeling objects, incl_uding 
iThink, Powersim, Dysmap2, Micro World Creator, and Vensim. The authors are not advocating any one package 
over the others. Instead, they are advocating the use of the syst~m dynamics methodology for some accounting 
education. The presented models were mapped using iThink since that is the software with which the authors are 
most familiar . . For a complete description of each package's merits, please refer to chapters 12-18 ofMorecraft and 
Sterman's [1994] Modeling for Leaming organizations. 
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STABILITY OF THE CONFIDENCE INTERVALS OF THE EIGENVALUES USING 
THE RIDGE REGRESSION METHOD 

Manuel A. Rodriguez, Elsa M. Benavides and Manuel R. Pifta 
lnstituto Tecnol6gico de Ciudad Juarez 

ABSTRACT 
This paper emphasizes the using of the Ridge Regression Method (RR) to estimate the coefficients of the complete 
square polynomial by the determination of the confidence intervals of the eigenvalues since they show if a square 
response surface presents a stationary system. The RR performs substantially better than the ordinary least square 
method (OLS). The QLS has shown inefficiency to determine the coefficients polynomial when they are present in 
inherent form, also known as the multicollinearity problem. 

INTRODUCTION 
In the modelation, characterization and exploration of a response s·urface, the eigenvalues obtained from the 
complete quadratic polynomial, which is adjusted from an experimental design, might be expressed in compact form 
as: 

Y=Po +'P'X +X'JJX (I.I) 

These eigenvalues ·play an important role in the estimation of the optimal levels when the response variable presents 
an optimal. Their magnitude and S'ign characterize completely the point or system found. Therefore, if all the 
eigenvalues are negative, the system present a maximal, if all of them are positive the system present a minimal and 
if, at least one is different in sign, the system presents a saddle point (Hoerl, 1985). The eigenvalues confidence 
intervals are of special interest when the modeled system presents a stationary system. In the literature review we 
fQund some intent to determine these intervals. Box and Drap.er (1987) argue that if the design is nearly rotatable, 
then the eigenvalues standard errors are proximally equivalents to the pure quadratic terms. This because 
V( P) = V( P1 ) and V().1) = V( p1) are almost equal. 

Carter, Chinchilli and Campbel (1990) proposed a general method that suggests the application of the Delta 
Method to determine the eigenvalues confidence intervals. Peterson (1993) uses the transformation of the linear 
model to polar coordinates to determine what he called a "band confidence interval for the mean". Also the 
stationary point coordinates and the maximal and minimal eigenvalues of the symmetric·matrix B. Peterson also 
proved that .this interval is equivalent to lfox and Drapers' for rotatable designs if they are defined as 
11(8 )±CauV(r /12

• However Peterson didn't take into account the inherent multicollinearity in (X' X). 

Bisgaard and Ankenman (1998) proposed the Double Regression Method to determine the eigenvalues 
confidence intervals of the matrix B. In this method 'a second adjustment to a second design matrix ( X vJ is made, 

trough ordinary least square (OLS). This matrix ( X DJ is obtained after the original design matrix (XO ), also 

know as information matrix, has being multiplied by ~n orthogonal matrix M ( eigenvectors matrix of X' X ). After 
the second adjustment, the adjusted matrix ( X D) has the eigenvalues in the diagonal of the initial. matrix B. The 

standard errors generated by the application of the adjustment routine are used to estimate the confidence intervals 
as l; ±ti-a/l,n-p( e1S;.e1), where S;., is the covariance matrix, e1 is a vector with an I in the ith position and zeros 

in the other positions~ ri is the number of observations, p is the number of parameters and n - p are the degrees of 

freedom used in the t distribution. Bisgaard and Ankenman also showed that their method is equivalent to the delta 
method proposed by Carter, Chinchilli and Campbel (I 990) but they accept that it is also controversial because they 
use "incidentally" a rotated matrix to be able to make the second adjustment in the method. Therefore that matrix 
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conditions the values obtained in the second adjustment. Moreover they do not take into account the deterioration of 

tl)e matrix· (X' X)-1 th~t generates the problem of multicollinearity inherent to the complete quadratic polynomial. 

In this .paper we proposed the application of the Ridge Regression Method (RR) to adjust the complete 
quadratic polynomial used to model the response surface. The RR method is better to obtain a smaller variance to 
the estima1ed coefficients than the variance generated by OLS (Pifla, Rodriguez and Diaz, 2005a). The RR method is 
also excelle~t to determine the eigenvalues and its intervals to model and characterize the response surface. In the 

section 2 of this paper it is presented the effects of the multicolline_arity over the estimated coefficients p 1 , in 

sections 3 and 4 the structure of RR method and a detailed example of its application and in section 5 the 
determination of the eigenvalues confidence intervals~ A major conclusion is that since the proportional constant K 

is estimated using the var~ance and covariance matrix (X I X) , the vector solution p R is the optimal solution 

because this vector minimizes the ellipsoid of the joint region where we estimate the coefficients (Pifla, Rodriguez 
and Diaz, 2006c). 

THE MULTICOLLINEARITY AND THE POLYNOMIAL COEFFICIENTS 
The multicollinearity problem in the full second order polynomial model is due to the linear dependency among the 
regressors that determine the behavior of the response variable (Montgomery, Peck and Vining, 2003). Without 
losing any generality, let us consider the second order general polynomial model of the form: 

where: 

X12 A 

X22 A 

M 

Xn2 A 

Y=X'P+e (2.1) 

c is a random errors vector with E(c) = O, E(c' c) = o- 2 In and ft, is a vector of p x I · with unknown regressiOJ! 

coefficients that genera11y are estimated by ft= (X 1 x;-1 X'Y , and ( X' X) is a defined positive symmetric matrix 

and X is a non stochastic matrix of range p. When the multico11inearity grows among the regressors, the diagonal 

elements of ( X' x;-1 will be larger than the ideal ( C Ji= I for an orthogonal matrix) being of C jj = oo when the 

dependency among the regressors is exact. The diagonal elements of (X I x;-1 may me represented by: 

C Ji = (] - Rf F 1 (2.2) 

when (X I X) is in the correlation, form, named variance inflation factors (VIF). 
It is easy to observe the effect that the multicollinearity problem have over the estimation of the coefficients by 

OLS when symmetric matrix (X I X) is in the form of correlation matrix, which is given by: 

::: ::: ~;] 
M M 
rP3 1 

(2.3) 

where C Ji= 1, for all j = 1,2, .. . , p and each CiJ = riJ, is the correlation among the regressor i and the regressor j . . 

The matrix after the inversion call precision matrix is given by: 
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O-Rlr1 r12 r13 rip 

(X' .xJ-1 = ' '21 (1-RiFJ r23 r2p 
(2.4) 

M M M M 

r41 r42 r43 (l-R;1l
1 

where Rf, is the correlation coefficient of X 1 with the other regressors. Its clear that if~' depends almost linearly 

of any of the others regre~sors Rt trends to 1, implying that C jj = ( J - Rf1 F
1 trend~ to infinity. Furthermore, as the 

variance of the pol~omial coefficients p1 is given by: 

(2.5) . 

where .the diagonal elements of (X' X)- 1
, are precisely C jj = (1-Ri21 F

1 , then as Rf ➔ J the variance of the 

coefficients V(P1 ) ➔ oo. This affects terribly the estimation of the coefficients that determin_e the eigenvalues for 

the exploration of the response surface by having an inflection effect over the estimate variance of the coefficient 

an~ obtaining a estimation of the coefficient p 1 like a linear combination of the variable X 1 and the other variables 

that are correlated with X 1 . It is even worst, the C jj, added a proportional effect of its length over X5Y on the 

estimation of p1 . These effects could cause the inoperability of the eigenvalues for the optimization process of the 

response surface with the canonical model. The coefficients could be as wrong estimated when the multicollinearity 
problem is present. that, for different samples, the estimated coefficients could even change its sign (Montgomery, 
Peck and Vining 2002). -

THE RIDGE REGRE~SION METHOD 
The Ridge Regression Method is used to minimize the multicollinearity effects within a regression model like 

Y = X' p + e as defined in 2.1. Hoerl and Kennard (1970a and 1970b) proposed the method by and it is used to deal 

with models that present bias. The basic idea of the method is simple and consist in, given the matrix ( X' X) which 

is highly conditioned or close to be singular, it is possible to add positive constants to the diagonal elements to 
assure that the resultant matrix won't be highly conditioned. 

The Ridge Regression Method is given by: 

(3.1) 

which may be redefined to p R == zp where /J is th~ ordinary estimator of OLS given by /J = (x' X }-1 X' Y and 

Z = (1 + Kl ( X' X r1 f1 is the matrix that transforms /J in p R . The variance of p R , is given by: 

(3.2) 

where A 
1 

is the jth eigenvalue of (X' X) that trends to zero when Rf ➔ 1 . Therefore when the constant K is 

added to the diagonal of (X' X) by using the RR method, the effect of the multicollinearity problem over the 
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coefficients is minimized. Since PR is the solution to the optimization of the confidence region of the ellipsoid 

where we obtain the coefficients (Pina, Rodriguez and ·Diaz; 2006c ): This is given by: 

Min:(PR -P )x' x(pR -P) (3 .3) 

Subject to: PRPR ~ r 2 

A FULL QUADRATIC POLYNOMIAL MODEL AJUSTED BY RIDGE REGRESSION METHOD 
In this section it is detailed the application of the Ridge Regression in the determination of the complete quadratic 
polynomial, the eigenvalues and its confidence intervals that are used to set the levels of the factors that optimize the 
response variable. Originally the experiment was published by Box (1954), then retaken by Box and Draper (1987) 
and lately analyzed by Bisgaard and Ankenman (1998). The objective of the experiment was to maximize the output 
of a chemical reaction constrained to two stages and five factors. Their coded variables are: · 

rr1 - 122.5J 
Xi=----

7.5 · { 
2(/ogt 1 - log5) } 

Temperatur e in stage 1 , X 2 = /ogl + 1 Reaction time in stage 1 

(C - 70) . . . (I' - 32.5) x 3 = --- Concentrat wn of the reactant at the stage 1 , X 4 = 2 Temperature in stage 2 
JO 7.5 

and X 5 
__ { 2(/ogt 2 - /ogl .25) } + J 

log5 
Reaction time in stage 2 

The initial design was a standard fractional factorial .25
-

1
• The steepest ascent method was applied to a first grade 

polynomial adjusted by OLS until the experimenter determined that the actual modeled region contented the optimal 
stationary point. Experimental runs were added to convert the fractionated design in a compound central design 
(with 1 ·1 central points) and to adjust a complete second grade polynomial to make the characterization and 
exploration of the region, Box and Draper (1987). The design matrix in coded variables and the response vector to 
this compact region are presented in Table 1. · 
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Table 1: Coded Regressors Matrix 
X1 X2 X3 X4 Xs y 
-1 -1 -1 -1 1 49.80 

-1 -1 -1 -1 51.20 
-1 -1 -1 -1 50.40 
1 -1 -1 1 52.40 

-1 - 1 -1 -1 49.20 
1 -1 -1 1 67. 10 

-1 -1 59.60 
-1 -1 67.90 

-1 - 1 -1 -1 59.30 
1 -1 -1 70.40 

-1 -1 1 1 69.60 
1 -1 l -1 64.00 

-1 -1 1 53 : 10 
-1 -1 63.20 

-1 -1 58.40 
X= 1 I 1 1 Y= 64 .30 

3 -1 -1 63.00 
- 3 -1 63.80 
-1 -3 1 53 .50 
-1 -1 3 66.80 

1 -1 -1 · 1 3 67.40 
1.23 - 0.56 -0.03 0 .69 0.70 72.30 
0.77 -0 .82 1.48 1.88 0·.77 57.10 
1.69 -0.30 -1.55 -0.50 0 .62 53.40 
2.53 0 .64 -0.10 1.51 1.12 62.30 
-0 .08 -1.75 0 .04 -0 . 13 0.27 61.30 
0.78 -0.06 0.47 -0.12 2.32 64.80 
1.68 -1.06 -0.54 1.50 -0.93 63.40 
2.08 -2 .05 -0.32 1.00 1.63 72.50 
0.38 0.93 0 .25 0.38 -0.24 72.00 
0 . 15 -0.38 -1.20 1.76 1.24 70.40 
2.30 -0.74 1.13 -0.38 0.15 71.80 

The full second order polynomial model adjusted by OLS with the data from table I is: 

Y =68.7172+3.2584X1 + 1.5815X2 +l.1611X3 +3.4744X4 +1.4877 X 5 -1.6103Xj -1.3545Xj -2.5845Xf 

-2.3356X; -1.4216Xj -1.9038X1X 2 +2.1018X1X 3 - 0.3523X1X 4 - 0.0442X1X 5 + 0.5987X2X3 

- 0.1679X2X 4 - 1.0985X2X 5 -3.55X3X 4 ~D.7521X3X 5 +0.4019X4 X 5 

The VIF for this adjustment obtained from the Minitab® routine is: 

Regression Analysis: Yversus Xl, X2, ... 

P,redictor Coe/ SECoef T p VIF 

x2 
I -1.6103 0.2395 -6.72 0.000 3.3 

xJ .:.1.3545 0.2795 -4.85 · 0.001 3.1 

x2 3 -2.5845 0.2337 -11.06 0.000 1.9 

x2 
4 -2.3356 0.2818 -8.29 0.000 3.1 

x2 
5 -1.4216 0.2417 -5.88 0.000 2.5 

A proportion of the scaled precision matrix corresponding to this VIF is: 

3.308 0.827 0.600· 0.834 1.042 

0.827 3.053 0.954 1.053 1.117 

( X'X rl = 0.600 0.954 1.937 0.460 0.796 (4.1) 

0.834 1.053 0.460 3.063 0.888 

1.042 1.117 0.796 0.888 2.467 
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and the proportion of the precision matrix corresponding to the pure quadratic terms without being scaled is: 

0.0280 0.0085 0.0065 0.0086 0.0103 

0.0085 0.0382 0.0125 0.0132 0.0134 

SJ= 0.0065 0.0125 0.0267 0.0061 0.0100 (4.2) 

0.0086 0.0132 ·0.0061 0.0388 0.0107 

0.0103 0.0134 0.0100 0.0107 0.0285 

the eigenvalues and their confidence intervals are given in the table 2. 

T bl 2 C fid a e on l ti OLS Ad" ence Interva s or 1Justment 
Eigenvalue Estimation Standard error Confidence Interval 

A.1 -4.461 ± 0.239 ( -4.222, - 4. 700) 

A.2 -2.625 ± 0.279 (-2.346, -2.904) 

A.3 -1.782 ± 0.234 (-1.548, -2.016) 

A.4 -0.398 ± 0.282 (-0.116, -0.680) 

A.5 -0.040 ± 0.242 ( +0.202, - 0.282) 

Since the stationary point found xs = _!_ B-1 jJ = (2.500, -1.093, 1.248, -0.309, 0.533) fell inside the 
2 . 

experimental region, the canonical model in its form B, at this point is: 
. A 1 A 

Y = 72.5102-4.461W/-2.625Wf-J.7827Wf-0.398W} wi~h a response value of Ys = Po +2xsP = 72.5102. 

For the RR adjustment, the data from the Table 1 was scaled by the unit-length method. The scaled data is presented 
in table 3. 

The model and the results obtained from the adjustment of the data from table 2 is: 
A 2 2 2 Y = 0.00+0.20259X1_+0.10896X2 +0.21641X3 +0.31819X4 +0.14082X5 -0.31763X1 -0.24471X2 -0.48295X3 

-0.40416Xj -0._26317 xJ -0.28808X,X2 +0.30388X1X3 -0.05279X,X4 -0.00597 x,x5 70.07616X2X3 

-0.02281X2X 4 -0.15118X2X 5 -0.52389X3X 4 -0.09917 X 3X 5 +0.05477 X 4X 5 

S=0,03470 R-Sq=98,7% R-Sq(adj) = 96,3% 
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Table 3: Scaled Data to Adjust a Full Second Polynomial Model 
Lineal Effects Quadratic Effects 

x, X2 X3 X. ' X, x.2 X22 x/ x.z x/ x,xz 
-0.258 -0.100 -0.130 -0.244 0.091 0.171 -0.101 -0.067 0.142 -0.108 0.197 
0.056 -0.100 -0.130 -0.244 -0.244 -0.140 -0.101 -0.067 0.142 0.133 0.007 

-0.258 0.238, -0.130 -0.244 -0.244 0.177 0.121 -8.067 0.142 0.133 -0.332 

X1X3 x ,x. ' x,x, 
0.238 0.348 -0.200 

-0.022 -0.133 -0.137 
0.238 0.348 0.360 

Proceedings of the 2006 IEMS Conference 

Interaction Effects 

X2X3 XzX. XzX, 
0.050 0.201 -0.016 
0.050 0.201 0.192 

-0.245 -0.339 -0.324 

XJX. x~ 
0.216 -0.043 
0.216 0.242 
0.216 0.242 

~ 
-0.184 
0.338 
0.338 

y 

-0.299 
-0.265 
-0.284 

0.056 0.238 -0.130 -0.244 0.091 -0.140 0.121 -0.067 0.142 -0.108 0.122 -0.022 -0.133 -0.015 -0.245 -0.339 0.176 0.216 -0.043 -0.184 -0.235 
-0.258 -0.100 0.207 -0.244 -0.244 0.177 -0.101 0.054 0.142 0.133 0.197 -0.316 0.348 
0.056 -0.100 0.207 -0.244 0.091 -0.140 . -0.101 0.054 0.142 -0.108 0.007 0.100 -0.133 

-0.258 0.238 0.207 -0.244 0.091 0.177 0.121 0.054 0.142 -0.108 -0.332 -0.316 0.348 
0.056 0.238 0.207 -0.244 -0.244 -0.140 0.121 0.054 0.142 0.133 0. 122 0.100 -0.133 

-0.258 -0.100 -0.130 0.09J -0.244 0.177 -0.101 -0.067 -0.115 0.133 0.197 0.238 -0.194 
0.056 -0.100 -0.130 0.091 0.091 -0.140 -0.101 -0.067 -0:115 -0.108 . 0.007 -0.022 -0.014 

-0.258 0.238 -0.130 0.091 0.091 0.177 0.121 -0.067 -0.115 -0.108 -0.332 0.238 --0.194 
0.056 0.238 -0.130 0.091 -0.244 -0.140 0.121 -0.067 -0.115 0.133 0.122 -0.022 -0.014 

-0.258 -0.100 0.207 0.091 0.091 0.177 -0.101 0.054 -0.115 -0.108 0.197 -0.316 -0.194 
0.056 -0.100 0.207 0.091· -0.244 -0.140 -0.101 0.054 -0.115 0.133 0.007 0.100 -0.014 

-0.258 0.238 0.207 0.091 -0.244 0.177 0.121 0.054 -0.115 · 0.133 -0.332 -0.316 -0.194 
0.056 0.238 0.207 0.091 0.091 -0.140 0.121 0.054 -0.11~ -0.108 0.122 0.100 -0.014 
0.371 -0.100 -0.130 0.091 0.091 0.531 -0.101 -0.067 -0.115 -0.108 -0.183 -0.281 0.166 
0.056 -0.437 -0.130 0.091 0.091 -0.140 0.757 -0.067 -0.115 -0.108 -0.109 -0.022 -0.014 
0.056 -0.100 -0.466 0.091 0.091 -0.140 -0.101 0.858 -0.115 -0.108 0.007 -0.143 -0.014 
0.056 --0.100 -0.130 0.427 0.091 -0.140 -0.101 -0.067 0.755 -0.108 0.007 -0.022 0.105 
0.056 -0.100 -0.130 0.091 0.426 -0.140 -0.101 -0.067 --0.115 0.704 0.007 -0.022 -0.014 
0.093 -0.025 0.034 0.039 0.041 -0.113 -0.145 -0.139 -0.149 -0.139 0.027 0.045 --0.024 
0.020 -0.069 0.288 0.239 0.052 -0.154 -0.125 0.238 0.129 -0.134 0.032 0.062 -0.016 
0.165 0.019 -0.222 -0.160 0.027 -0.020 -0.146 0.083 -0.028 -0.143 0.060 -0.209 -0.212 
0.297 0.178 0.022 0.177 0.111 0.285 0.001 -0.142 0.000 -0.089 0.361 0.067 0.282 

-0.113 -0.226 0.045 -0.098 -0.031 -0.092 0.094 -0.135 -0.108 -0.142 0.196 -0.008 0.023 
0.022 0.059 . 0.118 -0.097 0.312 -0.154 -0.131 -0.080 -0.110 0.310 0.049 0.041 --0.060 
0.163 -0.110 -0.052 0.175 -0.233 -0.023 -0.091 -0.132 -0.003 0.107 -0.068 -0.029 0.133 
0.226 -0.277 -0.015 0.091 0.196 0.100 0.215 -0.143 -0.115 0.034 -0.339 0.003 0.083 

-0.041 0.227 0.081 -0.013 -0.117 -0.148 0.095 -0.114 -0.156 -0.082 -0.015 0.004 -0.043 
-0:011 0.005 -0.163 0.219 0.131 -0.126 -0.148 -0.021 0.083 -0.066 0.038 0.105 -0.152 
0.261 -0.056 0.229 -0.140 -0.052 0.184 -0.133 0.098 -0.058 -0.134 -0.047 0.406 -0.275 

0.360 -0.176 0.201 0.192 
-0.015 -0.176 0.201 -0.016 
-0.200 0.296 -0.339 0.176 
-0. 137 0.296 -0.339 -0.324 
0.360 0.050 -0.017 0.192 

-0.015 0.050 -0.017 -0.016 
-0.200 -0.245 0.184 0.176 
-0,137 -0.245 0.184· -0.324 
-0.200 -0.176 -0.017 -0.016 
-0.137 -0.176 -0.017 0.192 
0.360 0.296 0.184 -0.324 

-0.015 0.296 0.184 0.176 
0.170 0.050 -0.017 -0.016 

-0.015 0.345 -0.219 -0.209 
-0.015 0.276 -0.017 -0.016 
--0.015 0.050 -0.236 -0.016 
0.108 0.050 -0.01 ? -0.225 

-0.024 -0.043 0.036 0.034 
-0.041 -0.171 -0.066 0.017 
-0.019 -0.065 0.022 0.043 
0.165 -0.011 0.248 0.163 

-0.025 -0.106 0.188 0.085 
-0.004 0.010 0.005 0.156 
-0.294 0.002 -0.084 0.200 
0.240 -0.009 -0.123 -0.300 

-0.017 0.087 0.023 -0.126 
-0.113 -0.043 0.050 0.044 
-0.135 -0.123 0.093 0.058 

-0.266 -0.299 
-0.266 0.158 
-0.266 0.158 
-0.266 -0.299 

-0.039 0.242 
-0.039 -0.043 
-0.039 -0.043 
-0.039 0.242 
0.141 0.158 
0.141 -0.299 
0.141 -0.299 

0.141 0.158 
-0.039 -0.043 
-0.039 -0.043 
--0.219 --0.245 
-0.293 -0.043 
-0.039 -0.329 
0.038 0.043 
0.433 0.133 
0.239 -0.006 
0.053 0.050 
0.004 0.025 

-0.036 0.276 
-0.023 0.114 
0.022 0.015 
0.024 -0.028 

-0.179 -0.107 
-0.157 -0.044 

0.338 
-0.184 
-0.184 
0.338 

-0.185 
Q.010 
0.010 

-0.185 
0.010 

-0.185 
-0.185 

0.010 
0.010 
0.010 
0.010 
0.205 
0.205 

-0.032 
0.037 

-0.070 
0.083 

-0.023 
-0.235 
-0.302 
0.072 

-0.033 
0.140 
0.004 

-0.313 
0.123 

-0.060 
0.143 

-0.067 
0.204 
0.184 
0.047 

-0.218 
0.028 

-0.089 

0.055 
0.023 
0.043 

--0.209 
0.116 
0.130 
0.250 

-0.121 
-0.211 
0.006 

-0.018 
0.067 
0.033 
0.255 
0.243 
0.204 
0.238 

2 

The va]ue ofK used in the estimation is given by K = , p~ [see Law]ess and Wang, 1976; Pifia, Rodriguez 
· /J(XX)/3 

and Diaz, 2006c] is: K = 21(0.034lJJ53)2 10.98659= 0.0259494. With this va]ue of K, the data from Table 3 is 

increased with a diagonal matrix, with diagona] e1ements as ✓K. Portion of the increased data is presented in Table 
4. 

Table 4· Partial Scaled Data with the Root ofk 
Lineal Effects Quadratic Effects Interaction Effects 

X1 X2 Xi X. X. X,' X2' x,z x/ X/ X1X2 X1Xi X1X. X1X1 X2X3 X2X. 
-0.258 --0.100 -0:130 --0.244 0.0911 0.177 -0.101 -0.067 0.142 -0.1081 0.197 0.238 0.348 --0.200 0.050 0.201 

--0.077 0.005 --0.163 0.219 0.131 --0.126 -0.148 --0.021 0.083 --0.066 0.038 0.105 --0.152 --0.113 --0.043 0.050 
0.261 --0.056 0.229 --0.140 --0.052 0.184 -0.133 0.098 -0.058 --0.134 --0.047 0.406 --0.275 --0.135 --0.123 0.093 

0.160 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0.160 0 0 0 0 0 Q. 0 0 0 - 0 0 0 0 0 
0 0 0.160 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0.160 0 0 o· 0 0 0 0 0 0 0 0 0 
0 0 0 0 0.160 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0.160 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0.160 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0.160 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0.160 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0.160 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0.160 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 o· 0 0.160 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0.160 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 .o 0 0.160 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.160 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 () 0 0.160 
0 0 0 o · 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

The model and the resu]ts obtained from the adjustment of the data from table 4 are: 
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X2X. X3X. 
-0.016 0.216 

0.044 --0.179 
0.058 --0.157 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0.160 0 
0 0.160 
0 0 
0 0 

XJX. · 
--0.043 

--0.107 
--0.044 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.160 
0 

X.X1 
--0.184 

0.140 
0.004 
0 
0 
o· 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.160 

y 

--0.299 

0.204 
0.238 
0 
0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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A • 0 2 
_ Y = 0.00+0.20969X1 +0;10397 X2 +0.212.10X3 +0.3U04X4 +0.1419~X5 .;_0.29227 Xi 

. -0.21343Xj -0.46031Xf -0.37443X} -023595Xff -0.27755X1X 2 +0.29870X1X3 

~0.06660X1X 4 -0.01686X1X 5 +0.06955X2X 3 -:-0.01381X2X 4 -0.14708X2X5 

-0.51027 X 3X 4 -0.09590X3X 5 +0.04442X4X 5 

S=0,03808 R-Sq=95.5% . R-Sq(adj)=92,6% 

a proportion of the scaled precision matrix corresponding for .these VIF's is: 

1.753 0.452 .0.362 0.443 0.573 

0.452 1.982 0.646 0.623 0.678 

(X'xrl = 0.362 0.646 1.515 0.292 0.533 

0.443 0.623 0.292 1.859 0.519 

0.573 0.678 0.533 0.5/9 1.579 

~4.3) 

The estimated sc.aled coefficients of this polynomfal named as bj, are converted to the original coeffici~nts into 

coded data using the expressions: 

(4.4) 

PA[::] (4.5) 

Where b j, is the }th coefficient estimated from the da4i from table 4 SST= i: &; -Y f 
I 

is the total square sum and 

n 

SS Ji = L (xij - x 1 Y . is the corrected total square sum of the j-regressor variable. 
I 

The full second polynomial model converted to the original coded variables is: 

Y = 67.96177 +J.'35200X1 +0.72021X2 +l.4636JX3 +2.15930X4 +0.97496X5 -l.10263Xf 

-0.97834Xff -2.21432Xj -l.72711X} -J.04013X] -l.51292X1X 2 +1.72124X1X 3 

-0.36433X1X 4 -0.'09404X1X 5 +0.46392X2X 3 -0.08689X2X 4 -0.89631X2X 5 

-3.01639X3X 4 -0.61766X3X 5 +0.27036X4 X 5 

The data of the polynomial are given by: 

-1.10263 -0.75646 0.86062 -0.18217 -0.04702 1.35200 

-0.75646 -0.97834 0.23196 -0.04345 -0.44815 0.72021 

B= -0.86062 0.23196 -2.21432 -1.50819 -0.30883 Po= 67.96177 and pj = 1.46361 

-0.18217 -0.04345 -1.50819 -1.72711 0.13518 2.15930 

-0.04702 -0.44815 -0.30883 0.13518 -1.04013 0.97496 

The corresponding eigenvalues and eigenvectors are: 
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-0.603 0.308 -0.286 0.629 -0.254 

0.218 -0.716 0.224 0.612 -0.123 

Eigenvectors ' := -0.551 -0.234 0.218 -3 
-3.164x IO 0.771 

0.514 0.267' -0.424 0.399 0.57 

0.146 0.516 0.8 0.265 0.036 

-3.66555 0 0 0 0 

0 . -1.97895 0 0 0 

Eigenvalues := ff 0 -1.30502 0 0 

0 0 0 -0.23706 0 

0 0 0 0 0.12405 (4.6) 

The stationary point is: xs =-!_fr1/J=(0.217, -0.-441, -0.587, 1.203, 0.980) andtheestimatedresponseatthis 
2 . 

A 1 A 

point is Ys = Po +2xs,P = 69.29677. 

Observe that with these eigenvalues, we can wrongly characterize the response surface like a saddle system when it 
really is a stationary system as it is established in the following section. 

CONFIDENCE INTERVALS OF THE ;.1 EIGENVALUES 

Observe from (4.5) that lm1n, has a positive value and it is close to zero. For these reasons it is necessary to estimate 

its confidence interval to determine if the system represents a ridge system or a saddle system. The confidence 
_intervals (1-a)JO0 = 95% are given by l 1 ±t(J-_a),n-pSJe where 10_975,11 = 2.201, 

·;.,1 ±t(l-a/2),n-pu[( VIFRR )c jj]½ with a= 1.431 obtained from the adjusted model from table I, C jj, is thejth 
VIFMc 

diago_nal element defined in (4.2), VIFRR is thejth diagonal element defined in (4.3) and VIFoLS is thejth diagonal 

element defined in (4.1). The ,standard error for A.5 in this example is (J.431)\l l.579x0.0285/ 2.467 = 0.19327. 

- . 
The eigenvalues and their confidence int~rvals are presented in table 5. With this data we can consider that_ .l5 is 

zero, and since xs is inside the exploration region, the canonical polynomial model adjusted in its form Bis given 

by: 

Y = 69.29677-3.66555W/-1.97895Wf-1.30502W}-0.23706W; 

C()NCLUSIONS 
When the multicollinearity is present in the estimation of the regression coefficients, the Ridge Regression Method 
gives stability to this estimation because the mean square error of RR is smaller than the one from OLS. This 
improvement might be estimated to each coefficient using the V/F when we established the confidence intervals. 
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Table 5 Confidence Intervals of the Eigenvalues . 

A.1 -3.66555 ± 0.17431 (-3.49124, -3.83986) 

A.2 -1.97895 ± 0.22535 (-1.75360, -2.20430) 

A.3 -1.30502 ± 0.20679 (-1.09823, -1.51181) 

A.4 -0.23706 ± 0.21959 (-0.01747, -0.45665) 

A.5 0.12405 ± 0.19327 (0.31732, -0.06922-)' 

Also the improvement can be estimated if we compare the VIF of ordinary least square and the VJF of ridge 
regression. Due to this reason and since the RR method is the.optimized solution of the ellipsoid; the RR is the most 
efficient method to minimize the effects that the multicollinearity problem generates over the estimated coefficients. 
The application of this method aloud us to determine precisely the full second polynomial model and, as a · 
consequence, the eigenvalues used in the canonical polynomial. These eigenvalues are critical in the characterization 
and exploration of the surface. Especially when we have small eigenvalue (stationary system like in A. 5 ) and the 

canonical polynomial for the exploration is not clear. Observe also that the multicollinearity problem_ is inherent to 
the complete quadratic polynomial model and, although the maximum inflation factor presented in 4.1 was relatively 
low (3.3), the application of the Ridge Regression let us a more efficient statistical determination of the confidence 
intervals and a lot more confidence in the characterization and exploration of the response. 
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ABSTRACT 
A genetic algorithm is developed for the retail sector staff scheduling. The proposed algorithm is implemented and 
compared with the conventional integer programming approach. The performance of the algorithm is tested on three 
real-world problems. A sensitivity analysis is carried out for two genetic parameters, population size and mutation 
rate. Then, all test problems are solved using different combinations of these parameters. Using statistical analysis, 
the effects of population size and mutation rates on the solution quality and computational times are studied, and 
recommendations are made on the appropriate levels of these two parameters. 

INTRODUCTION 
Personnel scheduling for an organization is described as the process of producing optimized timetables for its 
employees. This process starts with the determination of staffrrig requirements and terminates with the allocation of 
each individual to a specific task over a period of time. The work regulations associated with the relevant workplace 
agreements must be observed and the individual work preference·s should be valued during this process. Personnel 
scheduling problems are typically highly constrained and complex optimization problems. Finding good solutions 
for these problems is extremely difficult and even it is more difficult to determine optimal -solutions that minimize 
costs, meet staff preferences, fulfill shift equity among staff and· satisfies all the workplace constraints. 

The labour scheduling process starts with the determination of staffmg requirements which is referred to as demand 
modeling in the literature. Ernst et al. (2004a) describe two main components in demand modelling: (1), a method 
for translating incident data to a demand for staff, and (2), a method for forecasting incidents, unless the incidents 
are derived from a known timetable. These methods are varied in different applications of staff scheduling. In some 
applications of rostering, the demand may be generated from incidents in a · reasonably straightforward, though . 
possibly complicated, manner. for example, in crew scheduling in airlines, railways, buses, and mass transit, the 
demand for crew is very straightforward because crew rosters are determined by known timetables. In this case, the 
demand for staff is attained from lists of individual tasks to be performed. The tasks are defmed in terms of an 
earliest starting time, a latest finishing time, a duration, a location and possibly the skills required to perform the 
task. The other examples are nurse scheduling and ambulance services, in which the demand is obtained directly 
from a specification of the number of staff that are required to be on duty during different shifts. For nurse 
scheduling, a shift is often defined as a day's work for a worker. In other applications of rostering, such as call 
centres and retailers, the nature of demand is fluctuating. In these cases, there are no known timetables or list of 
tasks, the likelihood of future incidents, such as the fluctuating arrivals of customer queries to a call centre, must be 
modeled by forecasting techniques. The conversion from an incident forecast to staffmg requirements is 
accomplished using techniques such as queuing theory or simulation. The result of such a conversion is the number 
of staff required at each skill level for each time period. 

After performing demand modeling, the next steps of rostering _are (l) shift scheduling, (2) days-off scheduling, (3) _ 
tour scheduling and (4) task assignment. Bechtold et al. (1991) and Ernst et al. (2004a, b) describe these terms ·as 
follows. Shift scheduling involves selecting a set of.the best shifts from a (large) pool of candidate shifts on a single 
day for each employee. Each shift is a set of employee work schedules defined by start, finish and break times 
across a daily planning horizon. Shift scheduling for transportation systems is recognized as crew scheduling. Days
off Scheduling specifies work and non-work days for employees when the employee work-week is shorter than the 
operating week (rostering horizon). Tour Scheduling addresses both days-off and shift scheduling over a weekly 
planning horizon. The process involves both choosing the off days for the workers and allocating shifts for each of 
their working days over the rostering horizon. Tour schecJuling reduces to shift scheduling when the rostering 
horizon is one day. Finally, Task Assignment is the process of allocating a set of tasks, with specified start and end 

• Corresponding author. Tel.:+ 1-416-979-5000 x 7735; fax:+ 1-416-979-5265; email: szolfagh@ryerson.ca. 
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times and skill requirements, between a group of workers who have already been assigned .to a set of working shifts 
. (Ernst et . a~, 2004a, b ). If shift definition for an organization includes the start time, end time, task and skill 
requirement, this step is the same as shift scheduling. 

Ernst et al. (2004a) -categorize the ·personnel scheduling solution techniques as follows: 
Artificial intelligence (Al): Artificial Intelligence can be .described as the simulation of certain human intelligence 
processes using machines, especially computer systems. These processes include learning, reasoning and self
correction. The learning is used to acquire information and rules;. the entire knowledge of the system designer about 
the process to be controlled is stored as rules (Zimmermann, 1996). The reasoning process involves using the rules 
to reach approximate or definite conclusions. Burke et al. (2004) states: "Reasonin~ process imitates the human 
style of reasoning in which problems are solved using past experience, on the premise that similar problems require 
similar.solutions". Artificial intelligence techniques including fuzzy set theory, search and expert systems have been 
applied to rostering problems. Fuzzy set theory has been used to solve air crew scheduling problems. When there 
are many human factors that cannot easily be modeled in so~are, and usually are left up to the person in charge of 
rostering, the expert system approach can work well. An expert system is a computer program that simulates the 
judgement and behaviour of a human, or organisation, with expert knowledge and experience in a particular field~ 
Typically, a complex set of rules for applying the knowledge base to a set of situations is setup. For scheduling and 
rostering systems, these rules would be used to construct duty pairings and rosters. 
Constraint programming (CP): Domain variables are used to describe the data representing a problem. Each 
variable has a .set of potentially feasible values, known as an associated domain. The different relationships that 
must be met by a set of variables is known as a constraint. Many scheduling and rostering problems contain 
complex rules that are very hard to model as mathematical equations. Constraint programming (CP) provides a 
powerful tool for finding feasible solutions to these types of problems. When a problem is highly constrained or 
when non-optimal feasible solutions are sufficient, CP becomes particularly valuable. Nurse rostering, where the 
rules are often rigid and highly constrained, is one area where pure CP approaches have been used and have 
performed well. Some people have attempted to combine CP with traditional Operation Research (OR) techniques 
because optimization with CP is generally quite inefficient. One example of that is using CP as a pre-processing 
technique to reduce the problem size before using linear programming (LP) based branch-and-bound method to 
perform the optimization. 
Mathematical programming: In mathematical programming approaches, scheduling and rostering problems are 
formulated as linear programs or linear integer programs, or general mathematical programs. The lowest cost 
solutions are usually achieved using algorithms based on mathematical programming approaches. However there 
are a number of shortcomings with these approaches that prevent them from being universally applied: · 

Mathematical programming formulations are more limiting in what constraints and objectives can be expressed 
easily. Hence, · these approaches are more commonly applied to unsophisticated versions of the real world 
rostering problem or where there are few complications in the original problem (Ernst et al., 2004a). 
Implementing a good integer programming method for a particular crew scheduling and rostering problem is a 
quite difficult and lengthy process. This is only warranted when the advantage of the reduced cost of solutions 
obtained is significant, and when the rostering rules and regulations are relatively static over time (Ernst et al., 
2004a). 
Cai and Li (2000) ·state that "The staff scheduling problem is in general very difficult to solve · even if it is only 
involved with a single objective and one skill. In fact the problem has been known to be NP-complete (section 
1.4.3). When multiple criteria and skills are included, the problem becomes much more difficult to be solved by 
traditional mathematical programming techniques". 

Meta-heuristics: Meta-heuristic such as genetic algorithm (GA), tabu search (TS) and simµlated annealing (SA) are 
most generally used to solve problems classified as NP. Herbert (1994) classifies the decision problems into two 
groups: (l ), class P (polynomial) and (2), class NP (nondeterministic polynomial). P is the class of decision 
problems for which it is easy to find a solution. NP is the class of decision problems for which it is easy to check the 
correctness of a claimed answer. A decision problem is NP-complete if it belongs to class NP and every problem in 
NP is quickly reducible to it; i.e., if an algorithm exists that can solve an NP-complete problem, then it can solve all 
NP problems. A problem is hard if it is not possible to guarantee, at most, a polynomial running time for the worst 
case scenario of the problem. The complexity of a problem · is the cost of solving the problem and usually is 
measured in running time. Running time is usually expressed as a function of ·input size, if the running time is at 
most a polynomial function of the input size, then the problem is easy, otherwise is hard. The fact that a problem is 
hard does not mean that every instance of it has to be hard, but it means it is not possible to devise an algorithm for 
which fast performance for all instances of the problem can be guaranteed. . So if ,it is desired to see whether the 
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problem is hard or not; ·or if an algorithm is fast, the worst case scenario of it must be considered· sometimes the 
average c~se input c_~ _be ~onsidered too. Meta-heuristics form an ipiportant class of methods that' solve hard, and 
~sually ~1screte,_ opt1m1sat10n_ problems._ Problems which appear to be particularly appropriate for meta-heuristics 
mclude tlilletabhng and real-hfe schedulmg problems. The popularity of these types of methods for solving rostering · 
problems is due to a number offactors'including: 

They tend to be relatively_ robust. They ca!lllot be guaranteed to produce an optimal solution, but they can 
usually produce a reasonably good feasible solution for a wide range of input data in a limited amount of 
runni,ng time. In contrast to this, integer programming approaches often run the risk of not returning any 
feasible solutions for a long time. . 

Most meta-heuristics are relatively simple to implement and allow problem specific information to be 
incorporated. · · 

Heuristics make it easy to deal with complex objectives, whether these are real staffmg costs or penalties for 
violating constraints that are desirable but not mandatory. Airline and bus driver crew scheduling, nurse 
rostering and cyclic staff scheduling problems are some examples of rostering applications to which meta
heuristics have been implemented. 

One of the popular meta-heuristics is the genetic algorithm (GA). In this paper, the problem of staff scheduling with 
different skills and employee types for large retailers is studied. The objective of this study is to determine a 
schedule for each employee, for a specific location of the retailer~s store that minimizes the amount of total payroll 
cost and penalties for violating the various rules and employee preferences.· In this study, a GA is applied as the 
solution method to this problem and the effectiveness of GA on such problems is investigated. As it was indicated 
before, persoooel scheduling/rostering has received little attention for retail business in the literature; however, 
significant work has been done in other areas of personnel scheduling (such as crew scheduling, nurse scheduling, 
call centers and rostering with multi-criteria). Shift definition, large problem size, different employee types, various 
sldlls and skill levels, various jobs and locations, different staff demands, considering employee's availability and 
seniority are the features that differentiate this study from the other studies in the literature. In this research, a shift 
includes day, location, start and end times, skill and activity, while in other cited studies in the literature, shift 
includes only start and end times. A wide range in problem size is considered in this study (from 17 employees to 
600 employees), while in other studies, only problems with small size (such as i7 employees) have been considered. 
In this study, there is no limitation on the number of employee types, skills, jobs and required employees, while 
these have been limited in other studies . 

. In many personnel scheduling applications, GA has been used as a solution method and encouraging results have 
been achieved. To the best of our knowledge, GA has been· implemented for the retail personnel scheduling only in 
one case by Abboud et al. (1998). What differentiates this research from the mentioned survey are as follows. 
Abboud et al. (1998) did not specify the required number of salesmen for each branch. Instead, for each branch, a 
fuzzy target gross sale was given. However in this research, the required number of employees is considered. The 
solution of the problem studied by Abboud et al. (1998) does not specify which salesman, for which task and for 
what time period is assigned to a specific branch; it only specifies how many employees to be assigned to each 
branch. However, the solution of the problem in this paper specifies which employee is assigned to which shift (day, 
location, start and end times, skill and activity). In gen~ral, the constraints and objectives in this study are more 
comprehensive than those available_ in the literature. 

PROBLEM DESCRIPTION 
The aim of the undertaken problem is to determine a schedule for each employee in a specific location of the 
retailer's store that minimizes the amount of total payroll cost and penalties that result from violating various rules 
and employee preferences. Large retailers continuously encounter fluctuation in customer demand and workforce 
availability, and as a result, face the issue of understaffing or overstaffing. The key for a retailer success is 
scheduling an adequate number of employees. Understaffmg leads to poor customer service, causing reduced 
customer conversion rates and a potential loss of revenues. l)nderstaffmg can also lead to employee dissatisfaction. 
Overstaffing results in payroll expenditures. Appropriate labour scheduling enhances customer service, operational 
efficiency and employee satisfaction. It is very important for a retailer to ensure the right employees, with the right 
skills, be in the right place at the right time. 

Rules and Constraints 
Retailers have many rules or constraints related to either their own corporate policy or labour union regulations. 
These rules make the labour scheduling problem in a retail environment very complex. It is common to have 
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different types of retailers having different policies and rules. In . this study, the following constraints are 
· ~plement~d . . Each rule or constraint depending · oh the company policy or union regulation is classified as soft, 

hard or scheduling preferences. Hard constraints are those that must be satisfied and soft constraints are those that 
can be broken subject to a penal~. Table I lists the hard constrains and soft constraints of this .problem. 

Table 1: List of constraints and their classifications 
Hard Constraints 
Ho~our ~mployee availability 
Honour employee skills 
Enforce maximum one shift per day 
Enforce maximum intervals per day 
Enforce maximum intervals per schedule 
Enforce maximum consecutive days 

Soft. Constraints 
Enforce minimum intervals per week for fixed shift employees 
Satisfy minimum staff requirements 

· Satisfy staff requirements 
Enforce required intervals per week for salaried employees 

In addition to the above constraints, the following scheduling preferences are also considered: 
Seniority: This is the preference to schedule employees with higher seniority. 
Skill level .: This is the preference to schedule employees w.ith higher skill level. 
Option-weight: This is the preference to schedule a specific employee-shift choice over another. 

· Group.:.weight: This is the preference to schedule a particular employee group type such as full time employees. 
Employee Classification 
In this study, an employee is classified into the following categories: 

Part time 
Full time 
Fixed shift 
Salary 
Hourly 

Data Generation 
The data used in this study is generated by an existing forecasting and scheduling systems. The forecasting system 
performs sales forecasts for the associate retailer and generates workload requirements. The scheduling system 
keeps track of employee availability, employee preferences and retailer regulations (minimum/maximum hours that 
each employee can work, maximum shifts per day/schedule, limit overtime per day, per schedule and so on), 
employee category (full time, part time, fixed shift, salaried, hourly), employee specifications (seniority, wagernte, 
skills, ... ), employee schedule history (previous weekends worked, previous nights worked) and shift rules. The 
existent pre-processor (written in Java) uses the information from these two systems and generates several data files, 
some of which are used in this study. 

GENETIC ALGORITHM APPROACH 
Background 
Genetic algorithm (GA) introduced by Holland (1975) is a stochastic search technique based on the process of 
natural evolution. Unlike many other search methods that follow only one search path at a time, genetic algorithms 
search through several paths simultaneously. Figure 1 illustrates the major steps in genetic algorithms. 
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Figure 1. Major steps during one generation of genetic algorithms 

Next Generation 
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Population and the 

Offspring · 

The algorithm starts with a set of random initial solutions known as population. Each individual entry in the 
population is called a chromosome. Eacli chromosome represents a feasible solution by a sequence of binary or real 
numbers known as genes. Note that the chromosome representation shown in the figure is for illustration purpose 
only and it does not represent the labour scheduling application of this paper. Through an evolution process, a new · 
generation of chromosomes replaces the current. population. The new population could include both parent 
chromosomes and newly generated chromosomes known as offspring. The offspring chromosomes are generated by 
a crossover operator and may pass through an operation known as mutation. Crossover operation refers to the merge 
of two parent chromosomes and formation of two new chromosomes. Mutation is in fact the modification of the 
structure of a selected chromosome by arbitrarily changing one or more genes. The survival of the chromosomes to 
form the next generation is carried out using a fitness function. The fitness function evaluates the quality of the 
offspring and parent chromosomes, and chooses the best fit chromosomes among the parents and offspring for the 
next generation. This evolutionary process continues until either a limited number of generations is reached or no 
more better chromosomes can be generated. 

The GA Design for Retail Labour Scheduling 
To describe the developed GA in this study, first some terms and data files are described as follows: 
- Interval: An interval is the smallest segment of time that is defined for scheduling purpose. 
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Shift: A shift specifies day, location, position, skill, activity, start time and length . . 
- Job: A job specifies location, position, skill and activity. 

Choice: A choi~e is formed by assigning a possible shift to an employee. 
Option-Weight: Associated with each choice is an option-weight. A smaller option-weight means the particular 
choice is more likely to be chosen. 
Staff group: Organize staff members governed by the same shift rules, break rules and staff rules into logical 
"teams" for scheduling. Staff groups are defined for each location. 
Shift rules: Shift rules are applied to a location and a staff group which specifies the "Min shift length", "Max 
shift .length",."shift start time", "shift end time" and "interval length". 

The following data files are used in this study: 
Requirement Data File: The following data are extracted from the data file: 

Preferred number of required employees for job k on interval t of day d 
Minimum number ofrequired employees for job k on interval t of day d 
Unit penalty of understaffing of job k on interval t of day d 

Employee Data File: The following data are extracted from this file for each employee: 
Employee ID: i 
Maximum intervals per schedule for employee i 
Maxinmm intervals per day for employee i 
Fixed-shift .employees 
Salaried employees 
Minimum intervals per week for fixed-shift employee i 
Required intervals per schedule for salaried employee i 
The number of paid time-off intervals for salaried employee i 
The number of consecutive days from the previous schedule 
Seniority-weight for employee i 
Group-weight for employee i 

Shift Information File: that contains unpaid break intervals for shift j 
Choice Data File: The following data are extracted from this file: 

Choices (The combination of employees and shifts) 
Option-weight for shift j and employee i: OiJ 
Skill-level-weight for employee i for the associated skill of shift j: WiJ 
If choice c is mandatory or not 

Maior Elements of the Proposed GA 
The following are key elements of the proposed GA: 
Genetic Representation of Solution to the Problem: In this study, the solution of GA is the schedule for all of the 
employees. Each individual or chromosome is represented by a one-week schedule for all employees. In each 
chromosome or individual, each weekly schedule for each employee is considered as one gene. The chromosome 
length is the number of.~mployees (N). 

Create an Initial Population of Solutions: GA explores the search space in order to find the optimal solution starting 
with an initial population: GA's search space includes all potential solutions. Potential solutions are all valid 
combination choices of shifts and employees and are derived from the choice data file. The employee skill and 
employee availability are the factors that determine the choice validity. In this study, i~itiaJ. population with size pis 
generated randomly. Initial population must be feasible and during the search process the feasibility of the solutions 
must be maintained. The feasibility of a GA solution is verified by all hard constraints. A constraint is considered as 
hard ifit must be satisfied and a solution is feasible only if all hard constraints of the problem are satisfied. 
Parent Selection and Genetic Operator Crossover: Here, a one-point crossover is used. At each iteration of GA, 
parent selection and crossover operation are performed as per following steps: 

I. Two chromosomes (parents) are selected from the initial population randomly. 
2. One employee is selected randomly from the first chromosome (parent 1.) then one day is selected (starting 

with day 0), and the shift belonging to that day and that employee is selected from this chromosome. 
3. The same employee and day as those of step 2 are selected from the second chromosome (parent 2); then 

the shift belonging to this employee and day is selected from this chromosome. 
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4. Steps 2 and 3 are repeated for all seven days in the· scheduling period. 
5. The s~ interval and shift length of all the selected shifts frqm parent I are swapped with the ones from 

parent 2, and two offspring ( child I and child 2) are generated. 

The crossover operation is repeated as many times as the population size. By performing crossover as above, the 
feasibility of the GA solutions i_s maintained for "honour employee availability", "honour employee. skill", "enforce 
maximum one shift per day" and "enforce maximum intervals per day" hard constraints of the problem. 
Honour e,mployee availability: The GA initial population of solutions is always feasible in terms of satisfying 
employee availability. Because, as it was mentioned earlier, the GA search space is the choice data file which is 
created by the pre-processor. When this rule is checked, the pre-processor will not create a choice for ·any employee 
who is not available to work on a particular day and interval. Thus, the initial population of GA always satisfies this 
constraint. However~ this feasibility must be maintained during the search process by crossover and mutation 
operation. 

Mutation: After the creation of child 1, an integer random number y in the range [O, b] is generated. If y is smaller 
than a mutation threshold, mutation is performed on child I according to the following steps. 

I. One gene for one random employee is selected from child I 
2.- One choice for one random day is selected from that gene 
3. One choice is selected from the potential choices for that ·employee and that day 
4. The sele·cted choice on step 2 is replaced with the selected choice on step 3. 
5. The same procedure is repeated for child 2. · 

In this algorithm, if mutation rate is 0.3, 30% of the time mutation is performed. If mutation rate is selected greater 
than or equal to I, the mutation is always performed on the offspring. · 
Fitness Function Evaluation: After crossover and mutation operations, the fitness value of the parent population 
and offspring population is calculated by the fitness function and the best individuals (i.e., the individuals with the 
best fitness value either from the parent or offspring population) are selected and the new population is evolved. The 
number of the best-selected individuals is as many as the population size. The fitness of the GA solutions is based on 
the objective of the retail labour scheduling problem. As it was explained earlier, this objective is to determine a 
schedule that minimizes the am9unt of total hours worked as well as the penalties from violating the specified 
staffing rules (soft constraints) and other scheduling preferences. Soft constraints are those that can be broken at a 
penalty cost. The penalty value of breaking a rule can vary from small to large considering the importance level of 
~hat rule. Each soft constraint and also scheduling ·preferences like seniority, option-weight, group-weight and skill
level-weight are considered as a component of the GA fitness function. 
The above genetic algorithm was coded in Java and was tested using three test problems as discussed below. 

COMPARISON OF PROPOSED METHODS 
Design of Experiment 
A common drawback in many heuristic approaches is the presence of some user selected parameters that makes the 
approach to some extent subjective. Genetic algorithms are no exceptions as the choices for the population size and 
mutation rate are left to the user to decide. In this paper, we are going to address this issue by doing a sensitivity 
analysis for these two parameters and fmding out their· impact on the performance of the heuristic. In order to 
investigate the effect of such parameters, a 2-factor factorial design is considered. In this analysis, the response _ 
variables and factors are established as follows: 

Response variable I: GA optimal objective value (RV1) 

Response ·variable II: GA search time (RV2) 

Factor I: population-size (p) 
Factor II: mutation-rate (m) 

These two factors are crossed or cross-classified, meaning that each level of one factor is in combination with each 
level of the other factor. After doing some preliminary tests_ on different values for population..:size and mutation
rate, eight levels for population size and six levels for mutation rate were _selected as depicted in Table 2. · 
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Level 
1 

_2 
3 
4 
5 
6 
7 
8 

Table 2: Levels of factors 
Population Size 

N/12 
N/6 
N/3 
N/2 
N 
2N 
1N 
12N 

Mutation Rate 
0.0 
0.3 
0.4 
0.5 
0.7 
1.0 

The number of employees (N) in each problem specifies the · size of the problem. Three test problems are selected. 
The test problem 1, with N = 290 employees, is referred to as the large size problem; the test problem 2, with N = 

131 ·employees, is referred to as the medium size problem; and the test problem 3, with N = 11 employees, is 
referred to as the small size problem. Each problem is solved by the proposed GA with different combinations of 
parameters. For the test problems 1 and 2, five levels of factor I and six levels of factor II are used, and for the test 
problem 3, all eight levels of factor I and six levels of factor II are tested. To account for the randomness effect, each 
scenario has-been ·replicated three times with three different random seeds. Therefore, for test problems 1 and 2, a 
total of90 runs and for the test problem 3, a total of 144 runs have been carried out. 

Anal:yzin2 Data from the Ex(!eriment 
A two-factor analysis of variance (ANOVA) was carried out to determine if row or column factors, or interaction 
effects are statistically significant. The results of ANOV A for the above mentioned test problems are summarized in 
tables 3 through 5. The Minitab™ software has been used for this analysis. The results are 

Table 3: ANOVA for Lar~e Size Problem (excludin~ m = 0) 
Response 
Variable Source of Variabili~ SSQ dl MS Fcalc P-value Si~ificant? 

Rows (population size) 2.69861E+l2 4 6.74653E+ll 1.82 0.140 No 
Columns (mutation rate) 1.24843E+12 4 3.12108E+ll 0.84 0.506 No 

RV. Interaction 4.21571E+12 16 2.63482E+ 11 0.71 0.771 No 
Error 1.85685E + 13 50 3.71370E+11 
Total 2.67313E+ 13 74 
Rows (population size) 45025 4 11256.3 6.34 0.000 Yes 
Columns· (mutation rate) 22493 4 5623.4 3.17 0.021 Yes 

RV2 Interaction 33406 16 2087.9 1.18 0.318 No 
Error 88723 50 1774.5 
Total 189647 74 

Table 4: ANOVA for Medium Size Problem (excludin~ m = 0) 
Response 
Variable Source of. Y ariabili~ SSQ dl MS Fcalc P-value Si~ificant? 

Rows (population size) • 1.28994E+ 17 4 3 .22486E + 16 10.25 0.000 Yes 
Columns (mutation rate) 5.21846E+l5 4 1.30462E+ 15 0.41 0.797 No 

RV. Interaction l.33208E+l6 16 8.32551E+14 0.26 · 0.997 No 
Error 1.57380E+ 17 50 3.14761E+l5 
Total 3.04914E+l7 74 
Rows (population size) 8497.8 4 2124:44 6.80 0.000 Yes 
Columns (mutation rate) 716.0 4 179.01 0.57 0.683 No 

RV2 Interaction 4665.6 16 291.60 0.93 0.539 No 
Error 15621.3 50 312.43 
Total 29500.8 74 

Table 5: ANOVA for Small Size Problem (excluding m = O} 
Response 
Variable Source of V ariabili~ SSQ dl MS Fcalc P- value Si~ificant? 

RV1 Rows (population size) 1.13563E+ 14 7 1.62233E+ 13 12.28 0.000 Yes 
Columns (mutation rate) 4.99196E+12 4 1.24799E+l2 0.94 0.442 No 
Interaction 2.03578E+l3 28 7.27064E+l 1 0.55 0.961 No 
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Error 1.05656E+14 80 · 1.32070E+12 
T9tal 2.44569E+14 119 
Rows (population size) 0.0196700 7 0.0028100 23.20 0.000 Yes 
Columns (mutation rate) 0.0003566 4 _0.0000891 0.74 0.570 No 

RV2 Interaction 0.0025360 28 0.0000906 0.75 0.805 No 
Error 0.0096917 80 0.0001211 
Total 0.0322543 119 

After reviewing the results of ANOV A for the above three problems, the following observations are made: 
I. Regardless of the size of the problem, implementing any mutation rate less than 0.3 (m < 0.3), with any 

population size generates a poor GA solution in terms of quality. 
2. For the problem sizes of medium and large, defining the size of the problem as N, running GA with a small 

population size (N/6 or N/3) and a large mu,tation rate (0.5 or 0.7 or 1) is recommended in order to get the best 
solution in the shortest possible time. However for the large size problem, choosing a mutation rate of 0.4 with 
any population size generates the best GA solution in terms of quality. 

3. For the problems of small size, a small population size (N/6. or N/3) and a small mutation rate (0.3, 0.4) are 
recommended in order to get the best solution in the shortest possible time. However, applying a small 
population size (N/6 or N/3) with a large mutation rate (0.5 or 0.7 or I) to small size problems does not generate 
a very poor solution. 

CONCLUSION 
In this paper, a real-world retail labour scheduling problem . with different skills, employee types, employee 
preferences, scheduling preferences, objectives and constraints, that h~s more difficulties than the problems solved 
in -the literature, has been examined. A heuristic approach based on genetic algorithms was developed and 
implemented.. In order to tune the GA parameters, three test problems were tested using a range of population sizes 
and mutation rates. Using a factorial design, a sensitivity analysis on different levels of the GA parameters was 
carried out and results were presented. 
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TEAM-BASED PROBLEM SOLVING .IN A SIX SIGMA COURSE 

Sandra Furterer 
University of Central i:,-lorida 

- ABSTRACT 
The Industrial Engineering and Management Systems Department at the University of Central Florida has 
incorporated service.experiential learning opportunities into the curriculum within a Total Quality Improvement 
course. This course teaches the Six Sigma body of knowledge and provides hands-on Six Sigma project experience. 
This paper discusses an approach to implementing team-based problem solving in Six Sigma courses. The course 
enables undergraduat_e and graduate students to work together on teams to solve real-world problems applying 
·statistical problem solving principles and tools . . The paper will identify critical project components that can help 
enhance team members' performance, reduce stress, and potentially improve student learning. Examples of how Six 
Sigma was applied to community organizations that provided service experiential learning opportunities for the 
students will also be presented. · 

INTRODUCTION 
A graduate Total Quality Improvement course taught. by Dr. Sandra Furterer in the Department of Industrial 
Engineering and Management Systems at the University of Central Florida has incorporated Six Sigma projects that 
provide the students with real-world experiential application of six sigma concepts, tools and .problem solving. Due 
to the vast work and resources that are required to successfully complete a Six Sigma project in three to four months, 
teams are often used to apply the Six Sigma principles and tools. · Generally, each Six Sigma project requires a 
minimum of 120 project hours for each team member. It is important that the teams are productive and efficient in 
applying Six Sigma tools and problem solving techniques to successfully complete the DMAIC cycle. This paper 
describes the course objectives, how the teams are formed, the Six Sigma projects and their objectives, a discussion 
of team-based problem solving, and the critical project components that can help enhance team members' 
performance, reduce stress, and potentially improve student learning. 

Total Quality Improvement Course Objectives 
Dr. Furterer incorporated the Six Sigma projects and teaching of the DMAIC problem solving process in Fall 2004 
into the Total Quality Improvement (ESI 5227) course. 
The Total Quality Improvement course, ESI 5227," is a graduate level course that focuses on the development of 
tools for the management and improvement of quality in different organizations. Essential concepts, practices, and 
methods of modem quality improvement tools are discussed, along with the Six Sigma DMAIC (Define, Measure, 
Analyze, Improve, and Control) problem solving approach, and critical success factors to team building and 
teamwork. Six Sigma team projects are performed that ~pply the class lecture material to "real world" 
organizations. There is a requirement that each organization be a community-based organization, or have some 
component of providing a benefit to a community organization. [Furterer, 1] 

The course .objectives are: 
• To provide a broad exposure to topics in quality improvement. The course is intended to focus on . 

the development of tools for the management and improvement of quality in different · 
organizations. 

• · Essential concepts, practices, and methods of modem quality improvement tools are discussed, 
along with the Six Sigma DMAIC problem solving approach, and critical success factors to team 
building and teamwork. [Furterer, 1] 

Total Quality Improvement Fall 2004 Course Description 
Thirty students took the course in Fall 2004. One undergrad4ate student took the course, and the remaining students 
were graduate students, either studying for their Masters or Ph.D. Five te·ams of students applied Lean and Six 
Sigma concepts to community-based organizations. The following projects and their objectives are: [Furterer, 1] 
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Team 1: CECS Graduate Pre-Application Process Improvement Six Sigma Team 

The College of Engineering and Computer Science (CECS) at the University of Central Florida recently 
implemented a pre-application process for students interested in applying for a graduate program in the college. The 
degree of competition for space in the college's graduate program is increasing. The pre-application process enables 
the departmental graduate coordinators the ability to review the pre-applicants' qualifications to identify candidates 

· that would be a good match for the respective programs~ It also allows the departmental graduate coordinators to 
waive the application fees of the prospective applicants. This proje.ct helped to define improvements to the pre
application .process, as well as identify areas for improvement to enhance the technology that is used within the pre
application process. 

Team 2: IEMS Front Office Process Improvement 

The Industrial Engineering and Management systems (IEMS) department is in the College of Engineering and 
Computer Science (CECS) at the University of Central Florida. The IEMS department's Front Office staff assists 
faculty and students with administrative activities, including: budgeting, course scheduling, timesheets and payroll, 
travel and reimbursement, resource scheduling and appointments, course administration and research project and 
grant administration. As the department grows, the administrative activities have become more complex. The 
department had requested that the Six Sigma team assist with process definition and improvement activities related 
to the Front .Office staff's activities and work load balancing. 

Team 3: IEMS qraduate Program Process Improvement 

The IEMS graduate program has over 250 students and is growing rapidly. The graduate administration process 
requires high levels of communication, coordination, and transfer of information between departmental personnel, 
the college and graduate studies. The graduate admission processes include: pre-admission applicant review and 
decision making, admissions, advising, and students' program of study certification. This Six Sigma project helped 
to streamline the students' program of study certification process within the IEMS department, as well as helped to 
define measures to enhance .standardization and improve customer (student) satisfaction. 

Team 4: Florida Engineering Education Delivery System (FEEDS) Phase 2: 

FEEDS is a statewide system whereby engineering courses are delivered both synchronously and asynchronously to 
industrial sites and cooperating university centers. The ASQ Orlando Section 1509, the UCF Student Chapter, and 
the Harrington Institute performed a Six Sigma project as part of the ASQ Community Good Works Initiative for the 
FEEDS system at UCF in 2003 and 2004. The team identified several opportunities for improvement in phase 1. 
The phase 2 proj.ect developed links, procedures, mechanisms, controls and measures between the students, faculty, 
and FEEDS organization to enhance customer satisfaction. 

Team 5: Financial Services Firm Reducing Repeat Calls 

Formed in 1988, Financial Services Firm is a vertically integrated multi-billion dollar, publicly traded financial 
services holding company, and engaged in a variety of businesses related to mortgage servicing, real estate asset 
management, asset recovery and technology. The Six Sigma project will help to reduce repeat customer calls at 
their call center in Orland~, Florida. The team analyzed call recordings, defined statistically valid sampling plans, 
and analyzed the loan servicing system information sample data, to understand the root causes of repeat customer 

· calls. The team identified improvements that will help to reduce the number of repeat customer calls. · 

Total Quality Improvement Fall 2005 Course Description 
Dr. Furterer taught the course again in Fall 2005. The demand for the course increased, and 50 students took the 
course. Thirty of the students were graduate students (both Masters and Ph.D. students) and 20 were undergraduate 
students. The instructor worked with Six Sigma project champions to identify a rough project scope prior to the 
start of the course. The students completed a short questionnaire providing their relative experience as a team 
leader, with Six Sigma tools, and exposure to quality. The instructor used this information to identify team leaders 
that had some experience leading a team whether it was in a prior course project, or a prior Six Sigma team. Only 
one student had prior Six Sigma project team experience. Each team was assigned a project team leader that had 
some prior team project leader experience. Each team had three to four graduate and 2 to 3 undergraduate students, 
with a team size of 6 to 7 members. 
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Each team was assigned a volunteer Six Sigma Bl kB I · 
Section 1509. ac e t mentor from the American Society for Quality Orlando 

Eight Six Sigma teams were formed. The project objectives follow: 

1) Academic Affairs Operational Excellence 

To develop a framework and infrastru tur fi nh · · 
university's strategic plan. c e ore ancmg operational excellence at UCF in support of the 

2) CECS Inventory and Asset Management 

To design streamlined and efficient processes that can help track and manage assets in the college. 

3) CECS Web Development 

Develop pro~esses _and inco~~rate best practices to develop, update and support the college and 
departments. web~1tes, to ehmmate waste, improve time of delivery, identify metrics and understand 
customer sat1sfact10n. 

4) Office ofFratemity and Sorority Life (OFSL) 

Develop the critical goals and direction of the Office to better meet their customers' needs. 
Re-align the Office with the students' needs. 

~efine wh~t roles and support we offer the students, what do we expect the students to do, and how are we 
integrated m each other' s systems. 

5) SACS Faculty Accreditation 

Develop processes and procedures that faculty and staff can use to collect and retain accurate and complete 
data on the instructors' of record credentials for SACS accreditation purposes. 

6) University High School 

Design a framework for performing longitudinal analyses to measure the impact of implementing strategies 
that can enhance student achievement. · 
Provide data mining and statistical analysis to understand correlations, trends and patterns in student 
achievement. 

7) Kids House Staff Process Improyement 

Kids House of Seminole County is in need of formalized processes for the staff to better perform their 
duties, communicate with their customers, each other and the Kids House Board. 
Develop staff processes to enhance communication, eliminate redundancies and waste, and streamline the 
processes to better serve their customers and stakeholders. 

8) Kids House Volunteer Program Developme!}t 

Kids House of Seminole County is in need of a form3:lized infrastructure for obtaining and coordinating 
volunteer activities in support of the Kids House mission. 
Develop a volunteer program to recruit, manage, and recognize Kids House volunteers. 

Team-Based Problem Solving . 
The instructor provided lecture material, case studies, and team exercises to help the stu?ents learn how to better 
work together on teams, as well as project management and meeting management_ techmques. In the Define phase, 
the teams developed ground rules of how they would work together, honor comrmtments, and treat each other. A 
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critical component of the Define phase was the creation of a team project charter. The project charter included the 
business:problem, the business objectives, the project objectives, the proposed work plan, deliverables, and project 
scope. This charter was developed with the project client and signed off by all the team members, the project 
champion, the Black Belt and the instructor Master Black Belt. Each team defined roles and responsibilities, such as 
team leader, project manager, report editor, process analyst, and technologist. Most of the teams defined the 
following roles: team l~ader that led the team and was the main interface with the project champion; project 
manager that developed and managed the project activities and schedule; process analyst, that led the process 
analysis activities such as flow charting and root cause analysis; and report editor that coordinated the report , 
synthesis and editing. [Brue, 2002] discusses the many roles and responsibilities needed on a Six Sigma team which 
also includes project champions, master black belts, black belts and green belts. 

The teams were trained in ·consensus building and conflict resolution. They also were coached and mentored by 
their Black Belts and/or the Master Black Belt when conflict arose.· Team meeting management best practices were 
also discussed, such as the importance of developing a clear meeting agenda, with topics and time frames. An 
Issues for Reso~ution (IFR) log was required for each team. This IFR log allowed for the teams to track action items 
or issues that needed to be tracked ancl resolved. 

The project milestone·s ·and a detailed project plan were also part of the Define phase. Many of the skills taught are 
discussed thoroughly -in the Team Handbook including the Nominal Group Technique, effort/impact grids and 
prioritization matrices._ [Scholtes, Joiner, and Streibel, 2003] 

The instruc.tor coached the teams, especially during the forming and storming phases to help them better define their 
roles on the teains, how to work through issues and conflict, and how to gain consensus on project matters. Team 
meeting management skills were taught by the instructor, with specific example agendas, and issues for resolution . 
tracking report. The teams were encouraged to develop an agenda for every meeting that included a list of topics, 
estimated times and responsibilities. A timer was assigned for meetings to keep the discussion on track and focused. 
Each team tracked the team members' participation arid logged attendance. Effective discussion tips were shared 
with the students to help them brainstorm and come to consensus on issues, decisions and plans. Good listening 
techniques were also encouraged. · · 

Critical Project Components to Enhance Six Sigma Team Success 
The instructor administered a survey after the Define phase to understand how well the students formed the teams 
and identified the project objectives and scope. These surveys provided guidance to help identify the critical project 
components that can help enhance Six Sigma team success. The Define phase is critical to the success of the Six 
Sigma project because it lays the groundwork for the entire project. If there isn't a clear vision of the project, the 
team won't be able to meet the client's expectations and successfully complete the project. Figure 1 lists the 
questions that were asked of each student. The students rated all but one question using an agreement Likert scale, 
(I-Strongly Disagree, 2-Disagree, 3- Neither Agree Nor Disagree, 4-Agree, 5-Strongly Agree). One question was 
rated on a continuum of low to high -performing team. 
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Figure 1 Six Sigma Team Environmental and Cultural Survey 
Define Phase 

1. The Six Sigma project team members' roles and responsibilities were clearly defined. 
2. A clear project work plan with activities, milestones, identified resources and timelines was used to manage the 
project. 
3. The team communicates well. 
4. The team gains consensus on project issues well. 
5. The proiect manager I leader keeps us on task. 
6. The client is supportive of the project 
7. The availability of the Black Belts to assist/coach team members was appropriate. 
8. The Six Sil!tna knowledge ofthe Black Belts was appropriate. 
9. The stress level within the team is high. 
l 0. Rate the team on the following continuum: 

Storming (low performing) High Performing 
1 2 3 4 5 

11. The time to complete tasks was appropriate. 
12. The tasks were completed with high quality. 
13. The team functioned well as a team. 
14. There was a clear project vision. 
15. The project objectives were clearly defined during the Define Phase. 

Table 1 summarizes the percentage of positive responses by team and ·question. This helps to identify the teams that 
applied the team building and project management skills well during the Define phase, and helps to identify the 
components that can lead to project success. 

Table 1 Percentage of Positive Responses by Team arid Question 

% Agree and Strongly Agree Ratings 

Team 1 2 3 4 5 ,6 7 8 

Clear project vision 0% 100% 100% 0% 80% 100% 0% 25% 

Clear project plan 100% 80% 100% 100% 80% 100% 50% 25% 

Clear roles & responsibilities 100% 100% 100% 100% 100% 100% 17% 25% 

Team communicates well 100% 80% 100% 100% 100% 83% 17% 25% 

T earn gains consensus well 100% 100% 100% 100% 100% 100% 17% 25% 

Project manager keeps us on track 100% 100% 100% 100% 100% 100% 50% 25% 

Client is supportive 20% 100% 100% 80% 80% 100% 67% 100% 

Black Belts available 100% 100% 100% . 80% 60% 100% ~% 100% 

Black Belts knowledgeable 100% 80% 100% 80% 100% 100% 83% 75% 

Stress level on team is high (Strongly 
disagree and disagree) 40% 80% 75% 0% 60% 83% 0% 25% 

High performing team (4 & 5) 80% 80% 100% 60% 80% 100% 33% 25% 

Time to complete tasks is appropriate 40% 80% 100% 80% 40% 83% 50% 75% 

Tasks high quality 80% 100% 100% 100% 80% 100% 67% 50% 

T earn functioned well as a team 100% 100% 100% 100% 100% 100% 33% 0% 

Project objectives clearly defined 20% 100% 100% 0% 100% 100% 83% 50% 
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Six of the eight teams rated the following components with a positive response with 80% of their ratings in strongly 
agree and agree: 

• Clear project plan 
• · Clear roles and responsibilities 
• Team communicates well 
• Team gains consensus well 
• Project manager keeps us on track 
• Black belts are knowledgeable 
• Tasks are of high quality 
• Team functioned well as a team 

Four of the six teams rated low stress (60% or more of the ratings in Strongly Disagree and Disagree) for "The stress 
level within the team is high". Although not statistically conclusive due to the low sample size on each team, the 
above listed co;'IlP<?nents seemed to contribute to low stress levels on the team, when done well. 

Now we look at the negative responses by team and question in Table 2 

Table 2 Percentage of Negative Responses by Team and Question 

2 

3· 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

TEAM 

Clear project vision 

Clear project plan 

Clear roles & responsibilities 

Team communicates well 

T earn gains consensus well 

Project manager keeps us on tracts 

Client is supportive 

Black Belts available 

Black Belts knowledgeable 

Stress level on team is high 

High performing team (1 & ·2) 

Time to complete tasks is appropriate 

Tasks high quality 

Team functioned well as a team 

Project objectives clearly defined 

1 2 

60% 0% 

0% ·20% 

0% 0% 

0% 0% 

0% 0% 

0% 0% 

20% 0% 

0% 0% 

0% 0% 

60% 0% 

0% 0% 

20% 0% 

0% 0% 

0% 0% 

60% 0% 

3 4 5 6 

0% 80% 0% 0% 

0% 0% 20% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

25% 40% 0% 17% 

0% 0% 0% 0% 

0% 0% 20% 0% 

0% 0% 0% 0% 

0% 0% 0% 0% 

0% 80% 0% 0% 

7 8 

33% 25% 

50% 75% 

17% 50% 

33% 75% 

50% 25% 

50% 25% 

0% 0% 

17% 0% 

17% 0% 

100% 25% 

17% 0% 

50% 0% 

17% 0% 

17% 50% 

0% 0% 

The teams that rated that they had high stress within the team also had a high percent of their rating:; in the negative 
response.(greater than 25% in Strongly Disagree and Disagree) in the following areas: 

• Clear project vision 
• Project objectives clearly defined 
• Clear project plan 
• Team communicates well 
• Team gains consensus well 
• Project manager keeps us on track 

The teams that rated that they had high stress were also the same teams that struggled in defining the project vision; · 
stormed a great deal during the Define and Measure phases; ·had friction, and found it difficult to come to consensus 
and resolve conflict. One of the teams had members that didn't fully participate, and another team_struggled with 
defining the project objectives and scope. · 
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SUMMARY 
The team cultural survey helped to identify some of the components that may contribute to helping Six Sigma teams 
enhance the probability of successfully meeting their project objectives and satisfying their project champions. To 
help the Six Sigma teams enhance the probability of success, they should have the following team components: 

• Trained and knowledgeable team leaders and Six Sigma Black Belts 
• Team-building skills should be learned and practiced 
• Time to clearly define the project objectives, vision, scope, and get client commitment and involvement 
• Good project management 
• Well-defined project plan with clear roles and responsibilities 
• Learn how to resolve conflict and build consensus · 
• Good communication a!Ilong team members 

Team-based problem solving provides great value to a Six Sigma project. Team-building and project management 
skills should be taught and not taken for granted. Critical components to team success include having a clear project 

· plan, client commitment, clear project objectives, ~lear communication and good project management. 
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COMMUNITY GOOD WORKS: DELIVERING MEALS TO SENIORS USING SIX SIGMA 

Ali Ahmad and Isabelina Nahmens 
University of Central Florida 

ABSTRACT 
Six Sigma is a powerful fact-based problem solving technique. The methodologies of Six Sigma has been 
applJed succ~ssfully at many different organizations to improve processes and resulted in quantifiable results in 
terms of bottom line savi~gs. 

This paper presents how the tools and techniques of the DMAIC (Define, Measure, Analyze~ Implement and 
Control) process of Six Sigma methodology are used to ensure compliance to the temperature requirements for 
Seniors First - Meals on Wheels program. Seniors First is non-for-profit organization responsible for providing 
nutritious, hot and cold, catered meals to select senior (elderly) citizens of Orange County, Florida on a daily 
basis. 

This effort was part of the Community Good Works Program sponsored by the American Society of Quality 
(ASQ). This effort resulted in an end-to-end process . that ~nsures the correct and timely delivery of meals to 
seniors along with appropriate measurement and validation points. 

INTRODUCTION 
ASQ Section 1509 (Orlando) and the ASQ Stµdent Section of the University of Central Florida joined forces 
during the year 2004 under support from The Harrington Group in Orlando to complete three Six Sigma 
Improvement Community Good Works projects. The program provided significant benefits for the community, 
the ASQ Section, the Student Section, and the involved champion organizations . . This paper shares one of these 
project's success stories, "Using Six Sigma tools to deliver the right meals at the right temperature to Seniors in 
a timely manner", conducted to support Seniors First organization (Voehl, 2004). 

Seniors First is a nonprofit organization located in Orange County, Florida responsible for the operation of the 
Meals on Wheels program, which provides daily meals to the elderly in Orange County. They are governed by 
the Florida state laws of The Department of Elder Affairs (DE) and are held in compliance to these laws by The 
Senior's Resource Alliance (SRA) auditing organization within the DEA~ 

The "Delivering Meals to Seniors using Six Sigma" project addresses some concerns that were expressed by 
Seniors First management under regulations imposed by the SRA regarding meal temperatures which were 
found out of compliance in 2003. The pro)ect charter explains in detail the scope of the problem and the 
possible consequences if future audits by the SRA contfoue to find Seniors First to be noncompliant. 

SIX SIGMA APPROACH 
Six Sigma is a problem solving methodology that is project and team-based. Six Sigma is focused on delivering 
bottom line impact for organization that can be usually tied back to a certain amount of cost savings by project 
per year. Many major companies and industries .around the world·have realized the improvement in quality and 
reduction in cost by embracing Six Sigma within their own organizations. The Six Sigma approach was 
pioneered at Motorola and then witnessed its glorious application in General ~lectric (GE) and IBM (Breyfogle, 
1999). It has applications in both service and manufacturing. Six Sigma is now being extended' to the design 
world using Design for Six Sigma approaches (Phadnis, 2001), and to eliminating wastes using Lean Six Sigma 
approaches (George, 2003). 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." 

The Six Sigma approach is similar to scientific problem solving, and is structured using five consecutive.phases, 
these phases are Define, Measure, Analyze, Improve, and Control (Breyfogle, _ 1999). The define phase of a Six · 
Sigma project starts by creating a charter that clearly states project goals, project sponsor, project team, business 
case, and stakeholders affected by the project. It aims to set the rhythm for the project. Several tools can be 
employed in the define phase, these include; SIPOC (Suppliers, Inputs, Process, Outputs, and Customers), and 
the VOC (Voice of the Customer), Affinity Diagrams, Kano model, and critical to quality driver tree. The 
results of the define phase include a charter, an overview of the process, and the information that are critical to 
quality. 
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The second phase of Six Sigma application is Measure. It aims to pinpoint t~e location of the problem in the 
process ·as clearly and precisely as possible. The tools commonly used in the measure phase include data 
collection plan, control charts, frequency plots, 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. It results in a collection of data that feeds the analysis phase of Six Sigma process. 

The Six Sigma process proceeds by the Analysis phase. The analysis phase aims to identify the root cause(s) of 
the problem addressed in a particular Six Sigma project. The tools commonly used in the analysis phase include 
brainstorming, design of experiments, regression analysis, hypothesis testing, scatter plots, control charts, and 
Pareto charts. A very useful technique that can lead to the root cause of the problem is the 5 why technique. 
The results of the analysis phase are the root causes of a particular problem, with a set of potential solutions. 

Upon identifying the root causes of a particular problem, the fourth Six Sigma phase starts. The Improve phase 
is concerned with developing, implementing, and verifying solutions. The tools commonly used in this phase 
include brainstorming, various creative problem solving techniques, planning tools, flow diagrams, and various 
statistical pomparison techniques. The results of the improve phase is an implemented solution for the particular 
problem addressed in the Six Sigma project. · 

The last phase . of Six Sigma application is the Control .phase. It is concerned 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. 

The Six Sigma approach through the DMAIC (Define, Measure, Analyze, Improve, and Control) is a proven 
continuous improvement technique. The beauty of Six Sigma lies in its flexibility 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. This simple principle can dryve the success and prosperity of future organizations. 

DEFINE PHASE 
The Seniors First project define phase entailed creating a, project charter that defines the problems statement, 
project objectives, business case, proj.ects scope, project deliverables, project sponsor, and project team. After 
that a SIPOC and VOC were developed to further outline the project objectives and scope. The define phase 
provided inputs to all subsequent phases of Seniors First project. 

Proiect Charter 
Problem statement: The meals delivered by the Seniors First Organization to both congregate and individual
home locations have failed to meet Seniors First's target temperature specifications, which resulted in: 

• Food delivered that is out of compliance with the legal requirements 
• Citations by the Department of Elder Affairs for non-compliance 
• The potential of passing harmful pathogens to the recipients 
• The risk of losing state funding for the Meal on Wheels program in Orange County 

Project Objectives: The Six Sigma Project Team, in conjunction with Seniors First and GA Food Service 
Associates, will develop an end-to-end food delivery process that is capable of delivering food to the -recipients 
100% of~~ time that is: 

• The right meal 
• At the right time 
• At the right temperature 

Business Case: The Six Sigma project although not tied up with concrete financial savings to Seniors First, it 
represents a noble cause that ensures the welfare and health of senior citizens who are the main recipients of the 
Seniors First' services. The successful completion of the project resulted in ensuring no future citations will 
take place against food temperatures, and ensured the continual funding by the Department of Elderly Affairs to 
Seniors First (Actual numbers are proprietary information and won't be disclosed as part of this paper). 

Project Scope: The project will focus on Seniors First's highest priority area-of-concern, temperature control of 
food by both the food vendor and Seniors First PersonnelN olunteers. The project will encompass both end-to
end processes from the time the Seniors First organization initiates a service order requestto the food vendor for 
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provisioning, through the time the meals are delivered to a congregate or individual-home senior citizen by 
Seniors First personnel or their volunteer associates. 

Project Deliverables: The deliverables of this project include Operational Requirements Document, Audit of 
Existing Processes, Gap Analysis, Project Communications Plan, End State Process Documentation, Standards 
Document, Measurement and Reports Recommendations, and Training Recommendations. 

Project Sponsor: The project sponsor is Randall D. Hun~ President/CEO of Seniors First, Orange County, Fl. 

.Project Team: The proj~t team was about 50:50 mix between professional ASQ members from the Orlando 
Chapter, and students from UCF. The senior members provided coaching and insights from their experience, 
while students learned the approach and tools, and used them successfully to achieve the project objectives. 

SIPOC 
The SIPOC is a high level process map that defines process inputs (and their suppliers) and outputs (and their 
customers) (Rath & Strong, 2002). The SIPOC is an instrumental tool for defining the scope of a six sigma 
project and drawing boundaries around its objectives. The SIPOC for Seniors First Project is shown in Figure I. 

Internal/external Audits 

,, ,, 
Suppliers Input Clients 

Seniors First 
Foods Vendor 

Contract 
Order 
Information 

1. Initiate service order request Delivered Meal 
2. Identify type of request and 
determine appropriate sub-process. 

Consumers 
Seniors First 

(Pre-cooked, cold, bot food) · 
3. Perform the "make ready" activities. 
4. AMemble the meals 
5. Package the meals 
6. Transport the meals 
7. Deliver/serve the meals to seniors 
8. Complete service order request 

Figure 1. Seniors First Project SIPOC 

Voice of the Customer · 
The voice of customer is used for capturil}g customer ,requirements/needs associated with a particular Six Sigma 
project (Rath & Strong, 2002). The VOC is commonly used with the Kano Model to prioritize the customer 
needs. The VOC is usually conducted through interviewing project internal and external customers. The VOC 
for Seniors First Project is shown in Figure 2. 

Customer Comment Image or Issue Requirement • . 

State audits have found hot Insufficient temperature can facilitate, 
Maintain a LCS of 140° Fat delivery to 
recipient (senior) 

temperatures lower and out of growth of harmful pathogens leading to 
~ Maintain an UCS of 165° F at delivery to 

compliance with DOEA guidelines illness by the consumers 
recipient (senior) · 

We must comply with OOEA 
Cold foods must be kept at temperatures Maintain cold food at 41 ° F or less at 

temperature standards for cold 
preventing bacteria growth serving time to the recipient 

foods 

There is zero tolerance for deviation 
Seniors First depends on Food vendors to 

from the government regulations for 
deliver hot meals at slightly higher 

Maintain hot food at 140° F at serving time 
temperatures at hand-off sites to maintain 

temperature 
140° F bv actual serving time 

Figure 2. Seniors First Project VOC 
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MEASURE PHASE 
The Seniors First project measure phase entailed two main activities. First, a detailed end-to-end process map 
was created for . Seniors First operations. After that, benchmarkin~ was performed to obtain best practices for 
meals delivery process ( extended to more than just delivering meals to seniors). The measure phase provided 
inputs to the analyze phase of Seniors First project to determine the root causes of inadequate process 
performance. 

Process Mapping 
Process mapping deals with detailing the "simple process" defined as part of the SIPOC. It includes identifying 
major proces·s steps and the flow of activities between them. It is usually used to identify value-added and non
value-added process steps, and outlining opportunities for improvement as part of root cause analysis (Rother & 
Shook, 1999). Two main types of process maps are commonly used in Six Sigma projects; these are "as is" and 
"future state" process maps. The "as is" process map describes the operation · .of the process before 
improvement, while the "future state" process map describes the process after improvement has been 
implemented. For Seniors First project, there were four main stages for delivering meals from the vendor to the 
senior citirzens. The "as is" process map is shown in Figure 3. 

Vendor# 
SUppller 

Bencbmafking 

Mealll on Wheels Delivery Process 
GA Handoff to Seniors First 

Meals on Wheels Delivery Process 
Distribution · 

MHls on Wheels Delivery Process 
On Site Preparation 

Meals on Wheels Delivery Process 
Completion 

Figure 3. Seniors First "As Is" process map 

. Benchmarking is a method for comparing a process, using standard or best practices as -a basis, and then 
identifying ways to improve the process (Brue, 2002). Benchmarking was conducted to determine best practices 
for Meals on Wheels service delivery. It consists of two stages: 1) the telephone interview and 2) a follow up 
survey via e-mail. It covers enterprise businesses and nonprofit organizations. 

Benchmarking within similar nonprofit organization, revealed that there are no current existing best practices for 
volunteer oriented hot Meals on Wheels delivery. Some county agencies have reverted to delivering frozen 
meals once a week as a solution to ensure mandated temperature compliance. During the benchmarking several 
agencies around the country were contacted to determine best or common practices. Broward County, Florida 
was quite helpful. It is also interesting to note that they use the same food vendor for meal preparation as Senior 
First. Broward county have taken a significantly different approach, they limit the individual meal distribution 
tf there are not sufficiently trained volunteers. It is believed that it is much better to ·disqualify ~ volunteer and 
miss meal deliveries rather than risk poor meal deliveries. Also, to help with the temperature issue, they deliver 
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many frozen items so they are able to control the "noise" variables better. (Less impact from the amount of time 
spent on individual deliveries, etc.) 

Other agencies express the same opinion, that it is not a difficult process to control temperature and delivery. 
The ~ey factors are training of the volunteers and the willingness to disqualify anyone not complying, even if it 
means a reduction in meal delivery services. 

ANALYZE 
The main purpose of the Analyze phase is the understanding of why defects are generated and identify causing 
factors. For this, a random sample of meals temperature was collected at various points on the delivery process. 
Once the current process had been identified and documented, the team analyzed the data collected to draw 
conclusions as to the ·cause of factors that contribute to added variation and defects being introduced into the 
system. The Seniors First project analyze phase entailed mainly the identification of root causes. This "root 
cause analysis," allows the true reasons behind · detracting factors to be clearly identified as opportunities for 
improvement later in the project. These causes are linked to the process inputs that greatly affect the final 
output. 

Sampling _ 
First, the team decides that only the temperature leveJs of delivered meals should be subject to data collection, 
because the delivered meal process is subject to a higher degree of variability and is in greater need of attention. 
The congregate meals, although important for DEA compliance, have not caused any known compliance 
problems in the past. Since the distribution network has many routes, a stratified random sampling approach 
was used to determine routes for observations and measurement. For the purposes of this analysis, the 
stratification of the population is based on the nuinber of meals to be delivered. A constraint of six delivered 
meals was imposed upon the population, and as a result, eighteen routes were randomly picked for sampling. 

Data collection sheets were designed to facilitate more consistent measurements and observations among team 
members. The data collection sheet included data regarding: I) temperature of and cold meal before volunteer 
loaded the meals into their car; 2) volunteer comments regarding the delivery procedures; and 3) temperature of 
hot and cold meal at the last stop of the route. Although eighteen routes are required for the stratified random 
sampling plan, time and resource constraints internal to the Six Sigma Team allow only six routes to be sampled 
within the sampling schedule timeframe. However, additional data was obtained from Seniors First dietitian, 

· and used for the analysis. 

_Results revealed that a greater probability of non compliance for both hot and cold meals (Figure 4). Although, 
a depth analysis was not performed due to the,few data points, the results provide great insights into the process 
current performance. Some of the insights are: 

1) The greater the number of cold meals assigned to a single volunteer, the greater the chance of 
noncompliance of cold meals. 

2) The number of hot meals assigned to a single volunteer does not seem to increase chance of 
noncompliance. 

3) The temperature of hot meals tends to decrease during the delivery process. 
4) The temperature of cold meals rends to increase during the delivery process. 

j ■ Ollai'-tt ....... , 

J:~«:a I 

Cold Meal Hot Meal 

Figure 4. Pie chart of compliance data for hot and cold meals 
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Service System Process Mapping (SSPM} . 
SSPM is a technique used to define the current state of the meals on wheels delivery process used by Seniors 
First. This SSPM technique is multidimensional showing each process owner and his step-by-step 
responsibilities as the process is implemented (Rath & Strong, 2002). It enables the organization to see the end
to-end process from the customer's perspective. It displays clearly the handoff between individuals and 
organizations as well as the interaction with data stores and systems supporting the process. This unique view 
enables the process owner to see gaps in the process. SSPM maps the following using a "swim lane" illustration 
to show handoff points and measurements between individuals and organizations: I )Client/Customer; 
2)Interface organization; 3)Systems/lnformation data stores; 4)Backroom/preparations and 5)Vend~~(supplier. 

Root Cause Analysis 
Based on the insight findings from the data sampling of the delivery process, a root cause analysis was 
performed. In general, results from observations and data analysis revealed a lack of standard procedures and 
equipment, and poor accountability through the supply chain tiers. The root causes identified were: 

I. Lack of standardized procedures for transferring food from vendor's truck to site. 
2. Lack of standardized procedures for meals count upon receiving and lack of remedy action if order is 

wrong (Le, ·fewer meals). 
3. Lack of standardized procedure for volunteers to·take meal temperature. 
4. Procedure associated with the operation of loading cars. 
5. Remedy action in case of meal temperature being out of compliance. 

Gap Analysis 
A gap analysis is a natural extension from the benchmarking and great tool to evaluate the root causes. Gap 
analysis is an assessment tool that enables companies to compare its actual performance with its potential 
performance (Brue, 2002). First, the team identified and documented the variance between business 
requirements and current capabilities of the delivery process. Then, the team used the best practices to compare 
and analyze that expectation with the current performance level of the company. 

· The team applies root cause analysis to the gaps and inconsistencies within the current process, and identifies 
abnormality of the current process as an "event situation.'-' In other words, it is this event that will be analyzed 
to determine the probable cause for its action (or inaction) in the current_process flow. Next, the converse of the 
"event situation" is formulated; this is termed the "non- event situation." Taking the difference between these 
two situations, the team then moves forward to determine an appropriate analysis of the inconsistency and 
pinpoint the probable cause(s) for its action. 

Gaps: 
1. Gap 1: Transferrin·g food from food vendor's truck to site location 

The Six Sigma Team determines from the Root Cause Analysis that Seniors First needs to develop 
a procedure for transferring food from food vendor's truck to the delivery site. Included with this 
documentation is: 

• Th'e maximum time allowed to transfer the food from the truck to the site 
• The number of meals required for that site 
• A range of oven (i.e. Cres Cor ) temperature settings 
• The duration that a oven (i.e. Cres Cor) can remain unplugged before meal temperature 

compliance is jeopardized 
• The effects of environmental conditions 
• The course of action in the event of a meal refusal 
• A sign-off document 

Additionally, the training of site managers is required for a more efficient process. 

2. Gap 2: Meal counts 
The Six Sigma Team determines from the Root Cause Analy.sis that Seniors First needs to develop 
a procedure for receiving meals at delivery site. Included with this documentation is: 

• The party responsible to deliver the meal in case of a volunteer no-show 
• A procedure for determining the availability of volunteers 
• A back-up procedure in the event that a meal-count is incorrect 
• A procedure to ensure that route books are updated 
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• The effect of traffic and other environmental factors upon route performance 
• A process that confirms meeting times with volunteers beforehand 

Additionally, the training of site managers is required for a more efficient process. 

3. Gap 3 & Gap 5: Temperature measurement 
The Six Sigma Team determines from the Root Cause Analysis that Seniors First needs to develop 
a procedure for taking temperatures, which includes the following: 

• 
• 
• 
• 
• 
• 
• 
• 

The individual who will take the temperatures of the test meals 
What portion(s) of the test meal will be used to take the temperature 
A set of instructions for how to take the temperature 
When the temperature must be taken 
What happens to the test meal upon completion of the test 
A procedure for how to calibrate the thermometer 
A procedure to follow should the meal be out of compliance 
Which party to report any out of compl~ance meals 

Additionally, this procedure must be va1idated .with the Seniors Resource Alliance. 

4. Gap 4:. Loading cars at site 
The Six Sigma Team determines from the Root Cause Analysis that Seniors First needs to develop 
a procedure for loading the cars that. includes the following: 

• The individual required to prepare the coolers and hot bags 
• When the preparation of coolers and hot bags should commence 
• The amount of paperwork involved in the process 
• The individual responsible for loading cars 
• A proced~e for ensuring the meal count is accurate 
• A process for updating route books 

Additionally, training is required of the Seniors First staff on how the hot bags operate. 

Validation Points: 
l. Validation Point l: Oven (i.e. Cres Co,r) temperature setting 

The Seniors First Team determines from the Root. Cause Analysis that Seniors First needs to 
develop a standardized, repeatable, procedure that includes the following: 

• A routine quality check embedded within the process to ensure the temperature is set at 
the correct level 

• A process for checl.dng Cre Cors for accuracy on a periodic basis 
• A possible procedure of checking the condition hot bags for accuracy 

2. Validation Point 2: No Response 
The Six Sigma Team determines from the Root Cause Analysis that Seniors First needs to 
augment the current procedure to include the following additional information from each new 
client: 

• The primary contact information (e.g. house phone number or mobile phone number) 
• A secondary contact of the senior ( e.g. contact of a relative or neighbor) 
• The senior's opinion on the course of action to take should the client give no response at . 

the time of delivery 

Additionally, seniors are to be classified into three categories based on health condition and 
environment (people &vailable for help, etc.). This information is documented to assist a volunteer 
in a course of action if a senior does not answer to the door. Finally, the development of more 
effective procedures to ensure the welfare of high-risk category seniors is to be documented._ 
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· - . IMPROVE . 
On~e the outputs are defined, knowledge is gained, and the root causes of variation are brought to light, teams 
begin to design improvements to the process in order to eliminate the gaps in the system and the causes of less
than-adequate performance. The SSPM performed in the Analyze phase not only identify the gaps but also 
al19ws the team to define improvements to streamline and improve the process to meet business needs. Also, it 
highlights where measurements should. be taken and what data source would provide and store results. The 
desired state service system process map includes desired validation and measurement points. It has a similar 
structure as to the one in the Measure phase. Table I provides the identified measurement points. 

Critical Control Point Process Data to be Measured Remarks 
Step 

M 1: Foods Delivery #3 and #4 Compliance of delivery Foods Vendor and Site Manager to sign 
Compliance temperature from food vendor_ at off on check sheet that all meal were in 

hand-off and accuracy.of meal compliance. If out of compliance 
count refusal process to be followed 

M2: Crescor/other #6 Temperature of food container If foods vendor owns Crescor, they 
Temperature Setting should be measured to ensure should validate and set, if SF owns 
Compliance accuracy and set to accommodate Crescor they should validate and set. 

conditions There should also be a routine for both .. 
to calibrate temperature readings on a 
regularly scheduled basis 

M3: Validation of meal #9 The meal count for each route The site manager should ensure that the 
count and.route book should be validated before loading. meal count for the route is correct prior 

Any special information should be to loading the volunteer's vehicle. They 
noted in the route book regarding should also pass on any special 
changes to route or d~livery, information and note how to 
anomalies with volunteers ability accommodate anomalies like broken 
to keep meals in compliance, i.e. cigarette lighter or factors that would 
no/broken cigarette lighter add time to the route 

M4: Meal Temperature Test #13 The dietician will test the meal This may also be done by designated 
at Start of Route temperature and record it on the staff who have had the proper training 

temperature control sheet and equipment 
M5: Meal Temperature Test #26 The dietician will test the meal This may also be done by designated 
at the End of the Route temperature when the last meal is staff who have had the proper training 

delivered. They should also note if and equipment 
the route was completed in the 
designated time to ensure 
compliance 

Table I. Measurements are established for Critical Control Points. 

Improvement Recommendations 
Several related recommendations should also be considered: 

• Incentives for volunteer training- SF top management commitment on the creation and implementation 
of the incentive program is recommended. The reward or incentive needs to be aligned with the 
company's goals. The emphasis of the incentive program should be to stimulate continuous · 
improvement through training. SF can reward volunteers with a token (i.e. T-shirt, Jacket, etc). 

• Equipment (Crescor for food vendor and heated bags for Seniors First) 

• Accountability- each employee and/or volunteer needs to sign off and handoff points (i.e. food vendor 
to site, site to volunteer and volunteer to the senior). 

• Specific training to the volunteers in terms of impact of temperatures and actions (i.e. temperature loss 
detection and prevention methods) is recommended. 

CONTROL 
After improvements are made and their effects are felt, it is necessary to make sure that the ·process continues to 
perform over time. It must be determined if the improved process is meeting the business goals that were 

. established. If this is verified, a culture of continuous improvement must be in place to ensure that the process 
·maintains (if not increases) its improved level of performance. The control mechanisms wer~ put in place in 
terms of an improved process procedure for Seniors First, and a set of target measurements, and associated 
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measurement points and recording sheets. During the project control phases and subsequent 3 months of 
observation, no temperatures related vulnerabilities were observed. 

PROJECT RESULTS 
The project resulted in an improved end-to-end process for delivering foods to senior citizens in Orange County 
in Orlando. The new process details all the steps required for the timely delivery of meals at the right 
temperature from the initial handoff by food vendor, until the meals are in the hands of the senior. To ensure 
consistency, a detailed procedure was developed and implemented at Seniors First. The project deliverables 
alsQ included recording sheets to be used by Seniors First to ensure that "acceptable" temperature measurements 

· are obtained at various critical points during meals' delivery. The project results include: 
• A workable roadmap for improvement was presented t~ Seniors First. The project report covers 50+ 

management actions to identify improvements, recommendations, and a specific pattern for follow-up. 
• A new Governance Model is -being implemented to assure better control and management practices are 

consistently followed. 
• All key processes were mapped and standardized. 
• Food Delivery cycle times were improved by 50% or more and critical failure points were identified 

and documented. 
• ·volunteer Training Programs to improve quality and handling were instituted and tracked. 
• A Continuous Improvement process has been installed at Seniors First. 

On the global schema of things, the project introduced Six Sigma process improvement techniques to Seniors 
First. It resulted in a successful application of this technique to a community related application that fosters 
ASQ community good works program. In terms. of collaboration, this project brought together local industries, 
university, and community in Orlando, to serve a noble cause related to the health and welfare of seniors. 

SUMMARY AND CONCLUSIONS 
The "Delivering Meals to Seniors Using Six Sigma" is a successful collaborative effort that was completed as 
part of the ASQ's Community Good Works program. The project was executed following the DMAIC 
methodology. 

In the Define phase, a project charter was developed that details the objectives of the development effort. In 
addition, a SIPOC was constructed to define the scope of the improvement, and VOC was developed to capture 
all customer requirements. In the Measure phase, a detailed process map was constructed, and data was 
collected based on a sampling plan with associated data· collection plan. In the Analyze phase, the root causes 

. are identified for the temperature incompliance for meals delivered to seniors, various gaps and measurements 
points were determined based on the detailed process map developed in the Measure phase. In the Improve 
phase, different improvement strategies were improv~d. A new process map was developed with all required 
measurement and validation point. In the Control phase, a process procedure was handed to Seniors First to 
ensure consistency in future meal delivery operations. · 

The project resulted in a successful application of Six Sigma in a community related effort that fosters ASQ 
community good works program. In terms of colfaboration, this project brought together local industries, 
university, and community in Orlando, to serve a noble _cause related to the health and welfare of seniors. 
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THE SIX-SIGMA QUALITY EVOLUTION AND THE TOOLS OF SIX-SIGMA 

J. S. Sutterfield, and Conrod S. J. Kelly 
Florida A&M University 

ABSTRACT 
The six-sigma quality revolution is in many ways the culmination of the quality movement that began in the 1950s. 
In this paper the conventional approach to quality is compared with the six-sigma approach, to detnonstrate how the 
human approach must be integrated into any quality program in order for it to succeed. The paper then discusses the 
tools of six-sigma and their application to quality excellence. 

INTRODUCTION TO SIX-SIGMA QUALITY 
Although six-sigma has emerged as a unique discipline only quite recently, the tools and approaches it uses were 
created throughout the long history of quality management, which itself has drawn on other disciplines such as 
industrial engineering, statistics, human resource management, and · organization theory. 1 Modern quality 
management is based -on three fundamental principles:2 

I. A focus on customers 
2. Participation and teamwork by everyone in the organization 
3. A process fo~us supported by continuous improvement and learning 

The principles underlying the six-sigma philosophy, despite their obvious simplicity, are quite different from 
traditional quality management practices. As Evans and Linds·ay note,3 traditional management practices were 
characterized by ... 

► Companies that did -little to understand external customer requirements, much less those of internal 
customers; 

► Managers and specialists that controlled and directed production systems; 
► Workers were told what to do arid how to do it, and rarely asked for their input; 
► Teamwork and employee participation in business improvement was virtually non- existent; 
► A certain amount of waste and error was tolerable and was controlled by post- production inspections; 
► Improvements in quality generally resulted from technological breakthroughs instead of a relentless mind-

set for continuous improvement. 

An . organization pursuing quality should actively seek to identify customer's needs and expectations, build quality 
work processes by tapping into the knowledge and expectations of its workforce, and continually improving every 
facet of the organization. Understanding and implementing these principles is vital to six-sigma.4 

Six-sigma relies heavily on the participation and teamwork of employees at all levels to understand the business 
problems, uncover their sources, generate solutions for improvement, and implement them. The term six-sigma is 
based on a statistical measure that equates to 3 .4 or fewer errors or defects per million opportunities. 5 Motorola is 
credited with pjoneering the concept of six-sigma as an approach to measure product and service quality. The core 
philosophy of six-sigma is based on the following key concepts.6 

• • 

I. Think in terms of key business processes and customer requirements with a clear focus on overall strategic 
objectives; 

2. Focus on corporate sponsors responsible for championing projects, support team activities, help to overcome · 
resistance to change, and obtain resources; 

3. Emphasize such qualitative measures as defects per million opportunities ( dpmo) that can be applied to all 
parts of an organization; manufacturing, engineering, administrative,' software, and so on; · 

4. Ensure that appropriate metrics are identified early in the process and that they focus on business results, 
thereby providing incentives and accountability; 
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5. Provide extensive training followed by project team deployment to improve profitability, reduce non-value
added activities, and achieve cycle time reduction; 

6. Create highly qualified process improvement experts ("green 
1

belts", "black belts", and "master black belts") 
who can apply improvement tools and lead teams; 

7. Set challenging objectives for improvement. 

These concepts provide a logical and disciplined approach to improving business performance, engaging the 
workforc.~, and meeting the goals and objectives of top management.7 

Joseph Juran attributed Japanese managers' full use of the knowledge and creativity of the entire workforce as one 
of the reasons for Japan's rapid achievements. When managers give employees the tools to make good decisions 
and the freedom and encouragement to make contributions, they virtually guarantee that better quality products and 
production processes will result. Employees who are allowed to participate in decisions that affect their jobs, both 
in teams and individually, as well as the customer, can make substantial contributions_ to quality and business 
performance. 8 

Problem-solving teams were introduced in the US during the 1940s to help solve problems on the factory floor; 
however, they failed because of management resistance to w·orkers' suggestions. The Japanese began widespread 
implementation of similar teams, called quality circles, in l 962~ and saw dramatic results. Today, the use of self 
managed teams that combine teamwork and empowerment is a powerful method of employee involvement.9 This 
approach reinforces the importance of participatio:Q and teamwork in six-sigma. Six-sigma is unique in the sense that 
it provides extensive training and creates highly qualified process improvement experts, green belts, black belts, and 
master black belts, who can apply improvement tools and lead teams. · 

ADVANCED TOOLS USED IN SIX-SIGMA 
Many years ago, Joseph Juran defined a breakthrough as the accomplishment of any improvement that takes an 
organization to unprecedented levels of performance; Six-sigma projects often focus on breakthrough 
improvements that add value to the organization and its customers through · systematic approaches to problem 
solving. 10 Successful quality and business performance improvement depends on the ability to identify and solve 
problems, and this ability is fundamental to the six-sigma philosophy. 11 Leaders in the quality revolution - Deming, 
Juran, and Crosby - proposed specific methodologies for improvemeni in the early days of the quality revolution. 
Although each methodology is distinctive in its own right, they sh~e many common themes. 12 

I. Redefining and analyzing the problem: ·Collect and organize information, analyze the data and underlying 
assumptions, and reexamine the problem for new perspectives, · with the goal of achieving a workable problem 
definition; · 
2. Generating ideas: "Brainstorm" to develop potential solutions; 
3. Evaluating and selecting ideas: Determine whether the ideas have merit and will achieve the goal of the 
problem-solver; 
4. Implementing ideas: Sell the solutions and gain acceptance from those who must use them. 

These themes are reflected in the principal problem solving methodology used by six-sigma, DMAIC---define, 
measure, analyze, improve, and control. The more common DMAIC tools used in six-sigma are defined and 

· discussed in the following paragraphs: 

Define 
The first step in the DMAIC process is to Define. Defining entaifs selecting the problem to address, clearly defining 
the improvement opportunity, building commitment among all stakeholders, and understanding the · process · and 
customer requirements from a high-level perspective.13 Six-sigma initiatives are executed in the form of a project. A 
project is a temporary work structure that starts, produces an output or outcome, and then shuts down. 14 Projects are 
implemented by a team, which leads to broad participation and ensures including the right combination of skills. 
Project management, or all activities associated with planning, scheduling, and controlling a project, is important to 
six-sigma because projects normally cut across departmental boundaries and require a high level of coordination 
between different departments and functions. Projects generally unfold in stages, in what is often referred to as a 
life-cycle. These stages are typically as follows: 15 
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► Project Initiation. 
► Project Planning 
► Project Assurance 
► Project Control 
► Project Closure . 

During the project initiation phase the direction, prioritie~, limitations, and constraints are established. Since projects 
are implemented to satisfy some requirement of a customer process owner, the customer must be a vital participant 
in an stages of the process. The project planning process involves determining the activities that must be performed, 
who will carry them out, how long each activity is estimated to take, and when they should be completed to meet the 
organizations goals. 16 The project planning phase consists of four steps: Project definition, resource planning, 
project scheduling, and project tracking and control. Project assurance is sometimes referred to as "customer 
relationship management." It allows the project manager to gauge how successful the final product will perform and 
not just the timing or cost savings. The project control phase involves reviewing the time, resources, · cost, and 
performance measures as the project is being carried out. In the closure phase, the mundane, but important tasks are 
carried out. 17 When a six-sigma project is selected, certain additional factors must be considered. These are as 
fol1ows: 18 

► Impact on the business 
► Probability of success 
► Impact on employees 
► Fit to strategy and competitive advantage 
► Financial return measured by costs associated with quality and process performance 

The last bullet brings up the issue of the cost of quality. The costs of quality are those costs associated with 
avoiding poor quality or those incurred as a result of poor quality. There are four major categories of cost: 
prevention, appraisal, internal failure and external failure cost. 19 The necessity to quantify these costs provides the 
justification for six-sigma. Joseph Juran observed that a high proportion of quality issues resulted from only a few 
causes. From this observation, he developed a technique called Pareto analysis. He named it after Vilfredo Pareto, an 
Italian economist, who determined that 85 percent of the wealth in Milan was owned by only 15 percent of the 
people, and vice-versa.20 Pareto analysis helps to distinguish the "vital few" from the "trivial many" and provides 
direction for selecting projects for improveinents. The Pareto Chart is a plot of check sheet information (to be 
discussed below) and is a special type of histogram in which the problem frequencies are plotted in the order of 
greatest to least. Pareto charts are extremely useful because they can be used to identify those problems having the 
most cumulative effect on the ·system, and thus screen out the less significant factors in an analysis. Ideally, this 
allqws the user to focus attention on a few important factors in a process. When this is done, the most essential 
factors for the analysis are graphical1y apparent, and in an orderly format. Pareto analysis is also useful when 
resources for solving problems are limited. They indicate where scarce resources should be applied in order to 
realize the greatest results. An example of a Pareto Chart is shown in Figure 1. 

Figure 1 -Pareto Chart 

525 



Proceedings of the 2006 IEMS Confetence 

Measure 
The second step in the DMAIC process is Measure, which focuses on understanding the current performance of the 
process selected for improvement, and collecting any necessary data needed for analysis. It also includes 
assessment of the measurement system to ensure validity of measurement and evaluating the capability.21 Six-sigma 
relies on good data for understanding process performance and tracking improvements that result from design 
changes. 

The first step in the data collection effort is to develop operational definitions for all performance measures that will 
be used. The Juran Institute.suggests ten important considerations for data collection:22 

• 

1. Formulate good questions that relate to the specific information needs of the projects; 
2. Use appropriate data an'alysis tools and be certain the necessary data are being collected; 
3. Define comprehensive data collection points so that job flows suffer minimum interruption; 
4. Select an unbiased collector who has the easiest and most immediate access to relevant facts; 
5. Understand the environment and make sure the data collectors have the proper experience; 
6. Design simple data collection forms; 
7. Prepare instructions for collecting the data; 
8. Test the data collection forms and the instructions and make sure these are filled out properly; 
9. Train the data collectors as to the purpose of the study,_ what the data will be used for, how to fill out the 

forms, and the importance of remaining unbiased; 
10. Audit the data collection process and vali~ate the results. 

The data required for six-sigma may be collected in a variety of ways. The Check Sheet provides a convenient 
means of recording data that facilitates analysis. The function of a check sheet is to document information as to the 
frequency of problems in an efficient," tabular format. This may be accomplished with a simple listing of items. 
However, the utility of the check sheet may be significantly enhanced, in some instances, by incorporating a 
depiction of the system under analysis into the form.23 An example of a check sheet is_ shown in Figure 2. 

Figure 2 - Check Sheet 

Another very simple but powerful tool is the Histogram. The histogram evolved to meet the need for evaluating 
data that occur with various frequencies. The histogram makes this possible by allowing for a concise portrayal of 
information in a bar graph format. The histogram is a powerful engineering tool when routinely and intelligently 
used. The histogram clearly portrays information on center, spread, and shape of a distribution, thus enabling the 
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user to perceive subtleties regarding the functioning of the physical process that generates the data. It can also help 
to suggest the nature of, and possible improvements to, the physical mechanisms at work in the process.24 Figure 3 
below shows a Histogram: · 

Figure 3 - Histogram 

Analysis 
The third step in DMAIC is Analysis. A major flaw in many-problem solving approaches is a lack of emphasis on 
rigorous analysis.25 Analysis refers to· an examinati.on of processes, facts, and data to gain an understanding as to 
why problems occur and where opportunities for improvement exist. Many of the defects, errors, or excessive 
variation that occurs usually results from one or more of the following:.26 

► A lack of knowledge about how a process works, which results in inconsistency and increased variation in 
outputs; 

► A lack of knowledge about how a process should work, including understanding customer expectations and 
the goal of the process; 

► A lack of control of the materials and equipment used in the process; 
► Waste and complexity, Such as unnecessary steps in a process and excess inventories; 
► Hasty design and production of parts and assemblies; poor design specifications; inadequate testing of 

incoming materials and prototypes; 
► Failure· to understand the capability of a process to meet specifications; 
► Lack of training; · 
► Poor instrument calibration ;;ind testing; 
► Inadequate environmental characteristics such as light, temperature, and noise. 

During this phase, one may employ · several of the seven QC tools. A Scatter Diagram is one such tool. Three 
possibilities for the scatter diagram are shown in Figure 4. 

Figure 4 - Scatter Diagrams 
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It is used to display what happens to one variable when another variable· is changed. The diagram is used to examine 
whether two variabl.es are related, and if related, the nature of the relationship(s) between the two variables. As 
shown above, three possibilities exist for a scatter diagram. The type of relationship that may exist is indicated by 
the slope of the diagram. Although these diagrams cannot prove that one variable causes the other, they do indicate 
the existence of a relationship, as well as the strength of that relationship. Correlation is a measure of the strength of 
a relationship between two variables, X and Y, and is measured by the correlation coefficient. A correlation 
coefficient will range from - I to I. A correlation of zero indicates that no linear relationship exists between the 
variables. 

Another tool that may be used during the analysis phase is the Cause-and-Effect Diagram .. This diagram is also 
called the Ishikawa Diagram, after its originator, Kaoru Ishikawa of Japan. It was devised so that all possible causes 
of a result might be listed in such a way· as to allow a user to graphically depict all possible causes of some effect. 
The cause and effect diagram provides a pictorial display of a list of factors in which possible causes of problems 
may be organized, or factors needed to ensure success of some effort. Thus, it allows easy identification of the 
relationships between factors when studying processes, problem situations, or when planning. It is also an effective 
tool in an area of quality study known as "FaiJure Mode Effects Analysis and Criticality (FMECA)." Dr. W~ 
Edwards Deming adopted this diagrapi as one of his firs~ and most helpful tools in the quality management 
process.27 Figure 5 shows an Ishikawa Diagram used for FMECA. 

Figure 5 _: Ishikawa Diagram used for FMECA 

A Process Flow Chart is yet another tool which provides a pictorial representation describing a process being 
studied. It may also be used to plan the stages of a project. Flow cparts provide people with a common language or 
reference point when dealing with a project or process. Four particular types of flow charts have proven useful when 
dealing with a process an~lysis: Top-down flow chart, detailed flow chart, work flow diagrams, and a deployment 
chart. Each of the different. types of flow charts provides a different aspect of a process or a task. Flow charts 
provide an excellent form of documentation for a process, and quite often are useful when examining how various 
steps in a process work together. Process flow charts can be used to analyze two separate stages of the process: The 
manufacture of the product and the finished product. In order to analyze the finished product or how to operate the 
process, flow charts use simple and easily recognizable symbols. Flow charting has been around for ·a very long 
time. In fact, flow charts have been used for so long that no one individual is identified as the "Father of the flow 
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chart." The· reason for this is obvious. A flow chart can be customized to fit any need or purpose. For this reason, 
flow charts can be recognized as a unique quality improvement method. 28 Figure 6 depicts a Process Flow Chart. · 

Figure 6 - Process Flow Chart 
Improve 
Improve is the fourth step in the DMAIC process, and it may also be one of the more difficult steps because it is 
more -of an an than a science. Relatively simply approaches are used to carryout the process improvement phase. 
One example is Shewhart's Model, which embraces the idea that the improvement process has a beginning but there 
is no end to it: It is a continuous effort. One approach used by six-sigma practitioners in improving quality is to 
depict Shewhart's Model as a cycle with four identified stages of process improvement: Plan (P), Do (D), Check (C) 
and Act {A). Deming represented these four stages with a device that has come to be known as "Deming's POCA 
Wheel," as.shown in Figure 7. 

2.Do 
Implement the plan 
onalHtbllais. 

Figure 7 - Deming's PDCA Wheel 

· "P" represents the beginning of the cycle, early planning. Using the tools of TQM to identify the opportunity for 
process improvement, the problem can be defined, the customers identified, and the quality characteristics 
unde~tood for the process under study. Solutions can then be developed to improve the process. When one solution 
is approved, a schedule can be prepared and resource estimates made for implementing the process. Members of 
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staff, or employees, are trained to smooth the transition to the new, improved process. In "D," or Do, the process 
improvement is implemented with support from management. In the "C," or Check phase, the outcome is analyzed 
to determine what actually happened after implementation of the new process. During '"P," expectations are 
developed as to how the process would perform after changes were implemented. In Check, those expectations are 
measured and compared with the original, or benchmark, values. In "A," or Act, successful proces.s improvements 
are incorporated as the work standard. 29 

Closely related to Deming's P,D,C,A approach is the kaizen concept of continuous process improvement. Kaizen is 
. vital to any on-going program of process improvement. Kaizen is often translated in the west as ongoing, 

continuous improvement. Some authors explain Japan's competitive success in the world market place as the result 
of the implementation of the kaizen concept in Japanese corporations. In contrast to the usual emphasis on 
revolutionary, innovative change on an occasional basis, kaizen looks for uninterrupted, ongoing incremental 
change. In other words, there is always room for improvement through continuous effort to become better. 
Originally a Buddhist term, kaizen comes from the words, "Renew the heart and make it good." Therefore, 
adaptation of the kaizen concept also requires changes in "the heart of the corporation," that is to say the corporate 
culture and structure, since kaizen enables companies to translate the corporate vision to every aspect of a company's 
operational practice. When applied· to ,the workplace kaizen . means continuous improvement involving everyone -: 
managers and workers alike. Practitioners of this theory maintain that continuous development and improvement is 
critical to all long term success. In practice, kaizen can be implemented in corporations by improving every aspect 
of a business process in a step by step approach, while gradually developing employee skills through training, 
education, and increased involvement. The principles ofkaizen implementation are as follows:30 

► Processes must evolve by gradual improvement rather than radical changes; 
► Improvement must be based on statistical/quantitative evaluation of process performance. 

In kaizen human resources are viewed as the most important company asset. Support throughout the entire corporate 
structure is necessary to become successful at developing a strong Kaizen .approach. Management, as well as 
workers, needs to believe in the kaizen idea and strive toward obtaining the small goals in order to reach overall 
success. Therefore, all members of an organization need to be trained. in a manner to support and propound the 
kaizen concept. Resources, measurements, rewards, and incentives all need to be aligned to work with the principles 
ofkaizen. 

Control 
The last step in the D.M.A.l.C. process is Control. Control is the activity of ensuring that project improvements will 
be sustainable by tracking key performance measures.31This requires monitoring the process and results, and taking 
corrective action when necessary to correct problems and bring the process back to stable performance. The control 
phase is critical because it is the basis for effective daily management of work at all levels in the organization and 
because long-term improvements can not be made to a process unless the process is first brought under control. 32 

Dr. Shewhart developed the Control Chart, as a statistical approach to the study of manufacturing process variation 
for the purpose of improving the economic effectiveness of the process. This method is based on continuous 
monitoring of process variation. A typical control chart is a graphical display of a quality characteristic that has been 
measured or computed from a sample versus the sample number or time. The chart contains a center line that 
represents the average value of the quality characteristic corresponding to the in-control state. Two other horizontal 
lines, called the upper control limit (UCL) and the lower control limit (LCL) are also drawn. In traditional quality, 
control limits are usually set at +3cr for the UCL and -3'cr for the LCL so that if the process is in control, 99.7% 
sample points will fall between the UCL and the LCL. As long as the points plot within the control limits, the 
process is assumed to be in control, and no action is necessary. However, several points falling outside of the control 
limits, or certain patterns in the points, are interpreted as evidence that the process may be moving out of control, 
and investigation and corrective action are then required to find and eliminate the assignable causes responsible for 
this behavior. The sample points are connected with straight line segments for easy visualization. Even if all of the 
points plot inside the control limits, if the~ behave in a systematic or nonrandom manner, then this is an indication 
that the process is probably out of control. 3 A typical Control Chart is shown in Figure 8. 
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In the traditional approach to quality, the UCL and LCL control limits of +3a and -3a, respectively, are specified by 
the consumer .. Consequently, the producer's process must be at least capable of manufacturing products to the + 3a 
and -3a control limit specifications. In six-sigma, however, the capability of the process is tightened up so that it 
can manufacture products at +6a or -6a. Thus, from the consumer's perspective, the new manufacturing process is 
more than satisfactory. From the producer's perspective the process generates nearly 3,000 fewer defects per 
millio_n products than the +3a and -3a process. 

CONCLUSION 
In many ways the six-sigma quality revolution is not so much a new or radically different departure from the 
traditional approach to quality, as it is a matter of extending the traditional approach to achieve greater degrees of 
quality excellence. One of the most important concepts in traditional quality is that of inculturating the quality 
mindset within an organization. Just as the traditional approach to quality raised quality expectations in organi
zations from those that had previously existed to those demanded by the then new quality revolution, so six-sigma 
again raises organizational quality expectations from those now widely accepted to yet higher expectations. The fact 
that an organization can advance from traditional quality standards to six-sigma quality standards underscores the 
importance of transfusing the quality mindset into an organization. As an organization accepts greater standards of 
excellence, it rises to meet those standards. This principle, one of the most important advocated by Feigenbaum, is 
essential to improving business performance. 

Improving business performance · requires · a structured approach, disciplined thinking, and the engagement of 
everyone in the organization. 34 These elements have been the foundation for many approaches to productivity and 
quality improvement over the years.35 Six-sigma has emerged as a popular approach to improvement that focuses on 
outputs that are critical to customers and justifies improvements by demonstrating a clear financial return for the 
organization. As such, six-sigma can be an important initiative from both a market and financial perspective.36 

The more common tools of six-sigma are summarized in Table I below. 

DMAIC Application Tool CPS Application 
Define, Control Flowcharts • Understanding the "mess" 
Measure, Analyze Check Sheets .• Finding facts 
Measure,Analyze Histograms • Identifying specific problems 
Analyze Cause-and-effect diagrams • Generating ideas 
Analyze Pareto Diagrams • Developing solutions 
Analyze, Improve Scatter Diagrams • Implementation 
Control Control Charts • Understanding the "mess" 

Table 1 - The Common Tools of Six-sigma 
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The solution of quality 'problems with six-sigma principles often requires the use of only a few of these simple tools 
to uncover quality issues and demonstrate improvements. 37 Along ~ith the above tools, a number of other more 
specialized tools, such as Design of Experiments, are used in six-sigma quality pursuits. These additional tools will 
be the subject of a subsequent paper. 
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ABSTRACT 
Hiring accredited faculty members takes precedence in maintaining a university's accreditation. In order to make 
sure that all faculty members hired into the University of Central Florida have the appropriate credentials to instruct 
in the field for which they have been hired, it is necessary to collect specific information and validate its accuracy. 
A Six Sigma project focused on improving the process of collecting, documenting and maintaining faculty 
credential information was created in an effort to reduce variability of the information that is provided. sbc Sigma 
tools were utilized throughout the DMAIC process in order to identify the root causes and inefficiencies of the 
current process and to develop improvement recommendations. The project ultimately identified that the collection 
of faculty credential information needed to occur prior to a candidate being hired for an instruction position, and that 
a computer based system of collecting and storing candidate information could eliminate waste in hand delivering . 
information and manually inputting it into a database. This article presents a case study that applies various Six 
Sigma tools to UCF's SACS faculty accreditation process with a final recommendation to use applications already 
in use by_ UCF in other ~eas to support the faculty credentials information collection. 

INTRODUCTION 
Every ten years, the University of Central Florida goes through ari accreditation process from SACS, the Southern 
Association of Colleges and Schools. One piece of the accreditation process is verification of credentials for 
instructors of record. In 2004, SACS chose to audit. the University of Central Florida's faculty accreditation 
credentials. A Faculty Relations department was created in an effort to collect the information required for the 
audit. Faculty Relations developed a form called AA-20a (SACS Principles Teaching Credentials Certification For 
New Hires) that comprised of all the items that were to be audited. After receiving the initial data from an current 
faculty members, it was decided that a process needed to be put in place to collect this same information as new 
faculty members were hired. It was decided that the AA-20a form would be part of the hiring package and filled out 
while a new hire's hiring package was being produced. 

The AA-20a form not only needed to be completed as part of the hiring package, but also had to be signed by the 
Department Chair and College Dean, as confirmation that the information was accurate and complete. Unfortunately 
Fa~ulty Relations rejected many forms due to inaccurate and/or incomplete information. 

A Six Sigma team consisting of six students from the Industrial Engineering & Management Systems department as 
well as the Mechanical & Aer-ospace Engineering department was put together in an effort to improve the faculty 
credentials information collection process at the College of Engineering and Computer Science (CECS) at UCF. 
This project was part of the Total Quality Improvement course in the IEMS department to educate students in the 
Six Sigma principles and at the end of the course and successful projects provide the students with Six Sigma green 
belt certificati,(?nS provided by the Harrington Institute. 

DEFINE PHASE 
In the define phase it is important to appropriately and completely define the problem and project together with the 
project sponsor, champion, master black belt, and black belt to ensure an accurate improvement recommendation in 
the final phase. 

Proiect Charter 
Based on meetings with the Project Contact, Project Sponsor, and Faculty Relations, a project charter was 
constructed to potentially improve the process. The following bullets show the highlights of this project charter: 
• Business Issue and/or Opportunities: To develop processes and procedures to collect and retain accurate and · 

~omplete data on the instructors' credentials for accreditation purposes in the Co_llege of Engineering and 
Computer Science. 

• Business Objectives: Produce/improve the compliant documentation for accreditation review for S_ACS 
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• Principal Project Objectives: 
1. Document current processes through observations, surveys, interviews, flow charts, etc, and use of Six 

Sigma.tools. ' 
2. Analyze current process to see if it meets the objectives of the business process. 
3-. Develop/define a documentation process that enables successful SACS accreditation information 

colle~tion and responsibilities of stakeholders in producing the documentation. 
4. Benchmark other colleges in the university by standardizing the best possible process that other 

colleges can emulate. 
5. Develop best practices 

• Benefits/Cost Savings: 
1. Minimal amount of incomplete or incorrect forms. 
2. Efficient and effective handling of the SACS documentation process. 
3. Reaffirmation of accreditation. 

Project Goal: To make sure all instructors of record have proper credentials that comply with SACS Faculty 
Accreditation requirements. 

• Project Objective: To produce and improve how Faculty Accreditation information is collected, documented, 
and maintained. 
Scope: Duration of Fall 2005 semester with deliverables from each phase of Define, Measure, Analyze as well 
as a Final phase at set dates throughoutthe semester. Deliverables included a report for each phase and a 30 
minute prese.ntation. 
Assumptions: To use the DMAIC process, but not cover the Implement or Control phases of the process due to 
time constraints. However, the team recommended action(s) for the Faculty Accreditation process for potential 
implementation. · · 

Stakeholder Analysis 
A Stakeholder analysis was completed to identify the stakeholders· involved in the faculty credentials information 
collection process. The primary, secondary, and tertiary stakeholders were identified &S follows: 
Primary Stakeholders: 
• College of Engineering and Computer Science Human Resources Representative: Responsible for the initiation 

of the hiring process. They collect and document all AA.:2oa forms from all college departments. 
• · College of Engineering and Computer Science Dean's Office: The -Dean concurs with the information on the 

form by signing it. · : 
• Faculty Relations: Review the forms submitted by the different colleges for approval or disapproval according 

to SACS' requirements. Review all faculty/instructors credentials and maintains faculty information database. 
Secondary Stakeholders: 
• College of Engineering and Computer Science Departme~ts: : The departments that the instructors apply to 

teach at. The department head, or other designated person, fills out the AA20-a form. The department head also 
concurs that the information and attached documents are correct by sign_ing the form. 

• College of Engineering and Computer Science Faculty/Instructors: Apply to teach undergraduate and graduate 
courses in the various departments at CECS. ~ 

Tertiary Stakeholders: 
• UCF: Hires the instructors for the various departments and provides the programs for the students. Need to stay 

accredited to ensure recognized programs and demonstrate the quality of the institution and the programs. 
• Students: The primary customers of the College of Engineering and Computer Science at the Univ~rsity of 

Central Florida. Students apply to UCF and CESC with the expectation of receiving lectures from well.;qualified 
instructors and faculty. 

• Commission of Colleges on SACS: The Commission on Colleges.of the Southern Association of Colleges and 
Schools is the recognized regional accrediting body in the eleven U.S. Southern states (AL, FL, GA, KY, LA, 
MS, NC, SC, TN, TX and VA) and in Latin America for those institutions of higher education that award 
associate, baccalaureate,. master's or doctoral degrees. The Commission on Colleges is the representative body 
of the College Delegate Assembly and is charged with carrying out the accreditation process. 
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. . . MEASURE PHASE 
In the measure phase it was important to measure the problem to find the current state of the process. A SIPOC and 
process maps were created, interviews with the departments and project sponsor were made, d~ta was collected on 
the processes, and the six sigma levels of each college at UCF, as well as the overall six sigma level for UCF, were 
calculated. 

SIPOC . 
A SIPOC diagram was completed to obtain a broad picture of the process and identify its key elements, scope, and 

boundaries. The completed SIPOC looks as follows: -----""""' .. --

1 Sup~iers > Input ~ -- ~ > --
• FullTime 

Faculty . 

• Departments 

• CECS Human 
Resources 

• Faculty 
Relations 

• SACS 

Data on: 

• Full time 
Faculty 
Credentials 
(AA20a form) 

• SACS 
requirements 

Identify data 
collection 
process 

(Interviews) 

t 
Identify data 
requirements 

(SACS, AA20a) 

t 
Collect data for 
analysis (Check 

Sheets, 
interviews, etc.) 

• Develop 
Improvements 

Figure 1: SIPOC 

• Comprehensive 
assessment of 
faculty 
credentials data 
collection 
process and 
gaps in CECS 
including errors 
incurred 

• Improved data 
collection 
process with 
zero error rate 

College of 
Engineering & 
Computer 
Science Human 
Resources 

It i~ interesting to note here that the CECS Human Resources representative is both a supplier and a customer. CECS 
Human Resources representative was the project sponsor who supplied the project with process knowledge and was 
the one to initiate the project beca,use of the realization that this was a problem and therefore the customer. 

Voice of the Customer 
The best way to find the voice of the customer was to interview the persons involved in handling the AA-20a forms. 
The person filling out the form in each department, the CECS Human Resource Representative, and Faculty 
Relations were all interviewed. The department representatives were interviewed face to face at one single time, the 
CECS Human Resources Representative was interviewed on several occasions when I)eeded,. and' Faculty Relations 
were interviewed by email on se_veral occasions. 

The main purpose to conduct face-to-face interviews with the College of Engineering and Computer Science 
departments was to understand the process used when preparing the AA-20a form. Another objective was to hear 
positive as well as negative (complaints) feedback about the form and discover their critical to quality metrics. The 
decision was made to interview one person in each department responsible for preparing the form since this person 
held critical information concerning the form and its use. Four out of six were Administrative Assistants, one was 

. the Coordinator of Academic Support Services, and one was Coordinator, Administrative Services· in their 
respective departments. The interviews were held in each person's office. 
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The main points obtained from the interviews with the departments were: 
• The AA-20a form states that the form must be filled out by the "appropriate unit head of the college dean". 

However, in reality the form is not filled out by any unit head or college dean. One department even emails the 
form to the employee to have him/her fill it out themselves. 

• Faculty Relations have offered numerous opportunities for training in the use of the AA-20a form and invited 
department he_ads, office managers, and administrative assistants to attend. However, several departments have 
not attended any of the training sessions claiming they did not receive invitations, while the other departments 
have attended one or more of the sessions offered. 

• There are no procedures to follow when preparing the form. 
• Five departments use transcripts, resumes, applications, and other supporting documents when preparing the 

form. One department hires faculty based on highest degree earned only and therefore does not use any 
supporting documents. ' · 

• It takes about 5 minutes for the department to prepare the form, and about 30 minutes to verify the information. 
• There are no procedures available on how to update Faculty Relations of additional credentials earned by 

faculty. 
• The gen~ral consensus about the form throughout the dep~ents is that it is a straightforward form, Q&A 

section is overboard, Classification of Instruction~) Program (CIP) codes are tedious to look up online, 
Teaching Discipline and Credentials Information sectiori is confusing, the form should be in an electronic 
format offered online, preparation procedures should be offered, and consistency is needed throughout the 
college and university. 

The main points obtained from interviews with the CECS Human Resource Representative were: 
• Too many forms are rejected by Faculty Relations resulting in having to contact each department for additional 

and/or correct information required. 
• Have not attended any training sessions offered by Faculty Relations. 
• Would like to see a faculty database for all faculty in the College of Engineering and Computer Science, and to 

be able to pull reports from same database. 
• The form should be filled out by employee, earlier than when decision has been made to hire employee. 

The main points obtained from interview with the Faculty Relations representative was: 
• The AA-20a form was created to collect all appropriate information for each faculty to prepare for scheduled 

audit by SACS in the year of 2006. They made the form and extension of the hiring package to obtain 
· information of new hired faculty. 

• They might chance the way in how they collect faculty information and not use the AA-20a form. 
• Would like to see internal audits throughout the ye~s between SACS audits. 
• Many of the forms supmitted have many errors, most of them being incomplete information. 

Current Process Flow Charts 
Based on all of the interviews, the current process tlow charts were completed to see the workflow and 
communication flow between the primary stakeholders. Three sub processes were created: a process map pertaining 
to Department, CECS Human Resources, and Faculty Relations. One overall process map was created as well, 
covering the path for the AA-20a form. · 

Critical to Quality and Key Metrics 
Faculty Relations wanted to implement annual intemal audits. These annual audits could be ideal points in time to 
measure and compare the critical to quality characteristics by computing the key metrics. There were a few possible 
key metrics derived from the voice of the customer: 

I. Minimize rejection of forms - Number of errors on submitted forms; Sigma levels of sub processes and 
overall process 

2. Minimize Cycle Time - Number business days from when department chair signs form until Faculty 
Relations accepts form 

3. Implementation of form procedures - Annual revisions of procedures ( when needed) 
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Data Collection . . 
A data set log was submitted to us by Faculty Relations including information about submitted AA-20a forms from 
all colleges at UCF for full- and part-time faculty new hires. Forms w~re submitted every time a faculty was newly 
hired or he/she changed teaching discipline. The data set included information about 201 total forms with the 
breakdown as follows: 

College of Engineering and Computer Science, CECS-21 Forms 
Burnett College ofBiomedical Sciences, CBS-3 Forms 
College of Arts and Sciences, CAS - 105 Forms 

.. College.of Business Administration, CBA- 18 Forms 
College of Education, COE-25 Forms 
College of Health and Public Affairs, COHPA-23 Forms 

The errors on the forms were categorized into five groups: 
1. Information missing 
2. Information is incorrect, insufficient, or questionable 
3. Qualifying degree needs to be identified in the department descriptions 
4. Needs WES; World Education Services, evaluations (for international employees) 

. 5. Other · · · 

The data set was measured per college looking at number of errors vs. no errors, pareto diagrams of errors, and 
. I I d . Id A f h d h d h ti 11 . suuna eve an y1e summary o t e ata s owe t e o owmg: 

Out of201 forms: Out of201 forms: . 34% had no problems . 86 forms had 1 problem . 30% had information missing . 40 forms had 2 problems . 21 % had incorrect, insuffident, or . 3 forms had 3 problems 
questionable information . 2 forms had 4 problems . 19% included a degree that needed to be . 1 form was a duplicate 
identified in the department descriptions . 5% needed WES evaluations . 16% had other problems 

Figure 2: Summary of Data 

The best college process performed at a sigma level of2.6CJ with a yield of 86.4% forms with no errors. The worst 
college process performed at a_ sigma level of 2.1 CJ and a yield of 72.6%. The whole university as a total works at a 
sigma level of2.4 CJ and a yield of 81.6%. 

ANALYZE PHASE 
In the analyze phase it was impo.rtant to find out why there were so many different errors in the forms and why there 
were so many inconsistencies in the way the different departments use the forms. Tools such as a Cause-and-Effect 
diagram, Process Failure Mode and Effects Analysis (p-FMEA), Cost of Quality Analysis, and Waste Analysis were 
used to identify the causes. . 

Cause-and-Effect Analysis 
A cause and effect diagram is used to discover all of the potential, or real, causes of a single _effect of. a problem. The 
causes of the problem are broken down into different categories. The SACS Faculty Credentials Information 
Accreditation Process single effect was that Faculty Relations rejected more than half of all the AA-20a forms, 
resulting in a delayed teaching assignment for the new hire. The main causes of the problem were equipment (form 
and computers), policies, procedures, and people. To determine the root cause of the problem a brain storming · 
session occurred and sub-causes were identified. The errors seemed to come from two main problems; the form is 
paper based and there are no policies and procedures in filling out this form. It was understood that the paper form 
was a quick solution to get the data necessary to prepare for a SACS audit~ and that Faculty Relations planned to 

. . change the process of attaining the credentials information. However, this team was not allowed to take part of any 
of these improvement plans. Hence, the assumption was made that there are no improvements to be made to this 
paper form, which gave us the opportunity to find the best and reasonable solution to this problem. 
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Effect: Form AA-20a not filled out correctly or completely 
Policy 

Who fills out the form Standards Training Verification of credential . Lack of inspection . No deadlines . Lack of training hours . Appropriate . Don't know what . Not mandatory . No rule on what 
signatories don't standards faculty courses are used to 
review form relations uses to count toward number . Wrong person fills review forms of hours completed 

· out form . New hires are not 
included in filling out 
form • ' 

. Wrong person signs 
form 

Equipment 
Insufficient space Content on form Layout of Form . Space available on form is . No instructions . CIP codes are difficult to find 

small . Confusing . No place for a currently in 
progress degree . Section 4 is confusing 

Procedures 
Form Misplaced People No Standard Tedious . Form is filled out too . Wrong person fills . No checklist or . CIP codes are 

late in process out form guidelines difficult to find 

'. Faculty can be hired . Don't ask for the . Lack of standards of . Overall procedures 
without having proper applicants input procedures in 
credentials . Lack of training .completing form . ·Wrong person signs . No instructions· 

form 
People 

Ignorance Knowledge Information received from . Don't take form seriously . Courses do not have standard application 
'. 

. Unaware of existence of names - those who fill out the . Not accurate 
problems form don't understand course . Delay in receiving the . Form is just filled out so it is titles credentials 
done . Incompetent . Lack of training . Human error 

Figure 3: Cause·& Effect Presentation 

Process Failure Mode and Effects Analysis (p-FMEA) 
FMEA is an approach used to identify possible failures of a product or service and to determine the frequency and 
impact of the failure. In the case of the Six Sigma methodology, FMEA is a tool used to improve quality by 

· identifying possible failures of a process. This is an inductive bottoms-up method; the analysis is based from the root 
failures to the final effect in the system, process or design. · 

The task of performing a FMEA is invaluable for analyzing and improving process reliability. It was used to define 
what could fail in the process of the AA-20a form: the failures modes and the effects of each failure mode. An 
important part of the FMEA also includes analyzing the criticality, or how harmful the effects are on system 
operation. Since the FMEA was to be applied to a process a variant of this tool was used, a 'p-FMEA', where "p" 
stands for process. It was determined that the following failures were the highest priority in the process due to the 
effects on it: Filling out the form incorrectly, Failure in inspecting the form, No training at the Department Level, 
and Not being able to translate supporting documents into right information needed. 

538 



Proceedings of the 2006 IEMS Conference 

Cost of Quality Analysis , 
The fundamental principle of the cost of quality is any cost that would not have been expended if quality were 
perfect~ This includes, for example, scrap, rework, downtime, inspection, quality audits, quality planning, policies 
and procedures, and education-and training, just to name a few. Our cost of quality showed that taking salaries of all 
people involved in the processes into consideration, it costs ¾'s as much to rework a document than if the form was 
processed one time. Also, it took ¾'s of the time to rework a form after it had been rejected. 

Waste Analysis . 
Waste in this process was identified according to the principles of Lean. The three types of waste identified were 
Correction of form, Transportation of form, and Waiting (for work, signature etc). Three Flow Process Charts were 
created to easily visualize this waste; one of a perfect process with no rework, one of when Faculty Relations 
rejected a form, and one worst case scenario if a·form would be reworked at all entities~. The most common scenario 
was that the form was verified and accepted throughout the whole process but rejected by Faculty Relations. The 
worst-case scenario is not known to have happened yet, however it was important to show how that process looked 
should it happen.· A Flow Process Chart is a useful tool to visualize the value added steps in a process. By adding the 
time for each step of the process in the flow process chart the value added steps could be estimated in time as .well. It 
was identified that rew_ork adds a lot of waste in the form of time and money and the most important waste areas to 
concentrate on was (~ order of importance): Transportation ( or• Travel), Waiting ( or Delay), and Verification of the 
form. · 

IMPROVE AND CONTROL 
Because ·oftime constraints there was only an opportunity to recommend improvements and control methods and 
not to implement them. Careful consideration of the results found in the Analyze Phase was taken when 
recommending the improvements and control methods . . 

Based on the results from the previous phases, the recommended course of action is to collect the SACS information 
earlier in the hiring process. Even though factors such as reorganizing the form, training on how to fill out the form, 
and other related issues· are important, it is also important to note how.obtaining the SACS information earlier in the 
process will help counteract the deficiencies across the board. Collecting the information before an applicant is hired 
will prevent a faculty member from being hired, if he/she does not have the proper credentials. 

Immediate 'Improvement Plan/Quick Win: 
The immediate improvement plan or Quick Win includes the following aspects: 

Annual Mandatory training 
Offer Training Workshops or send e-mails to the users of the form if the form is changed 
Checks and balances 
Return incorrect and incomplete forms to the departments, and specifically the individual who originally filled it 
out, who needs to correct it 
Take out the Q&A page at the beginning of the form 
Have the applicant fill out the form 

Training sessions provided by Faculty Relations would be required at least once a year. A requirement for one · 
representative from each department of every college to attend should be enforced. The training session would 
cover: . 

. The importance of the SACS information on the AA-20a form and why it should be filled o~t correctly 
How to decipher the official transcripts for the appropriate credit hours counted toward the position applied for 
Check and balance to review the completed form before it returns for signatures 

It is important for Faculty Relations to inform form users of any changes to the form either by e-mail notification or 
by scheduling a training update workshop. Another recommendation is to maintain a list of Troubleshooting Tips or 
Lessons Learned that everyone could find on the Faculty Relations own webpage. 

One major finding that could be quickly resolved is whom rejected forms are sent to. If a form is rejected due to 
errors, it is currently returned to the Human Resource representative. Unfortunately, the Administrative Assistants 
never receive feedback on the amount and severity of errors on the forms. Hence, they will continue to make the 
same errors. If the Administrative Assistants could see their mistakes first hand and understand the amount of 
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rework that must occur to have the forms filled out correctly they will be more likely to fill out the forms correctly 
the first time. 

Future Improvement Plan: 
As a long-term solution, new and useful features will improve not only the collection of SACS infonnation, but also 
the Hiring Process .. It was suggested that two computer programs already in use by UCF would be used to support 
the hiring and faculty accreditation information collection processes. The two applications are called Doc View and 
G-WIS (Graduate Web Information System); G-WIS would be renamed to F-WIS (Faculty Web Information 
.System). At present there is no centralized application where all functions involved in the hiring process can 
communicate easily, view SACS faculty credentials information, or electronic copies of faculty documents. Thus 
this new idea ofF-WIS and DocView were proposed. F-WIS will be a modified replica ofG-WIS, which currently 
supports the graduate student application process. F-WIS will allow information for each applicant to be viewed by 
logging into the system. This will be especially helpful for the Search Committee and Faculty Relations in their 
communication about SACS information and status of application. Doc View is an application that pertains to 
collecting documents for all students. This application could be expanded to include faculty documents. Doc View 
will support all functions throughout UCF that will need to look at a faculty's documents. Faculty Relations will no 
longer have to wait for the hard copies of the transcripts to arrive. They can simply log into Doc View and view the 
documents they need when they pre-scr~en and verify SACS -information. Also, transcripts will no longer get lost 
and Faculty Relations will have the information they need when l)eeded. The search committee will benefit from this 
system as well. They can log into the system at any time and look at the documents collected for each applicant. 
There will be no initial purchasing costs incurred using these two applications. 
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The new process would work as follows. When a candidate is asked to officially apply with the university, they will 
use an online application to which this information will be added to a database, Faculty Web Information System (F- · 
WIS). The applicant will be required to print a signature page, sign it 

0

and mail it to the Search Committee Chair. As 
soon as the Search Committee Chair receives a document for a candidate, he will make copies for the individuals in 
his committee and send the originals to the Human Resource Representative to be scanned into Doc View. Once the 
documents have be~n scanned, the originals will be returned to the Search Committee Chair to be filed. Now the 
committee members and everyone else involved in the hiring process can view the information for each candidate in 
Doc Vie\\'.. at any t.ime and access it from their office or even from home. 

When the Search Committee invites an applicant for an interview, the Search Committee Chair .will need to log into 
F-WIS and denote "Interview". This indicates that a specific candidate has been asked to visit the department for an 
interview. At this time an emaffwill automatically be generated and sent to Faculty Relations notifying them that a 
candidate will be interviewing for a position; hence a potential 'new hire'. Faculty Relations will send an email to 
the candidate and ask them to fill out the SACS information online. When this request is made, Faculty Relations 

. will denote this in F-WIS. The information filled out by the candidate will be entered automatically into a database 
used by Faculty Relations. Once the information is received, Faculty Relations denotes this in F-WIS. Now, as a 
control in the ·system, Faculty Relations will pre-screen the information to make sure the candidate's credentials 
correspond to the position for which they applied. This will be.made simple with the access to DocView where 
Faculty Relations can view Official Transcripts and other supplen:iental materials, if received. When the pre
screening is complete, Faculty Relations will denote in F-WIS if the information is complete or incomplete. If the 
information is incomplete, they can add comments _into F-WIS on what information is needed. The Search 
Committee will read these comments and understand that some information is unclear, or still missing, and the 
committee will have an opportunity to get the additional information from th~ candidate. 

When a decision is made that a candidate will be hired, the Search Committee Chair will need to denote in F-WIS 
that the candidate has been hired. After this is denoted, an email is-automatically generated to Faculty Relations 
notifying them that a candidate will be hired for a position. Faculty Relations will then_ verify that the SACS 
information is correct. This is a second verification made to ensure that the applicant selected has the proper 
credentials for the position. This will also allow for a full verification of the SACS information in case some 
documents needed for this process were missing during the pre-screening.· 

The Search Committee, Department, Human Resource Representat_ive, and College Dean, will process the Hiring 
Package as normal. The main point with the new process is that the hiring process is kept the same way. The only 
difference is that the SACS information collection is done before the applicant is hired instead of after and is now 
part of the hiring process. The new process also gives Faculty Relations full control of the information collection, 
which will also be in contact with the search committee and the applicant to get it right. 

SUMMARY /CONCLUSIONS 
The current process in place uses a lot of non-value added steps and time, especially in rework of SACS forms. The 
immediate improvement plan presented could reduce the non-value added steps and time involved in executing the 
process, but ultimately the permanent plan recommended will be most beneficial. The permanent plan process adds 
web-based tools such as F-WIS, DocView, and two online database systems to collect applicant information, the 
UCF Employment Application and the SACS information. These features of the permanent plan ~e twofold. Not 
·only will it improve liow SACS information is collected, documented, and maintained, but also make an impact on 
the hiring process; adding an online tool to collect the UCF Employment Application information, using an online 
manager (F-WIS) to track the progress of employment and SACS information, and storing all documents that 
applicants provide in a database (DocView). · · 

The new process provides new technology to Faculty Relations so that they can effectively collect SACS 
information as needed, and as the requirements change from SACS, they can easily update their online database to 
reflect what is needed. · · 
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CREATING A COMPARATIVE POST-MANUFACTURING QUALITY INDEX (QI) 
FOR VEHICLES IN SERVICE 

Stephen Allen and Dean DeCock 
Truman State University 

ABSTRACT 
Both short and long term vehicle quality reports investigate consumer interpretations of vehicle quality and repair 
frequency. These surveys and reports are widely available for consumers when considering the purchase of a 
vehicle. While these instruments rely on willing, self-reporting consumers, do they represent an unbiased opinion as 
to vehicle quality? Having an unbiased Quality Index (QI) might prove more useful to a consumer who is concerned -
with vehicle product quality which may extend to reliability. One method of inferring vehicle quality can be found 
through the examination of publicly available vehicle Recalls and vehicle Technical Service Bulletins (TSB). A QI 
model based on-Recalls and TSB's is developed and applied to the highly competitive family sedan segment. 

INTRODUC'f.lON 
Consumers purchse· cars for many reasons: style, quality; ·safety, price, basic transportation, luxury, status, etc. 
However, despite the.consumer's purchase reason, nothing is more frustrating to a consumer than when a car fails to 
operate adequately. Even though the consumers are faced with a sample size of one with their automobile purchase, 
the underlyi,ilg level of quality may ultimately determine the automobile's overa11 successful service life to the · 
consumer. Automobile manufacturers 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 hasdaimed;the relentless pursuit of perfection. While Chrysler 
has begun a series of Development Systems' Quality Gates. [3] Clearly, 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 automobiles in' the US market place, is there room for any other manufacturer? The Chinese are poised 
to bring yet another product to the American automobile marketplace.-the Geely. Can the US automobile market 
absorb yet another producer? 

Given the obvious effort toward quality, why then is the US domestic auto industry in the dumps? Many factors 
enter 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 consumers are demanding ever higher 
and higher quality product. 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. 

Background 

As a consequence of the high cost of design, automobile manufactures no longer produce significant model. changes 
from year to year. Rather, a significant model is expected to be maintained for several years as a generation of the 
model. Typically subtle changes are made to the model year to year, with a minor revision sometime in the midlife 
of the generation. The common use of a generation of a model, does allow for the manufacturer to improve the 
product quality from one year to the next as the changes are subtle. Today's automobile is no longer produced by a 
single manufacturer but rather by a deep network host of suppliers feeding suppliers. For a mantJfacturer to achieve 
a zero defect product, its suppliers must also be achieving zero defect production goals. [5] In fact, the manufacturer 
must insist on zero defect prod~ction from its suppliers. 

A very visible automobile quality assessment is done continuously 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 quality 
initially, three years after the sale, many years of service, the sales process and the consumer process. Based on the 
impression of consumers, the data supports the claim that there is little or no difference in the quality of US 
domestic produces and international producers. [7] But is this consumer impression really the true situation? If so, 
what drives consumer preferences? Or are the consumer survey results misleading? 
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Available Public Data 

The US federal government agency, National Highway Traffic Safety Administration (NTHSA), collects and 
maintains safety and compliance 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 National Highway 
Traffic Safety Administration (NHTSA) within five days of discovery. [9] 

A public measure·ofmanufacture quality may be related to both 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 meeting environmental emission mandates. In either case, a service campaign is 
initiated 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 ofTSB's include correction to the engine and 
its cooling system, structure, electrical system and components, power train, visibility, suspension, brakes and tires . . 

METHODOLOGY 
The US domestic market is fiercely competitive. One of the inost competitive market segments is that of the four 
door family sedan. Publicly available Recall and TSB data is collected on the entry level four door family sedans. 
The models include: Chevrolet's, Malibu, Dodge's Stratus; Ford's Taurus; Honda's Accord; Mazda's Mazda6; 
Nissan's Altima, and Toyota's Camry. The selection criteria were limited to the model's standard trim level, six 
cylinder power plant,. and automatic transmission. · 

Quality Index <QD Development 

A comparative Quality Index (QI) is required to assess differences between the quality levels of manufacturer's 
models. As the existence of Recall data for an automobile model is a significant detriment of the quantifiable 
quality of the model, this characteristic was deemed of high importanc·e in the QI development. TSB's on the other 
hand, while important, are not potentially life or environmentally threatening and were considered somewhat less 
important in the development of a QI for vehicles in service. 

Ideally, a zero defect producer of automobiles would achieve zero Recalls and zero TSB's for any automobile 
model. · Achieving the zero/zero defect level would be the ultimate production achievement for any manufacturer. A 
model was then created to simultaneously and jdintly compare Recall and TSB data among manufacturer models. 
The following QI model was conceived and tested for a relationship to Recall and TSB data: 

QI = RECALL + (I / k) * TSB , where k= relative comparison constant 

In this way, a model having 2 or more Recalls could have an index greatly above a model having one or zero Recalls 
or major defects depending on the value ofk~ TSB.data would have less impact on the comparative value of the 
index unless the volume ofTSB's grows greatly. The choice of the constant k was evaluated through the magnitude 
of the TSB data. k's of 1, 10, 100, and 1000 were considered. An increasing level ofk inversely i;elates the 
associated impact ofTSB numbers on the total QI. Low k values give greater weight or comparative value to the 
volumes ofTSB's while higher k values tend to discount the volume ofTSB's. Figures 1-4 indicate the QI behavior 
with differing k values: · 
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A k value of I gives same strength parity of a TSB to that of a Recall. Given that the quality issue of a TSB is 
neither life threatening nor environmentally hazardous, a k value equal to I is not a reasonable quality reflection of a 
TSB and a Recall. A similar argument can be made for a k value equal to 10. For a k equal to I 00, a quality 
comparison of an accumulation of 100 TSB's as compared to that of a recall may be reasonable. From a consumer 
point of view based on quality, what choice would be made between an automobile with zero Recalls and 92 TSB's? 
The choice isn't clear which automobile is the preferred or at a higher quality level. Thus a k equal to 100 might be 
a good choice.for the constant to provide a comparison value of QI. For a k equal to 1000, an automobile would 
haye 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 discounts the volum~s of TSB data. 

The zero defect manufacturer would then have a goal of QI= 0.00 for any model in any year. However, since 
manufacturer's now produce vehicles by generation, there would be an expectation that the QI over time for any 
generational model year would decline as vehicles in service more readily identify their quality issues and could be 
addressed with subsequent model year's production improvements. The decline rate would indicate the speed and 
ability of a manufacturer to address those identified quality issues. A quality manufacturer's final generational 
model year's QI would be expected to be less than or equal to the overall QI average for the model's generation. 
Finally, a least squares fit analysis of QI versus model year time would expect a negative slope for a model that has 
had .its quality issues addressed and seen a significant reduction in Recall ·and TSB data for forthcoming model 
years. One cautionary note to the model, the QI changes over time as new Recall and TSB data is accumulated. For 
example an automobile currently in production, may not yet have had all of its Recall and TSB data yet identified. 
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The NHTSA does not have time expiration on the identification of Recall data due to the potential oflife threatening 
situations. 

Data Collection and Analysis 

The data were collected for the following models: Malibu, Stratus; Taurus; Accord; Mazda6; Altima, and Camry 
which are comparative 4 door, six cylinder, automatic transmission, similar priced family sedans sold in the US. 
The Appendix shows the compiled Recall and TSB data for these models. The summary data in Figure 5 below 
shows the average Recall rate, average TSB volume, average QI, the latest year's QI and the least squares fit slope 

· of QI versus model year time. Figure 6 shows manufacturer/model rank by descending QI (best to worst). 

k= 100 Avg Avg Avg Latest QI 
Manufacturer Model Recall TSB QI QI Slope 

Chevrolet Malibu 1.3 191 3.24 1.31 -2.9 

Dodge Stratus 2.2 77 2.93 0.06 -1.2 

Ford Taurus 3.6 150 5.07 1.00 -2.0 

Honda Accord , 1.8 279 4.54 2.08 -1.6 

Mazda Mazda6 1.0 47 1.47 0.00 -1.3 

Nissan Altima 1.6 79 2.39 0.00 -1.7 

Toyota Camry 1.4 75 2.15 0.04 -1.0 

Figure-5 

k= 100 Avg Avg Avg 
Manufacturer Model Recall TSB QI 

Mazda Mazda6 1.0 47 1.47 

Toyota Camry 1.4 75 2.l5 
Nissan Altima 1.6 79 2.39 

Dodge Stratus 2.2 77 2.93 

Chevrolet Malibu 1.3 191 3.24 : 

Honda Accord 1.8 279 4.54 

Ford Taurus 3.6 150 5.07 

Figure 6 

Results 

The QI provides a comparative index by which to compare different manufacturer's quality level of product with the 
same market segment. The index is also consumer unbiased in that the reporting of a Recall is a federal 
requirement. 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 automobile ·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 Mazda6's 1.47 to a high of 
Ford's 5.07 for the 4 door family sedan analyzed here. The data does show significant differences in manufacturer 
product quality. 

Additionally, the least squares fit regression 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. 
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CONCLUSIONS 
A QI model as proposed appears to give a viable comparative quality, value to compare in an unbiased manner 
automobile models from differing manufacturers for ongoing quality efforts. The k value analysis tends to indicate 
that relating TSB's by a value of 100 is a reasonable choice for the QI model. 

Utilizing consume~ 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 loyal may blur 
true achie,ved quality levels. Consumers will continue to hold product biases. However, with a definitive data 

. index, the high quality produce may use the quality evidence to better design producer-consumer interactions and 
education overcoming any incorrect beliefs and/or biases. 
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APPENDEX 

Producer Model Year Recall TSB Producer Model Year Recall TSB 
Chevrolet Malibu 2004 3 402 Honda Accord 2003 1 552 

Chevrolet Malibu 2005 0 139 . Honda Accord 2004 2 400 

Chevrolet Malibu 2006 31 · Honda Accord 2005 2 154 
Honda Accord 2006 2 8 

Dodge Stratus 2001 8 152 
Dodge Stratus 2002 0 113 Mazda Mazda6 2003 3 89 

Dodge Stratus 2003 1 85 Mazda Mazda6 2004 1 78 

Dodge Stratus 2004 2 72 Mazda Mazda6 2005 0 20 

Dodge Stratus 2005 2 31 Mazda Mazda6 2006 0 0 

Dodge Stratus 2006 0 6 
Nissan Altima 2002 5 189 

Ford Taurus 2000 8 391 Nissan Altima 2003 3 104 
Ford · Taurus 2001 9 211 Nissan Altima 2004 0 51 
Ford Taurus 2002 3 205 Nissan Altima 2005 .0 51 

Ford Taurus 2003 3 114 Nissan Altima 2006 0 0 

Ford Taurus 2004 1 90 · 
Ford Taurus 2005 0 39 'foyota Camry 2002 -3 172 
Ford Taurus 2006 0 Toyota Camry 2003 1 85 

Toyota Camry 2004 2 76 
Toyota Camry 2005 1 38 
Toyota Camry 2006 0 4 
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PERFORMANCE CHARACTERIZATION OF THE KIA LATHE 

Hareash Vontivilu and Gama) Weheba 
Wichita State University 

ABSTRACT 
This paper represents a performance characterization study of a Computer Numerically Controlled machine tool. 

. The study utilizes a specially designed benchmark inodel, and statistically designed experiments to obtain reliable 
estimates of key performance characteristics of the machine tool wider varying cutting conditions. The results 
indicate operating conditions at which target levels of surface finish and dimensional accuracy can be achieved. 

INTRODUCTION 
In manufacturing any part, dimensional accuracy and surface finish are important quality characteristics that affect 
customer satisfaction. For the manufacturers to achieve the best from a dry hard finish turning, accurate predictive 
models for dimensional accuracy and surface roughness must be constructed. These allow for a quantitative 
understanding of the effect of the various parameters on the final manufactured product (Ozel and Karpat, 2004). 
Surface roughness may be affected by changes in the tool geoinetry (like tool radius, rake angle); and cutting 
parameters (such as feed rate, cutting speed, depth of cut). In dry .hard finish turning the tool wear may also affect · 
surface roughnes~. As pointed by Proctor (200 I), dimensional accuracy is affected by factors like thermal 
expansion, chatter; randomly occurring errors, ma~hine's geometric errors (e.g., slide non-linearity, gear 
eccentricity, backlash). 

The KIA lathe located in the Manufacturing Laboratory at Wichita State University is a CNC programmable lathe. It 
has a powerful user-friendly programmable system; however, efficient utilization of the machine requires a thorough 
understanding of its features and capabilities. This study is aimed at the characterization of the machine performance 
levels under different operating conditions. The following section represents a review ~f the literature pertinent to 
the evaluation of machine tool performance and related standards.This is followed by a presentation of the 
experimental work and the statistical analyses performed. Research findings and final conclusions are summarized 
in the last section. 

LITRETURE RE~EW 
There are various methods for quantifying the effect of machining parameters on the product quality. Although the 
general procedures are similar, different statistical designs·have been utilized to quantify the effect of a finite 
number of parameters. Some utilized full factorial experiments with few factors, while others used fractional 
factorial designs to screen a larger set of parameters (Ozel, & Karpat, 2004). The international standard, ISO 230-
4:2005(E) suggests that if the environmental conditions are controllable, then machining centers would be set to 20 
~C. Else the measuring equipment and the readings have to be adjusted to equivalent results at the 20 °C (for radial 
deviation measurements only). It is also recommended that the manufacturer· and the user of the machine tool agree 
to a specific thermal environment for an accurate performance of the experiment. The user is responsible for 
achieving this thermalenvironment in the insta11ation site·before the experiment is performed (ISO 230-2, 1997). 
Both the machine tool and the measuring equipment have to be kept away from any sunlight, draughts or overhead 
heaters. Also, it is advised to have both measuring equipment and the machine in a thermally stable area before the 

· evaluation. When the temperature in the environment deviates from 20 °C, it may contribute around ± 2 µml (m 0C) 
to the uncertainty, in addition to the coefficient(s) used for the compensation of machine uncertainty (ANSI B89.6.2, 
1998). Thus the actual temperatures noted during the experiment have to be reported. The machine tool used for the 
test and the measuring equipment has to be kept in the same temperature environment for at least 12 hours before 
the experiment. 

Before starting the test it is required to have the machine fully equipped with all tools and in a complete operational 
condition. All required functionality tests, leveling operations and capability studies should be performed prior to the 
actual experiment. Especially for a lathe, it is advisable to perform the circular test in a trial run at unloaded 
condition, i.e. without the workpiece. · A11 the required geometric alignment tests should be carried out before 
performing repeatability and accuracy tests. If there are any integrated compensations involved in the test procedure, 
they should be mentioned in the final report. Also, moving elements and slides that are not included or involved in 
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the experim~nt have to be reported. A warm-up period has to be allowe~ as specified in the· setup procedure 
recommended by the manufacturer of the machine tool. 

Test (benchmark) p~ play a vital role in acceptance tests of machin~ tools. However, using Benchmarks alone to 
evaluate all aspects of performance is not recommended. There are several other factors that have to be considered 
including tool ware, material properties, coolant flow and selection, temperature fluctuations on the workpiece, 
programming errors, and fixture induced distortions. Therefore geometric alignment tests, functionality tests, and 
other tests are often required. A number of test part designs have been proposed and recommended by many 
organizations including the Japan Industrial Standards (JIS), Japan Bearing Industrial .Association Standards (BAS), 
National Academy of Science (NAS). American Society of Mechanical Engineers (ASME) recommends that a 
standard test part should be chosen in such a way that it covers all operations that are important in the eyes of 
machine user and customer of the finished part. It should include operations such as contouring, threading, and 
boring etc, (ASME B5.57, 1998). Production parts may also be utilized to evaluate machines used to make a single 
part or family of similar parts. Typically, 6 to 10 parts would be produced over a period of time to assure stable 
operations. · 

EXPERIMENTAL SETUP AND DATA COLLECTION 

Experimental Factors· and Levels 
The machining factors considered in this study are depth of cut (inches), spindle speed (rpm) and feed rate (in. /rev). 
The factors that might affect the surface roughness and dimensional accuracy of the manufactured part are listed in 
Table I. The levels that are listed below were selected to cover the normal range of lathe ( cutting) operating 
conditions. 

Table 1: Factors, levels and its units 
Levels 

Factors Unit low high 
I . Spindle speed rpm 1500 3500 
2. Feed rate in. /rev. 0.005 0.008 
3. Depth of cut inch 0.01 0.05 

I. Spindle speed - The spindle speed is the peripheral speed of a work piece passing the cutter in a CNC 
turning centre. (Levels of speed are 3500 rpm - high and 1500 rpm - low cove~g the normal speed range 
in the KIA KT 20 lathe). The maximum spindle speed at which the KIA KT 20 S lathe can work is 4000 
rpm (KIA Operator's Manual, I 988) 

2. Feed rate (in/ rev.)-The speed at which a tool is fed or pushed into a work piece. (Levels of the factors 
are 0.005 in. /rev., 0.008 in. /rev.), · 

3. Depth ·of cut (inch) -The.thickness of material removed in a machining operation. In other words, the 
perpendicular distance between the original and final surfaces of the work piece being turned, (levels of the 
factors are be 0.0 I inch, and 0.05 inch), 

Selection of the Test Part Design 
Test piece Specifications: Aluminum grade used as a test piece for machining in this project was Al - T3. This is one 
of the soft grades of Aluminum. Tool specifications: Carbide Insert (CNMG 43 IMM SV320, Coating TiCN Al2O3 
TiN, Grade C5, Nose radius 1/32", Rake angle -6 degrees, Clearance angle -6). The tool wear and the build up edge 
formation were compensated by randomizing the order of runs. 
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Figure 1: Speci~lly Designed Benchmark Design 

Response Variables 
This experiment focuses on the surface finish and dimensional accuracy of the manufactured part. Surface finish is · 
measured in terms the arithmetic mean deviation (Ra) of the surface profile (in micro-meter). Dimensional accuracy 
is evaluated based on the observed deviation of diameter measurement from their nominal (DNOM). A Mitutoyo SJ 
- 400 Surface roughness tester was utilized as the measuring device. The surface tester checked for accuracy after 
each test piece sample. The SJ - 400 is capable of evaluating 'surface textures including waviness with a variety of 
parameters according to various national standards and international standards. The measurement results are 
displayed digitally/graphically on the touch panel, and the output to the build-in printer. The Mitutoyo SJ 400 
surface roughness tester apparatus (figure 2) had a repeatability of± 0.059281 micro-meters. The Mitutoyo digital 
readout micrometer that was used to measure the response DNOM 0 0.375 inches. The Mitutoyo micrometer had a 
repea,tability of± 0.001129 inches. The chamfer angle was considered as a response and this was measured on the 
Quadra Chek HB 350 Optical Comparator (figure 3). This pro_filometer had a repeatabiiity of ±·0.044159 degrees. 

Expe_rimental Desi§n . · , 
The design used is 2 factorial un-replicated. The design matrix for this experiment is illustrated in Table 2 

Tabl 2 D . M . f h E e : es1gn atrix o t e xpenment 
s R Factor 1 A: Factor 2 B: Factor 3 C: Response I Response 2 Response 3 
t u Spindle Feed rate Depth of cut ·Diameter Ra (micro- Chamfer 
d n speed (rpm) (in./rev.) (inches) (inches) meters) angle (deg.) 

1 4 1500 0.005 0.0,1 0.019 2.33 -0.51 
2 5 3500 0.005 0.01 0.0235 1.53 -0.08 
3 6 1500 0.008 0.01 · 0.0245 3.93 0.34 
4 3 3500 0.008 0.01 0.025 1.84 -1.01 
5 2 1500 0.005 0.05 0.016 0.83 -0.21 
6 1 3500 0.005 0.05 0.02 2.36 -0.4 
7 8 1500 0.008 0.05 0.0225 3.22 -0.34 
8 7 3500 0.008 0.05 0.021 3.99 0.34 

Analysis of variance (ANOV A) was applied to investigate the main ·effects of spindle speed (rpm), feed rate (in._ 
/rev.), and depth of cut (inch) together with their three-level interaction effects on surface roughness, dimensional 
accuracy and chamfer angle. · 
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DATA ANALYSIS AND RECOMMENDATIONS 

DAT A ANALYSIS (statistical analysis) 

A = Spindle Speed 
B = Feed Rate 
C = Depth of Cut 
Alpha=0.05 

Data collected was entered in Stat-Ease software, and it generated the ANOV A table for DNOM for diameter 0.375 
inch as shown in table 3 

Tab . f le 3: Analysts o Variance for DNOM for 
Source· Sum of 

Squares 

Model · 6.41E-05 

A · 7.03E-06 

B 2.63E-05 
c . l.95E-05 

AB l.13E-05 

Residual 1.09E-06 

CorTotal 6.52E-05 

R-Squared 
Adj R-Squared 

0.9832 
0.9609 

DF 

4 

1 

1 

1 

1 
3 · 

7 

d' 1ameter 0 3 . h . 75 me response 
Mean F Prob> F 
Square Value 

l.6E-05 . 43.97143 0.0054 significant 

7.03E-06 19.28571 0.0219 

2.63E-05 72.08571 0.0034 

l.95E-05 53.57143 0.0053 

1.13E-05 30.94286 0.0115 

3.65E-07 

According to the ANOVA table, spindle speed (A), feed rate (B), depth of cut (C) and the interaction between A and 
B have a significant effect on the value ofDNOM for diameter 0.375 inch. 

Diagnostics examinations for DNOM for diameter 0.375 inch was analyzed and the software reported no violations 
of underlying assumptions such as constant variance, normal distribution and the graphs showed data is randomly 
scattered. However from the interaction plots it was analyzed that, when depth of cut has been switched from low to 
high level, the deviation will significantly decrease. At the low level of spindle speed, the DNOM is significantly 
different when the machine is operated at two different feed rates. The value ofDNOM seems to be low when low 
spindle speed and low feed rate have been utilized. However, when the spindle speed is increasing, the difference of 
DNOM is not significant evep different feed rate are used. 

Similar procedures were followed in analyzing the observed Ra, Surface roughness values; According to the 
ANOV A table, spindle speed (A), feed rate (B), depth of cut (C) and the interaction between A and C has a 
significant effect on the value of surface roughness. The interaction graph shows that surface roughn·ess of a test 
piece will decrease significantly when the spindle speed has been changed from low to high level. (1500-3500 rpm) 
with a constant depth of cut (0.01 inch). However, if the depth of cut is set at 0.05 inch, surface roughness will 
increase significantly when spindle speed increases. 

Surface quality can be affected by small amount of depth of cut, low feed rate and high spindle speed. However, 
· for DNOM 0 0.3 7 5 inch is significantly affected by all main effect from spindle speed, feed rate, depth of cut and 
the interaction between feed rate and spindle speed. The value ofDNOM 0 0.375 inch will be minimized if both 
spindle speed and feed rate are set at low level (1500 rpm and 0.005 inch /rev.) while the depth of.cut is set at high 
level (0.05inch). For the surface roughness value Ra, only feed rate and the interaction between feed rate and depth 
of cut will have significant effect on the value of Ra. In order to achieve low value of Ra, lathe machine should be 
operated at low level (0.005 inch/rev.) with a small depth ·of cut (0.01 inch). In addition, if all characteristic above 
has been considered, spindle speed, feed rate and depth of cut should be set at 1500 rpm (low), 0.005 inch/rev. (low) 
and 0.05 inch (high). , 
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Dimensional Accuracy Assessment 

Conclusion for DNOM for diameter 0.375 inch is shown in table 4 

T bl 4 M . fi d" d d a e : am 1D mgs an recommen ations for DNOM 0 0.375 inch 
Variable Main findin2s and recommendations 
Spindle speed Spindle speed will increase the value of DNOM 0 0.375 inch when it is operated at 

high speed (3500 rpm) but the difference in deviation is not significant when feed rate 
is high. 

Feed Rate Feed rate will have a significant effect on DNOM 0 0.375 inch when it is run at low 
spindle speed. ·Feed rate and spindle speed have an interaction effect on the value of 
theDNOM. 

Depth of Cut DNOM 0 0.375 inch will decrease to the lowest point when depth of cut is set at high 
level (0.05 inch). In this case, depth of cut has no interaction with spindle speed or 
feed rate. 

Surface Finish Assessment 

Conclusion for surface roughness Ra is shown in table 5 

Table 5: Main fmdings and recommendations for surface roughness Ra 
Variable Main findin2s and recommendations 
Spindle speed Spindle speed will increase or decrease 'surface roughness (but not significantly) when 

depth of cut is set at high and low respectively. · Therefore, surface roughness will be 
low if the spindle speed is run at high level (3500 rpm) and small depth of cut. 

Feed Rate Machine should be operated at low feed rate (0.005 inch/rev.) if the surface roughness 
is needed to be minimized. This factor has no ~teraction ~ith spindle speed and feed 
rate at all. 

Depth of Cut Depth of cut should be small with high spindle speed in order to achieve the 
minimized surface roughness · 

Conclusion for multiple responses (DNOM 0 0.375 inch and surface roughness, Ra) 

If both factors (feed rate and spindle speed) hav~ been investigated at the same time, the overlay graph from stat
ease package shows that lathe machine should be operated in the shaded area as indicated in the graph in order to 
achieve the optimum value of DNOM and surface roughness. The result from the graph shows that a machine should 
be operated at low feed rate and low spindle speed (while the depth of cut is held constant at 0.03 inch) in order to 
get the lowest value of both DNOM and surface roughness. 
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·Overlay · Plot 
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· A: Spindle SPeed 

Figure 2: Optimal Levels of Operating conditions 

From the AN:ov A table for chamfer angle, all three fact~rs (A, B, C) and its interaction have no significant effect on 
the value of chamfer angle. Therefore, this response can be dropped from the analysis. 
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THE INTEGRATION OF AUTOMATIC AND STATISTICAL PROCESS CONTROL TECHNIQUES: 
A LITERATURE RE~EW 

Karin Kandananond and Gamal Weheba 
Wichita State University 

, ABSTRACT 
. Two major techniques to monitor and reduce variation in manufacturing processes are Statistical Process Control 
(SPC) and Automatic Process Control (APC). SPC has been utilized to monitor and remove assignable causes while 
APC was developed to reduce e_:'pected process variation. This paper represents a review of the recent 
developments made to allow effective integration of these techniques. 

INTRODUCTION 
Statistical process control (SPC) is a procedure which focuses on the process monitoring and control. The main 
purpose of SPC is to separate common causes from assignable causes. The fundamental idea of SPC is built on the 
assumption that processes are in-control and observations. are uncorrelated. However, because of advanced 
measurement technology and shortened sampling interval, •this assumption has been violated in many scenarios 
especially in continuous process industries. While SPC is based on the in-control scheme, Automatic process 
control (APC) was developed to monitor and control processes without regard to the pattern of observed data. For 
APC, frequent adjustment on the process can be done in order to keep the output on the desired target. Taguchi et 
al. (1989) suggested that the uniform quality of products can be achieved by making an adjustment according to the 
information about the processes. The example is the error of a watch which .is a function of time. Since a good and 
poor quality watches can be calibrated .as needed, there is no difference between the quality of these two watches. 
Therefore, quality is not just only a function of design but of the control system as well. Deming ( 1986) introduced 
funnel experiment to demonstrate how adjustment affects process in different scenario. In the experiment, a funnel 
is mounted over a target which is a bull's eye and numbers of marbles have been dropped through a funnel with the 
objective to hit the target. Based on this analogy, Deming had propo·sed four adjustment rules: Rule 1: There is no 
adjustment for the position of the funnel. Rule 2: The deviation has been measured from the target and the point that 
the marble last hits. The funnel will be moved in the opposite direction with the equal distance from its current 
position. Rule 3: A funnel will be moved from a target to the position -that is opposite to the dropping position of a 
marbie. Rule 4: The position of a funnel is relocated to the latest.dropping position of a marble. For rule 1, this is 
equivalent to the process which is in statistical control and SPC is a powerful technique to monitor this type of 
process. For rule 2 and 3, there will be an adjustment every time that the deviation from a target exists. 

If the process is left uncontrolled, output from the process will , be stationary with highly correlated data or non
stationary due to disturbances. This might cause the process mean to wander from the desired target. The difference 
between these two rules is the control action (both rules uses different appr~aches to set the control action) which is 
used to compensate the deviation. Rule 4 is similar to rule 2 and 3 but the adjustment makes the process behaving 
like a random walk model. Control action in rule 2, 3 and 4 is equivalent to the utilization of APC for controlling a 
process mean within the target when there is a deviation in the process (process is not in the status of statistical 
control). MacGregor ( 1990) utilized funnel experiment to explain random errors and disturbances in the process and 
this inspires the idea of integrating . these two techniques together to monitor and control correlated processes. 
Montgomery ( 1992) suggested that SPC is ~quivalent to rule number l of the funnel experiment which requires no 
adjustment to the funnel (the process is still in control) while rule number 2 is to adjust the position ofthe funnel to 
the opposite direction every time that a marble miss the target so this rule has the similar concept to APC. Box and 
Kramer (1992) proposed the idea of using feedback control to compensate disturbances estimated by statistical 
forecasting while SPC has been deployed to monitor the process output after the adjustment in order to detect an 
assignable cause which cannot be compensated by the controller. Montgomery et al. (1994) supported that SPC can 
detect an assignable cause fr9m the output rapidly while APC can effectively keep a process on the target. 

Disturbances Model 
MacGregor (1988) signifies that disturbances can be differentiated into two categories: deterministic disturbances 
and stochastic disturbances. Stochastic disturbances will occur in random and can be stationary or non-stationary 
while deterministic disturbances might be in the form of sudden shift in the mean or ramp change and it can be 
modeled by transfer functions and differential equations. 
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Del Castillo (2002) proposed that stochastic disturbances can be modeled by sto~hastic difference equation models 
introduced by Box-Jenkins (ARIMA) methodology. Different equations have been utilized in order to forecast one
step ahead disturbances according to the characteristics of data: stationary or non-stationary. If the model is 
identified correctly, the sequence of the output error should be white noises with zero mean and constant variance. 
Stochastic difference equation can be categorized by following the stationarity of a data set. Autoregressive model 
of order p: AR (p) is expressed in the form of 

Y' = ¢1Y,_1 + ¢2~-2 + ···· + ¢pY,-p + a, 
and autoregressive moving average: ARMA (p, q) is 

Y, = ¢1Y,-1 + ¢2Y,-2 + .... + t/JPY,-p - 01a,_1 - .... - 0qa,_q +a, 
AR (p) is the regression model with lagged values of dependent variables while· ARMA (p, q) is the mix_ed model 
between autoregressive and moving average. Predicted disturbances will depend on past and current value of 
disturbances as well as past and current values of errors. However, if the disturbance is not stationary, 
autoregressive integrated moving average model, ARIMA (p, d, q) in the form of 

y 1 = ,v:-1 + ••• + tp pY,-p + Y, ~1 + (Y,_1 - Y,_2) + ••• + (Y, ~d...!J - Y,_d) - 01at-1 - ••• - 0qat-q + a, 
will be utilized. ARI MA ( d, p, q) model indicates p order of the autoregressive part, d as the amount of differencing 
and q as the order of moving average part. Integrated moving average, IMA ( 1, 1 ), can be considered as a special 
case of ARI~ (1, 1, l}with f/>= 0. 

Jiang (2004) mentioned that the selection of disturbance model is ~till the extensive discussion among authors. Some 
suggest that the IMA which is a non-stationary model is the best to represent disturbances in the process because of 
its flexibility. However, many authors.still agree to use stationary model such as ARMA to model disturbances. 

MacGregor (1990) applied Deming's funnel experiment to explain that control policy can keep process mean on 
target due to the reduction of uncontrollable disturbances. If observations are correlated and there is a drift from 
mean, the output of process Y, when there is a drifting process mean is 

~ = u,_1 +TJ, +e, 
where u,_1 is the effect of control action, TJ,, is a disturbance and e, is the random error in the process. The 
estimation of disturbances in the process can be modeled by AR (1) model. MacGregor showed that process 
adjustment can reduce the variation due to disturbances. The variance regarding rule· 2 of Deming's experiment is 
small compared to rule 1 whe_n process variables are highly autocorrelated (¢=1) so adjustment can help to keep the 
pro~ess mean on target. 

Box and Kramer ( 1992) suggested that feedback control can adjust the process output by compensating disturbances 
that the deviation from a targ~t after the adjustment is; 

e, = X, + Y, 

where X, , y , are attempted compensation and predicted disturbances respectively. Disturbances can be modeled by 

relying on the stationarity of models. If the disturbance is stationary, autoregressive processes should be appropriate 
to model disturbances. On the contrary, integrate moving average IMA ( 1, 1) J!lOdel is suggested to model non
stationary disturbance. The non-stationary model is utilized to explain drifting behavior of the output from the fixed 
target value when there is no adjustment in the process. 

Montgomery et al. ( 1994) pointed out that the summation of disturb_ance from AR (I) and white noise in the process 
can be replaced by ARMA (1, 1) model in order to estimate the overall disturbance. 

Box, Jenkins, and Reinsel (1994) proposed that control action .X, to cancel out disturbance can be derived in the form 
· of Minimum Mean Square Error (MMSE) · 

X, = f/>X,_1 + (¢- 0)e, 
where e,, f/> and B represent white noise, AR and MA parameter respectively. Another. operation policy to control 
disturbance is the Proportional- Integral (Pl) controller which can provide a control action. 
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Jiang et al. (2000) used a different approach to model disturbances for testing the performance of control charts, 
special cause chart' (SCC) and EWMAST chart of Zhang~ Two different sample sets of data has been selected and 
fitted before choosing the most appropriate model for predicting disturbances. In this case, the result shows that 
ARMA (3, 2) and ARMA (2, 1) are best fitted with the model and these models have been utilized to access the 
·performance of these two charts. 

Nembhard and Mastrangelo (l 998) noted that a shift in the process can occur due to assignable causes ( e.g. 
shutdown, changes in raw materials or equipments) and transient state ( e.g. production switching from one to 
another) which result in abundant loss in the process. Transient phase is manipulated by dynamic behavior of the 
process which causes the output to lag behind input before it reaches the steady state. Dynamic behavior of the 
process can be modeled by deploying continuous state space equations appearing in the classical control theory. 
The integration between SPC and APC provides the opportunity to perform an adjustment which can significantly 
decrease the transient-period length as well as the variation ofprocesses. 

SPC monitoring EPC 
Montgomery et ai. (1994) used Shewhart chart along with Exponentially Weighted Moving Average (EWMA) and 
Cumulative Sum (CUSUM) chart to monitor the· output deviation from the target when there are different sizes of 
shift in the process ·mean. The MMSE controller was used · to compensate disturbances and the performance 
measurement is the average run length and the average squared deviation from the target as measures of 

· performance. 

PM = .!_ f ( Y, - T) 2 

n I =) . 

Based on a simulated study, they concluded that the combination of'SPC and EPC leads to smaller deviation than 
running EPC solely. In this case, Shewhart control chart outperformed EWMA and CUSUM in term of detecting a 
sudden shift especially when a shift size is large. However, when there ·is a trend, EWMA and CUSUM has better 
performance than Shewhart control chart. For the average run length, CUSUM has smaller ARL than that of the 
EWMA and Shewhart charts. Jiang et al. (2000) proposed the ARMA chart to monitor: disturbances in the APC 
controlled system. When a shift size is small (less than .75cra), ARMA chart can detect a mean shift more efficiently 
than EWMA chart. ' . 

Jiang and Tsui (2000) introduced a signal to noise ratio in tran~ient and steady state as 
z z 

Ri = EI__,R; = &_ 
0-z 0-z 

where µr, µ8 and Uz represent process mean level at t = 0, oo and the standard deviation of the charted . statistics, to 
perform an error measurement on SPC monitoring APC. A shift in the mean can be detected rapidly when the 
transient ratio is high (4 or 5). However, detection will be delayed if the transient ratio is less than 3 and steady state 
ratio will show the efficiency in detecting shifts during the steady state. 

Jiang and Tsui (2002) analyzed both the process output (e) and control action (X) under the MMSE and PI control 
policy. If ARMA (l, I) is the chosen model to estin:iate di~turbances, then signal to noise ratios for MMSE 
controller will be 

e Re 11 """"'f' 1· RT=µ, s =µ--
1-0 

R{=µ~,R{=µ ✓:=r 
where · µ is the mean shift pattern. The transient and steady state ratio will depend on the value of ARMA 
parameters and the transient ratio cannot be tuned too high since it will result in low steady state ratio.· These two 
signal-to-noise (SN) ratios are deployed as criteria in the comparison of chart performance for detecting mean shift. 
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In this _scenario~ Jiang and Tsui utilized SN ratios to predict the performance of Shewhart and EWMA chart in order 
to choose the most appropriate chart to monitor processes. 

• I 

Tsung," Wu and Na~ ( 1998) introduced a performance measurement which is cr2 
e / cr2 

a and it is utilized to derive the 
optimal value of ARMA (l, l) and ARIMA (l, l, l) respectively. From a simulation, the result showed that PI 
controiler 'is more robust than P, I and MMSE controllers since it can be operated to achieve ere/ era =I in broader 
operation area (different values of¢ and 0J although disturbances are estimated by ARMA or ARIMA. Moreover, 
they included that the PI controller can still work well when the model of disturbances is misidentified or gain 
values of the process changed. For MMSE controller, they proposed that monitoring the output signal is more 
efficient than control action when ¢ is positive and shift size is large since its transient ratio is high and ARL is 
small. This means that the ability to detect a shift is high but control signal monitoring seems to be a better choice 
when the shift is small (iess than 3 cre)- However, when the value of ¢ is negative, observing the output signal is 
more efficient than the control signal since it has higher signal to nois~ ratio and ARL. For PI controller, if a chart 
cannot detect .a s~ift in the transient state, observing control action will be more capable because it has lower ARL. 

Nembhard (1998) used Simulating Dynamics System: SIMULINK to model first and second order dynamic 
processes with disturbances estiplated by ARMA model. Qynamic processes are modeled by continuous state-space· 
equations which are widely used in control engineering. The SPC and EPC have been integrated in the form of PJ
controller, Shewhart and EWMA chart in order to control and monitor the process. Different performance measures 
have been investigated and include the squared error of the output process, number of adjustments, average 
adjustment and number. of alarms. It was repeated that for first order dynamic process, PI-controller and Shewhart 
chart have better performance than using PI controller or no control policy in the system. 

Nembhard, Mastrangelo and Kao (200 l) studied the consequence of integrating ARIMA modeled disturbances and 
first .order dynamic system by using _SIMULINK program. In this scenario, since the dynamic process has been 
included in the model, the startup or transient and steady state behavior can be taken into consideration. The output 
of process has been monitored by SPC (EWMA chart), EPC and integration between SPC and EPC in order to 
measure the performance of each approach. The result of the simutation shows that deploying EPC policy solely 
can reduce the sum squared error (SSE) significantly but the integration between SPC and EPC can greatly decrease 
the number and magnitude of adjustments. In an economical sense, using SPC and EPC together might outperform 
deploying SPC or EPC alone. 

Economic Model 
Jiang and Tsui (2000) introduced the average quality cost (AQC) to measure the performance of the integrated 
system between SPC and APC.· AQC can be viewed as an alternative measure of ARL since it can capture the run 
length variation and the pattern of a mean shift while ARL is the expected value of the run length distribution. AQC 
is developed by combining the cost incurred during the in-control (L;n, and out-of-control states (L0 u, ,. The in
control cost is ·categorized as loss regarding to Taguchi's loss function and cost due to searching for a false alarm 
(diagnostic cost). Under the AQC scheme, the probability of each mean shift is assigned to its loss function so AQC 
is able to provide more economic information than ARL. Jiang and Tsui utilized autoregressive models, AR (1) and 
ARMA (1, 1), to forecast disturbances while MMSE controller provides the compensation in the process. For SPC, 
Jiang and Tsui selected three types of control charts which are Shewhart, EWMA and Combined EWMA and 
Shewhart (CES) to monitor the process. When AR (l) model is deployed, the result shows . that ARL will be 
proportional to AQC if the diagnostic cost is small. Based upon ARL and AQC criterion, when the shift size (step 
shift = l) is small and the diagno_stic cost is negligible, both criterions agree that E'WMA chart is highly effective in 
detecting a shift. If the step shift is median (2) or large (3) with negligible diagnostic cost, ARL and AQC point out 
that CES is the best chart to detect the shift. However, when the diagnostic cost is large, the value of AQC will 
depend on the cost and will no longer be a direct proportion of ARL. In this case, Shewhart chart is the most 
appropriate chart in the detection according to AQC while ARL signifies that CES is still the most suitable chart 
since ARL does not rely on the cost. Moreover, this scenario explicitly indicates that it might not be economical to 
use only SPC to monitor and control the output since cost due to the diagnostic might be high. When ARMA ( l, 1) 
is used as a disturbance model, the result from ARL and AQC are consistent that EWMA chart is appropriate for 

· small shift while Shewhart is suitable for large shift. 
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Duffuaa et al. (2004) applied Taguchi's loss function in order to make a decision whether the EPC should be 
performed or the process should be left as-is. For the integration, the adjustment cost is compared to the loss due to 
the variability. Cost of an action is calculated based on the manipulation of control variables or EPC process. On 
the contrary, the deviation from target can be detected by SPC and the loss due to variability will be derived. They 
proposed two different economical models when SPC and EPC are integrated. The first model i~ obtained from 
quadratic loss function which comes up with the control limit D. EPC will take an action when a sample mean is 
plotted outside the ·control limit m ± D. Another model is' derived from the variance of the process is 

2 !J.2 C 
V =-

A 
where V, A, C and A are mean square deviation, rework/scrap cost, adjustment cost and ·tolerance of product 
characteristics. If I is greater than (ti!A)*C, then the EPC cost is lower than the cost of quality so it will be 
economical to make an adjustment. When these two models have been compared, the result shows that 
implementing the second model is more costly than the first one. 

Janakiram and Keats (1998) studied the integratjon between SPC and EPC m a powder loading operation for an 
automobile air-bag initiator. In this integration, Shewhart chart ( x and R chart) has been utilized to monitor the 
weight of explosive powder while disturbances (humid,ity) are modeled by autoregressive model ARMA (0, 1, 1) or 
IMA (1, I). Control action is manipulated by the MMSE controller in order to cancel predicted stochas~ic 
disturbance in the form: 

A, I 

X,=--Lei 
. g j=I 

ei=yi ..... T 

where g, A, ½' and Tare gain of the MMSE controller, EWMA parameter, output of the process at time j and target 
respectively. The correlogram of residual from disturbance model shows that all autocorrelation coefficients at 
every lag are not significantly different from zero which means that IMA is the appropriate model to estimate 
disturbances. The performance evaluation shows that the integration between SPC and EPC can monitor and control 
stochastic disturbances effectively. · · · 

Capilla et al. (1999) deployed the integration of SPC and EPC to monitor and control the polymer viscosity by 
considering the temperature of the reactor as a controllable factor. In -this case study, MMSE controller is used to 
adjust the process while disturbances are modeled by AR ( 1) and-ARMA (1, I). Two types of charts, EWMA and 
CUSUM, are utilized in order to detect assignable causes. The performance evaluation based on a simulation show 
that SPC and EPC can reduce the variability of visc~sity while significant disturbances can be detected or 
compensated rapidly. 

Gultekin et al. (2002) proposed the idea of integrating SPC and APC to minimize the output variation of 
continuously stirred tank reactors. In this case, the PI controller is selected to make an adjustment in the process. 
The integration between these two techniques can be categorized into four different phases: disturbances detection 
using SPC, estimation of time of shift and determination of type of the disturbance, estimation of the magnitude of 
the disturbance and process adjustment. For the process model, three types of disturbances, detetminisitic 
disturbance (shift in the process), random input disturbance and random ·output disturbances have been included in 
the model. In the detection phase, Shewhart and CUSUM chart have been utilized to signal the out-of-control status 
when there is a shift in the process mean. The estimated time of shift can be derived from the maximum number of 
observations collected before and after the time of detection which is determined by the cross-correlation of the 
output from parallel processes having all possible lags be~een tjme of shift and time of detection. The estimate of 
disturbance magnitude can be obtained by deploying the maximum likelihood estimator to minimize the mean 
squared error for disturbance identification. By using a simulation, the integration has shown that it can 
dramatically reduce the mean squared error by 81 % compared with utilization of Pl controller alone. 

SUMMARY 
According to the review, the integration between SPC and APC is originated from the idea of Deming and Taguchi 
who proposed different control policies to keep process in control and in target. Deming's funnel experiment 
signifies that tampering with processes will cause more deviation from the target but the underlying assumption is 
that the process has to be in statistical control. However, most industrial processes have to deal with deviation 
which is not random and this can cause the mean process to wander from the target if there is no adjustment. As a 
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result, 'faguchi's loss (unction focusing on the process adjustment is considered a breakthrough for this problem. 
The benefits from these two different perspectives have been integrated with the objective to reduce the variability 
in processes. In order to· reduce the vMiation effectively, many authors proposed different techniques in order to 
predict disturbances which cause the deviation and the most popular model is Box-Jenkins' ARIMA model because 
of its flexibility and the ability to model both stationary and non-stationary processes. Another key component of 
this integration is the ·controllers which play an important role in manipulating the control signal to compensate 
disturbances. Two types of controllers, MMSE and Pl, which are widely used in the industries have been proposed 
by Box and Jenkins to control disturbances. ln stead of using only controllers, SPC is proved to be efficiency in 
detecting.a large shift which is not economical in adjusting. The high performance of these integrated techniques has 
been reflected in terms of errors, average quality cost and average run length. By applying SPC and APC, the 
reduction in the deviation from the target can be greatly enhanced with low cost and rapid detection. However, even 
there are a lot of evidence· supporting the benefits of integrating SPC and APC, limited efforts have been contributed 
to investigate the effect of misspecifying disturbance model, propose the appropriate sequence of imple_mentation 
(APC-SPC vs. SPC-APC), address consequences of false alarms and limit their occurrence and provide economic 
justification. · · 
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WIRELESS PDA DAT A TRANSFER FOR TRUCKING INDUSTRY 

Joshua Isaacson, Robert Austria, Susan Vasana and Daniel Cox 
The University of North Florida 

. ABSTRACT 
_Cargo transaction data previQusly manually processed onto hardcopy forms by a regional trucking security firm is 
enhanced through technological advancement. A field PDA is used ·to transfer data by wireless synchronization. 
The synchronization access point targets the database server during field implementation to rapidly update trucking 
data information. ' 

INTRODUCTION AND PROBLEM STATEMENT 
Jaguar Security [I] is a small, minority-owned, startup company that tracks cargo for trucking companies in the 
Jacksonville area. Small start-up companies such ·as Jaguar Security lack the resources to innovate technologically. · 
The MIP program [2] helps companies such as Jaguar Security make use of valuable resources not otherwise 
available. Furthermore, students gain experience while' working on industry-driven projects with requirements such 
as those proposed by Jaguar Security, Inc. 

Jaguar needs an economical solution for transmittipg cargo data seamlessly to a centralized database from cargo 
sites. The Manufacturing Innovation Partnership of.the University of North Florida has partnered with Jaguar 
Security to develop a technological solution to replace manually processed h~dcopy cargo transaction data forms. 

Written datasheets are time consuming and prone to error because they are, initially manually written down and then 
later manually categorized and filed. This procedure involves the use of heavy amounts of paper which is costly. 
Having all paper-based files creates confusion, misplaced records, and clutter. Cross-1:eferencing records according 
to the driver's name, company, or any of the other pertinent client information collected takes up time as well, and is 
also highly inefficient. 

By modernizing and using current technology, Jaguar is able to save both time and money. The use of computers 
and other electronic devices allows the company to keep ari organ~d database for their recbrds as well as keep 
track of their clients' information. The records are cargo transaction data. The immediate need is to automate all 
data that is on the written data sheet (but can be expanded beyond that). Search queries can be done by devices that 
connect to the database which makes cross-referencing quicker and more efficient. Keeping a database that is 
constantly updated also collects information in a more organized manner. When more time is saved, there are 
opportunities to create more business. Paper use is cut down as a direct result of a computerized system. In order to 
streamline the process Jaguar desires a field use device such as a wireless Personal Digital Assistant (PDA) to enter 
in their cargo transaction data. The informat~on is then electronically transferred to the database. 

INITIAL SOFfWARE CONCEPTS AN:Q CAPABILITIES 
' . 

The initial software design concepts have required TCP/IP capabilities to be able to transfer data over the internet or 
· a wide area network. After an extensive review of most of the PDA database software packages, two of them have 
the required TCP/IP capabilities. The two are Pendragon Forms [3] and Syware's Visual CE [4]. 

Pendragon Forms 5.0 is a Pocket PC/Palm form software that is compatible with Microsoft Access [5]. Forms are 
created on a personal computer using a graphical user interface and are ·then transferred over to a PDA. Advanced 
forms that require programming are written in the form of a script fiie. Although Microsoft decided to let third party 
vendors develop a Pocket Access, many Pocket form software programs appear.bland and ordinary. Pendragon 
forms can be made to look very professional with form designer feature which lets the user add a picture to any 
field. Synchronization can also take place wirelessly using Pendragon's SyncServer. The SyncServer acts as a 
network server that listens to connections from HotSync or from devices using direct network or wireless 
connections. SyncServer is built into Pendragon Forms 5.0. Every time the PDA is synchronized new records are 
uploaded to the database while the PDA is also refreshed with the latest information from the database. Pendragon 
offers many different field types from text to numeric and even has a time/date stamp of when the field is entered. 
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Pendrago_n Forms 5.0 Single user & printed manual is inexpensive with an additional 2-9 user licenses. Also 
economical options are available in 10-24 additional user licenses, or 25-99 additional user licenses. Figure 1 is a 
sample form made for Jaguar Security using Pendragon Forms 5.0. 

Forms s..o ;,.'t ◄x 2:51 ~ 
Security Offcer 

!Lookup ... ! 
Com-pcny Name 

!Lookup ... ! 

!Lookup ... ! 
Tractor Number 

Trailer Number 

).{} 7 B ~ #•/e= ♦ 
A , • • ( . ) 4 5 6 + • • / 
:t:O \I 123 ,l. , ... ➔ 

$ ¢ € £ ¥ ( 0 ) space +--l 

&&t-~ -~ :;Jltl~Jffi ; · 

,·• c.....-c-n "+ ◄ "J.c-~ ! • llUJ"HC,J..v +11 )C £iJL.. 

Benton 
FedEX 
UPS 

Company Na.me 

Figure l Pendragon Forms 5.0 Security Sc~een (Left) / Pendragon Forms Lookup List (Right) 

· Another option is Syware Visual CE which is compatible with all Pock~t PC and Windows CE [6] devices to 
include tablets and specialized hardware. It inc1udes a wide array of scalar functions as well as unique 
programmability (i.e. Macro Programming that can do miscellaneous functions such as automatic time and date 
stamp). If a table or form is already made and is larger than the handheld device can display legibly, then 
navigational buttons are placed to separate the form into regions. This allows the user to run through as a map and 
modify the actual form without compromising the ability to read the form. If the user decides to create a unique 
field entry form for handheld use, there are many capabilities and commands that this software provides depending 
upon how the user customizes the· application. Combined with the use of mEnable, this software enables access and 
the ability to modify and move files between a handheld device and a server. Visual CE is also inexpensive for the 
software with an additional 10 mEnable runtime licenses plus a free mEnable SOK (software development kit), or 1 
single user license ofmEnable plus a free mEnable SDK. 

For Syware, the price for initially purchasing enough software for 10 operators is less economical than 10 operators 
for_ Pendragon even though Visual CE bundles their software in licenses of ten. A comparison is seen in the graph in 
Figure 2 with the option of purchasing extra licenses. For Jaguar, a company primarily securing cargo in downtown 
Jacksonville, a cost analysis showed it to be more efficient to go with Pendragon Forms. Even with the special ten 
license price, Visual CE is proved to be more expensive then Pendragon Forms 5.0. 
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Pendragon vs Visual CE 

-Pendragon 
-Visual CE 

N11mbe1 of Licenses 

Figure 2 Software as a Function of Number of Licenses 

INITIAL NETWORK INFASTRUCTURE CONCEPTS 
A wide area network solution is needed to send the inforination

1

from the PDA to the home office server. Technical 
solutions to attain the goal have been analyzed. Onewas using a local company that offers wireless internet access 
for business in Jacksonville using high powered antennas. The second option is to use a cell phone tower powered 
internet service provider to deliver the data from the field to the home office. The final option, which has been · 
ultimately chosen, is to use dial-up internet access·t~ transfer the data. 

Joytel [7] is a wireless internet service provider that operates from a building in downtown Jacksonville. Their 
service area includes all of the downtown area. Their solution includes a static Internet Protocol address for the 
home office. This gives the home office an internet address which allows the PDA to access the office computer via 
the internet. Also an antenna is needed to mount on top of Jaguar Security's office building to enable 
communication to the downtown building. An antenna is also require4 at the cargo terminal which will provide the 
PDA with internet access. This solution is expensive with each terminal having to buy a separate antenna to send 
the transaction information to Joytel. Although this solution transmits data faster than is suited for this project each 
ten:ninal must have a line of sight with the building downtown. · 

Clearwire [8] wireless broadband internet service gives users wireless internet access from cell phone towers. The 
advantage of using Clearwire is that there are nQ hardwire .connections to the internet. You can be virtually 
anywhere and receive an internet connection as long as you are in range with one of their cell phone towers. 
Clearwire requires a modem that communicates with the· cell phone towers. These modems are then connected to a 
Wi-Fi router that would send the wireless signal to the PDA. The maximum service plan has a bandwidth that is 
rated at 1.5Mbps which is comparable to cable modem and DSL. Jaguar is sending small amounts of data so the 
plan that has a maximum speed of 128kbps is the most economical clearwire plan for this solution. The 
disadvantage of Clearwire for this application is that it is not available immediately for this project and their home 
office and terminals are just out of Clearwire's service rm:ige. 

This is also a simple, well proven solution. The dial-up solution for this project is favorable because of the 
economic requirements and client needs for this project. The dial-up solution works by having a Personal Computer 
(PC) at each security terminal having a dial-up internet service provider. The PC also has a hub and a wireless 
access point installed so it can communicate with the PDA. A proxy server is installed on the PC and will let the 
PDA pass directly through to the internet where it can send information to the home office. The home office server 
has an internet service provider and the information from the PD As in the field is sent directly to the home office's 
static IP address. 

Table 1 shows a comparison analysis of the solutions. The cost descriptor is on a relative scale of low, medium, and 
high for the different service providers. The analysis helped to determine that the dial-up solution is suited best for 
the needs of Jaguar Security. Raw cost data have been used in the determination of the network infrastructure. 
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Table l Cost Analysis Network Infrastructure 
Soluun Hardware Software J:aitial Renrrinc Pres C.ns 

Cons Costs , 
Joyt~l Antenna's Pendragon High- High Company is Expe11Sive 

foreech or Visual Installation Momhly based 
building CE Antennas smscripion within Data 

fee Jacksonville trallsrrossion 
is faster 

Static IP Secure than needed . ., 
Address connection 

Mmthave 
24hr/day line of sight 
monitorirlg -withMoclis 
&tech building 
supporl downtown 

CJe~ Modem Pendragon Low Medium Low initial Service may 
or Visual Activation · Momhly start-'¥) fees be limited 
CE Subscription within the 

fee Cost w .. Beav.ez. 
effective St.Am 

Modem 
Lease 24hr/day 

tech suppo:d 
Stall: IP 
Address Secure 

Connection 

Dial-Up . Modem Pendragon Low Low Secure Have to 
Or Visual Modem 

.. 
Connection coontinate 

CE Momhly with owners 
subscription Low Cost of sites to 
fee haveen 

Fast erough openpho:n.e 
for database line 
information 

SOFTWARE AND INFRASTRUCTURE SOLUTION 

The software and infrastructure solution selected for this project is to use dial-up internet access in conjunction with 
Pendragon forms to create a database system suitable for an of Jaguar Security's cargo transaction's requirements. 
At the terminal site, security officers enter in cargo data into the PDA form created by the Pendragon Software. 
Pendragon software then sends the information to the proxy server insta11ed on the personal computer at the terminal 
site vi~ the wireless access point and hub. The proxy server then tunnels the information to the sta~ic IP address of 
the home office through the internet via the dial-up internet service. The home office receives-the information via 
SyncServer and distributes it to a Microsoft access database. 

The software that is used to send the information from is Pendragon forms and FreeProxy. Pendragon Forms is the 
main program that is installed on the Wireless PDA and the Home Office PC while Free Proxy is installed on each 
terminal PC. Pendragon Forms on the PDA simply contains the security form that the security officer enters in 
information. The software also sends the information over a Local Area Network through its TCP/IP protocol. 
When the information is entered into the terminal computer, FreeProxy then tunnels the information over the 

· internet fo the static IP address of the home office. Pendragon Forms SyncServer at the home office then receives 
the information and distributes it to an Access database [5J. From the home office computer, search queries and 
repo~ can easily be printed out at the customer's demand for the day, week, or month or years activity using 
features of the Access database program. A sample customer security report is shown below in Figure 3. 
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Figure 3 Sample Security Report for a Single Entry 

The .hardware infrastructure for this solution at the terminal site requires a Wi-Fi capable PDA, a Wireless Access 
Point, a network hub, a personal computer, and a modem to connect-to the internet as shown in Figure 4. The 
wireless access point is a device that lets a non-wireless local area network communicate with a wireless device. It 
is connected directly to an Ethernet hub through Category 5 (Cat-5) network cables. The Ethernet hub is an 
interface that allows multiple devices to be connected to the local area network. The personal computer is connected 
to the local area network via the hub and the PDA is connected to the local area network through the wireless access 
point. If a dial-up internet service provider cannot be established at the terminal, a mobile laptop with Verizon's 
wireless internet service can be used to transfer the~data from the PDA to the home office over the internet. The 
home office hardware simply consists of a router connected to the intern.et and a database server. 
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Figure 4 Network Infrastructure 

INFRASTRUCTURE COMPONENTS 

Router 

The individual hardware and software components are listed in Tables 2 and 3. Jaguar currently has ten c1ients for 
which it tracks cargo at various sites in the downtown Jacksonville area. The cost of the solution as a function of the 
number of terminals is shown in Figure 5. 

Cost Analysis (Per TerminaQ 

0 5 10 

# of Terminals 

15 

- Cost Analysis (Per 
Terminal) 

Figure 5 Cost of Solution as a Function of Components · 
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T bl 2C a e omponents an o e o ar ware dMdl fH d 
Component Model 

Terminal PC Dell Dimension B 110 
Intel Celeron 2.53 Ghz 

Modem Dell V.92 PCI Data/Fax 

Hub · Linksys EtherFast 8-port 10/100 
Hub 

Wireless Access Point Linksys Dual-Band Wireless 
Access Point 

Wireless PDA Dell Axim X30 

Database Server PC Dell Dimension B 110 
Intel Celeron 2.53 Ghz 

T bl 3S fi a e o tware C omponents 
Component Model 
Forms Software Pendragon Forms 5.0 w/ 

SyncServer 
Additional User License Pendragon 

CONCLUSION 
Currently implementation is underway. One recommendation to Jaguar is to have an information security firm 
consulted to ensure the data can be passed safely through each of the different network components. Once the 
security hazards are identified then the implementation is secure. Currently Jaguar Security is negotiating with their 
clients to ensure an internet connection can be established at each of their sites. Current delays are that most of their 
sites run off of digital phone systems and an analog phone line must be available to dial-up an internet service 
provider. Also, if the client already has internet'access, their internet facilities may be replaced for the dial-up 
internet service provider. 

With the software and infrastructure solution discussed in this paper, Jaguar Security now has 21 st century 
technology available to keep up with their customer' s demand for fast and d~tailed reports. This technology enables 
Jaguar to keep up with the competition and use their resources more efficiently and expand their client base. 
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OPTIMIZING J.:.TIER SUPPLY CHAIN MANAGEMENT MODELS USING ARENA AND VBA 

Michelle Ross, LuK LLC 
Zacharey Hyde, Walt Disney World 

Kenneth Morrison, Kettering University 

ABSTRACT 
Contemporary discrete parts .manufacturing organizations involve Supply Chain Management. This paper presents 
the design of a 3-tier enterprise structure using ARENA software· to simulate, animate, and optimize the problem 
with seven customers, three warehouses, and one manufacturer. The ARENA model was originally created to 
investigate the real inventory patterns between tiers. The ARENA model achieved optimization using only one key 
parameter. Graphical outputs reinforce the parameter values for . system optimization, in addition to challenging 
contemporary notions of inter-tier inventory patterns. 

. INTRODUCTION 
The modem global economic structure has placed a tremendous amount of pressure on companies to embrace the 
principles of supply chain management. In the intetest of properly preparing students for the workforce, this 
pressure has also been felt within the academic arena. The . Industrial Engineering Department at Kettering 
University is no different, and so it is only natural that this paper focuses on the advantages and disadvantages of 
applying simulation to supply-chain management.. However, this is not a topic that is new to Kettering University 
since the second co-author has previously submitted three papers to previous IEMS conferences (1, 2, 3) with seven 
student co-authors and two faculty co-authors. · 

The focus of this project was to use the ARENA simulation/animation tool, to solve a reasonably large SCM 
problem with an eye toward optimizing the objective function shown in Figure 1. In addition there was a desire to 
utilize the existing link between Excel and ARENA to implement an easy to use contrQl sheet. 

Minimize: 

Store mvenuiry Warehouse Manufacturet 
Cost InventoryCost lnventoiy Cost 

Where: 
i (1,3) ~ Warehouses 
i(4,10)~ Stores 
xi~ Reorder Quantity 
yi~ Customer Demand 
zi~ Reorder Point 
g() ~ Demand from Stores 
q() ~ Demand from Warehouses 

StoteOrdeJ 
Cost 

Wvehouse 
OrduCost 

Figure I. Objective Function for Three-tier SCM Problem 

THE MODEL 

Shostage 
Cost 

While the goals of optimization in SCM are theoretically easy, to understand; in reality they can sometimes be 
hidden due to the complex relationships that can exist between the various levels of the supply-chain.. While the 
objective function shown in Figure I does detail a non-linear optimization problem with the goal of minimizing the 
total cost, this relates only to a specific situation in the real world. This situation is where one enterprise controls all 
of the components of the supply-chain. In this case the goal of optimizing the total cost of the supply-chain makes 
sense. 

In today's world it is more likely that a situation in which the tiers are optimized separately would occur. Rarely 
does a company own its entire supply chain, and we often find a situation in which the idea of 'look out for number 
one' has become the norm. However, the issues and peculiarities that develop from this type of sub-optimization 
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really des~rve a level of attention that cannot be properly obtained with this project, and so we have decided to focus 
exclusively on the former rather than the latter type of supply chain. 

Figure 2 below shows the relationships between stores (i.e., level I independent demand), warehouses, and the 
manufacturer. 

Figure 2. Structure of the Three-tier SCM Problem 

The demand for products at the store level is independent and assumed to be exponentially distributed, with the 
means found in Figure 3 below. 

Store Hourly Demand Hours ()pen 
I 1.75 9am-9pm 
2 2.0 9am-9pm 
3 1.0 9am-9pm 
4 2.5 9am-9pm 
5 2.5 9am-9pm 
6 1.75 9am-9pm 
7 1.0 9am-9pm 

Figure 3. Store Demand Patterns 

Structure for the ARENA Model 
The ARENA model used in this analysis is designed to simulate the supply chain found in Figure 2. It is a three tier 
·system with one factory, three warehouses, and seven stores. We chose this type of model with the intent of creating 
a model with the highest level of realism possible, and as · you will see in the information that follows, I think we 
were fairly successful in that endeavor. 
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The Store Model 
Figure 3 shows the store level ARENA model structure. The top level of blocks (labeled as Store Demand I) is 
related to the reorder decision while the second level of blocks (labeled as Store Replenish I) is related to the receipt 
of material from the warehouse. 

Stoe Repensh 1 

L .L.1a 
1
r===EJ2 EJ n N•l:I•-

~ - ,: ~II -- ~TIN - ~, == 1-----' 

-----.-----lr=l 
L--.1, 1 

2 I 

Figure 4. ARENA Model for Typical Store 

The Warehouse Model 
Figure 4 shows the ARENA model structure for the warehouse level. This level is very similar to the Store model, 
where the top level of blocks (labeled as Warehouse Orders I) are related to the reorder decision, and the second 
level of blocks (labeled as Warehouse Receiving I) are related to the receipt of material from the Manufacturer. 

mu 
i,~~l 

W-'-~I 

~;i:=: l-,Et-· .::.. r=;,;i,-r~ -r~ •. .____, c=J 
I I 

c=t__~~~~_.•c Jr=:-1 e-=r ~ l:::J t=._ti .. 
'" 

Figure 5. ARENA Model for Typical Warehouse 
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The Manufacturer Model 
Figure 5 ·shows the ARENA model structure for the Manufacturer level. Unlike the two lower levels, there are no 
blocks related to the reorder decision. The three station blocks on the left (labeled MFG Receiving) are for reorder 
requests from the three warehouses; and the three route blocks on the right are for shipping material to those 
warehouses. 

~ 
~ -

Putting It Together 

. ~I~ ( 
Eh _ _r=:i /"_::.._,;:-~ ·. - 11iEl t--;1- V ~ 

...__ _______ .... I -, ·-~➔±; . 

Figure 6. ARENA Model for Manufacturer 

Figure 7 bellows shows· the model in its entirety. While simulatrons provide a high level of reliability and 
confidence with the results, the trade-off is the level of complexity involved in their creation and debugging. The 
real question in any supply-chain optimization problem is not whether a model should be used, but if the time 
investment required to create a model can be truly justified. 

Figure 7. Complete ARENA Model 

Reading the data 
Figure 8 shows the input data for the problem as it exists in an Excel spreadsheet. A description of reading Excel 
spreadsheet data into ARENA was presented in an earlier paper at this conference ( ... Have to look it up ... 2004, I 
think) so it will not be repeated here. Also "Simulation With ARENA"(4) and Marvin Seppanen's book (5) 
describes the process. 
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Figure 8. Excel Spreadsheet for Input Values 

Figure 9 shows the Readiwrite blocks to accomplish the reading of the input data from the Figure 7 spreadsheet. 
The Excel spreadsheet allows for easy variable manipulation on the part of the analyst. In addition, if this model 
were being used in an application, then applying a spreadsheet input/output is more practical than manually 
modifying the parameters inside of ARENA itself. 

Read In Values from Excel 

I C. rta 
Pta!Datl 

, ... ,o, .... ~-Q .... . ... 
Hhl 

hltl'IQJ ' 

Figure 9. ARENA Read/write Blocks 

Creating the animation _ 

n ·- . . -- .. 
I hall 
I 3'01118• ! Cat i 

..,..., I 

Details of creating an ARENA animation are were described in "Simulation With ARENA"(4), and will not be 
repeated here. However, we will go as far as to say that the animations with this project were designed to be simple 
and logically easy to understand and interpret. 

Figure 10 shows a snapshot of the model run with its animations. As you can see, each level is labeled with a chart 
detaiiing its current and historical inventory levels. This allows the analyst to easily interpret the model's 
performance in real time. In addition, the movement of parts· and requests from the upper tiers to the lower tiers are 
animated. 

Creating the optimization 
OptQuest is the optimization tool supplied with 'the ARENA package. Again, details of its use are well described in 
the paper "Simulation With ARENA"(4), and so there is no need to repeat the specific process required to apply an 
OptQuest optimization within this paper. 

Figure 11 shows the various iterations that OptQuest went through in se~ching for the optimized answer. After 
passing through 49 different possibilities, OptQuest was able to reduce our overall system cost from approximately 
$97,000 to $60,000. This equates to a 39% reduction in total cost. 
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Figure I 0. ARENA Animation Snapshot 

Figure 11. Improvement in Total Cost from OptQuest 

ANALYSIS OF RESULTS 
Costs 
As with most situations in the world of today, the success or failure of a project, on its· simple·st level, is integrated 
with its impact on the bottom line.- So, in properly discussing the effectiveness of this project, it is important to steer 
ourselves in this direction as well. Figure 12 below shows the distribution of the costs in the optimized solution. 

As you can see from the figure, the majority of the costs that resulted from the simulation lie in the inventory stock
out. While we are not entirely sure what would drive the costs to be so unbalanced, it does make sense that the 
stock-out cost would be the highest. A stock-out occurs due almost entirely to the variability of the demand 
patterns, and the only way to combat this occurrence is to increase the reorder points and thus increase the inventory . 
costs as a result. · 
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Figure 12: Optimized Solution Cost.Distribution Bar Chart 

Optimization Results . 
Looking past the monetary results and at the actual optimized solution, we can see that the variability among the 
reorder quantities is greater in the final optimized solution than for those in the original. Figure 14 shows these 
results. · 

Simulation a Store 1 Q Store 2 a Store 3 a Store 4 Q Store 5 Q Store 6 a Store 7 QWare.1 QWare2 a Ware 3 
1 60 72 50 80 72 62 52 80 75 65 
2 51 51 51 51 51 51 51 63 63 63 

21 51 72 51 51 72 51 51 80 63 63 
39 54 56 35 51 43 34 52 63 68 64 

Best: 49 49 68 41 76 63 55 36 75 68 58 

Figm:e 13: Optimized Solution 

This higher amount of variability corresponds with the differences in customer demand experienced at each of the 
stores, and so the results obtained through OptQuest can be jus~ified. 

Discussion of Inventory Patterns 
Most traditional work surrounding supply chains has revolved around the idea of a triangular or saw-tooth inventory 
pattern. This indicates that an entity at the store~ level would receive a shipment, sell its products at a constant 
demand, and repeat. Figure 15 shows an example of this type of pattern. 

Order Received 

l SeHing 

I 

Figure 14: Store Level expected inventory pattern 
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At the m~nufacturer level, we would traditionally expect to see a saw-tooth pattern in the opposite direction. 
Inventory would stay at a m_ore or less constant level until the order comes in. Then production would increase the 
inventory until it reaches a certain point and a shipment is sent that :r;educes the inventory back to its constant lower 
level. Figure 16 shows an example of this type of pattern. 

At Reorder Point 

i 
Production 

~ 

Figure 1_5: Manufacturer Level Expected Inventory Pattern 

However, when:we examine the results of our simulation, it becomes apparent that it does not follow this traditional 
thinking. The inventory patterns for our simulation can be found in Figure 17 below. 

Store Level 
Tier3 

-Warehouse Level 
Tier2 

Figure 16: Model Inventory Patterns 

Factory Level 
Tier 1 

While at first glance these patterns might not seem to make much sense, in reality they serve as a reminder of the 
complexity involved in supply-chain optimization. The store level is as we would expect with some slight variation 
because it is serving its products at a constant demand rate. The warehouse level represents what essentially 
amounts to a binary function either having an inventory or not. This is the case because in our model, as in real life, 
the warehouse is essentially just a holding location and does not generally perform any kind of complex process on 
the product at hand. 

The real differences arise when we compare the manufacturer level (Tier 1) with the expected outcome. While the 
traditional Tier 1 inventory pattern is a smooth saw-tooth pattern, our inventory pattern is very jagged and seemingly 
without a-set pattern. This is due to the complex nature of the supply-chain problem. While a manufacturer that is 
only serving one customer might follow the traditional thinking, as soon as multiple customers are introduced this 
thinking is no longer accurate. 

CONCLUSIONS 
If this paper serves to showcase anything, it is that supply-chain problems are very complex, and that traditional 
assumptions are merely that, assumptions. As soon as a supply-chain ceases to be a single-server-system, the 
interplay between the variability of the factors involved in the problem creates results that cannot easily be pre
determined. Thus, while traditional thinking can serve to provide directional information, ·it becomes imperative 
that a simulation be used in anything requiring a higher level of assuredness. The real issue with this type of work is 
balancing the time and cost of creating a simulation with the needs and requirements of the particular project at 
hand. 
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A METHODOLOGY FOR REALLY TEACHING QUANTITATIVE SUBJECTS 

Kenneth Morrison, Petros Gheresus, and Matthew Sanders 
Kettering University 

ABSTRACT 
This paper presents a teaching template for effectively teaching l) lecture, 2) homework assignments, and 3) 

. assessment for quantitative material on-line, using BlackBoard. Using a 2-digit student code, each student has 
his/her own unique problem values and solutions for homework and exams. The numerical values and student codes 
are quickly changed for the exam. Solutions are available immediately after the homework is due or the exam 
completed. Pedagogically, emphasis on problem solution shift to the process of solution, not on the numbers. This 
approach disables the advantage afforded students by cribs, email, and cell phones. 

THE SIMPLEST CASE 
Suppose a professor wants to give her students a homework question on the relationship between operation tin1e and 
throughput, and decides to put a simple ,question: 

"Given that a part has an operation time of __ minutes, how many parts will be produced in an 8-hour 
day?" 

She decides that since she has only 5 students, she should have 5 versions of the operation time. She decides to use 
12, 15, 20, 30, and 45 minutes for the 5 students. 

The professor creates an Excel spreadsheet as shown in Figure 1. 

A i 

B ! C D I . E F 
! 

G H 1 !· . ! 
' 

· 1 
.. 

2 Version 1 
. 3 

. . 

4 Given that a pa~ has an operation time of 12 minutes, 
5 how many parts will ~ produ<?:ed in an 8-hour day? 
6 

r--- .. 

Figure 1. Partial Excel Spreadsheet for Simple Question with 5 Options 

Then she creates a simple table showing the values for each of the 5. versions on the next worksheet, as shown in 

Figure 2. -1--...., -~-~-_-~====:;=.=.;;.;.;==~;----=---..:,-r"1" 
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Next she ~reates a lookup table from the values in Figure 2 by highlighting the table (including the labels) in cells 
M2 to N7. Then she goes to Tools - Lookup, and the Lookup Wizard appears. Figure 3 shows step 3 of the wizard, 
where she selects to. copy just the formula to a single cell. 

Lookup Wizard - Step 3 of 4 , __ :: ~ ~., 

Figure 3. Step 3 of the Lookup Wizard 

NOTE: If the column label, in this case, "optime" is shown in the Step 3 display, no further processing will be 
required, but this detail will be discussed_ later in the paper. Figure 4 shows that the "single cell" chosen for the 
formula to appear is in fact cell G4, which, as shown in Figure 1, is the cell where the operation time value is to 

• appear. 

She needs to do one more step. She clicks on cell G4 (Figure 1) to tell the lookup table where to find the row index. 
The following statement would appear: 

=INDEX($M$2:$N$7, MATCH( 1,$M$2:$M$7,), MA TCH("optime" ,$M$2:$~$2,)) 

The row index is the first value in the first MATCH statement, which is a 1. She changed the 1 to point to cell C2 
(Figure 1 ), where the version number resides. The new statement in cell G4 is then: 

=INDEX($M$2:$N$7, MATCH(C2,$M$2:$M$7,), MA TCH("optime" ,$M$2:$N$2,)) 
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Granted, this professor· had already performed some vital required steps ·to accomplish the task of unique homework 
assignment, such as: 

I. Used an Excel spreadsheet, not a WORD document, for the question 
2. Created a cell for the version number or student number ( cell CI in Figure I), which will be the row index 

for the lo~kup table · 
3. Inserted the variable value for the operation time into the text of the question (cell G4 in Figure l) and 

made it look natural, and 
-4. Put the '~secret stuff'' behind the problem on a separate worksheet, so those columns could later be "hidden" 

from student view. · 

The remainder of this paper wilJ discuss extensions of this formulation into 3 dimensions, namely: 

• Adding More Variables 
• Adding More Versions 
• Some Practical Mechanics (Solutions, etc.) 

Figure 5 shows these dimensions graphically. Adding more variables involves more complicated problems. More 
versions mean biggest class sizes. Practical mechanics are tips for organizing the worksheets and spreadsheets, plus 
generating solution tables easily. 

I Professor Copy I 

1111111111111_ 

,--

I Versions 
I 

I Student Copy I I· ~1 
Variables· 

~' 

~ Variables 

dern lR Number 

Versions 

Figure 5. Dimensions of Added Complexities 

ADDING MORE VARIABLES 
Suppose our hypothetical professor modified her original problem to add employee relief time, as shown in Figure 

' 6? 

A B C o. I E I F G i H 

Version 1 

Given that a part has an operation time 12 minutes, 
a. How many· parts will be produced in an 8-hour day? 
b. How many pc:1rts _would be produced if_the workers are 

given 35 minutes of relief in the 8 hours? 

Figure 6. Partial Excel Spreadsheet for Modified Question with 5 Options 
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Now there·are 2 variables in the question. There are several different ways to take this extension, but the authors 
suggest the following as most practical. We suggest that you simply add a column to the lookup table, as shown in 
Figure 7. · 

·version : optime --------~~I~!Ji!!!~-
1l 121 35 
2! 15: 28 
----

3 201 40! 
------------ -----~ --· ----- -----

_ .'.!l ___________ 3_Q L__ 50 
5; 451 45 

·Figure 7. Partial Excel Spreadsheet for 2'Variables, Each with 5 Values 

It is obvious at this point that we will construct a lookup table with the additional column added. But now the alert 
reader will be on the edge of his/her seat, waiting to see what will happen to the first variable. After all, it was built 
using cells M2 to N7, and now the new table will be M2 to 07. Will the logic for the optime still work, or will we 
have to rebuild the logic to include the relief time? Well, the answer is that if the lookup is done as shown in Figure 
7, the l~okups for both variables will work just fine. 

Figure 8. Step 2 of the Lookup Wizard, with 2 Variables 

One comment is worth noting for-the lookup table wizard for the second variable. Where there is more than one 
po~sible lookup column involved, it is worthwhile to do as shown in Figure 8 for step 2 of the lookup table wizard. 

That is, the logic for cell C7 should point to the column "relief time", rather than the default. If that fix is not done as 
in the Figure 4 Step 2, the logic in cell C7 may need modification, but whatever, the logic when it is done should 
say: 

=INDEX($M$2:$0$7, MA TCH(C2,$M$2:$M$7,), MA TCH("relief time" ,$M$2:$0$2,)) 

The row index is found in cell C2, and the column is the relief time. 

When this is done as shown in Figure 7, there would however be a serious problem. That- is, as it is defmed this 
way, there would only be five versions of the problem, where 
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version I has optime equal to 12, and relief time equal to 35 
version 2 has optime equal to 15, and relief time equal to 28 
version 3 has optime equal to 20, and relief time equal to 40 
version 4 has optime equal to 30, and relief time equal to 50, and 
version 5 has optime equal to 45, and relief time equal to 45. 
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That is, the operation times and relief are linked together 'as a couplet. That just is not good enough. The next 
section presents how a slight modification to the problem as formulated changes the situation from 5 versions to 42 

. versions (and when more variables are added, the number of versions quickly reaches hundreds). 

ADDING MORE VERSIONS 
Now suppose our mythical prot"essor wants to use her operation time/relief time problem to handle a class size of30 
students. Of course she could extend the variable lists to 30, but then the operation times and relief times would still 
be coupled together. The authors have found a better solution during the past several months. 

The idea is this: If the student number is translated to row number using modulus arithmetic, three good things 
happen, namely: 

• The variable index lists get shorter, 
• The variables can be uncoupled, and 
• The number of combinations of problems· multiplies. 

Modulus arithmetic, of course, is a procedure where an integer is divided by a base value integer, and the remainder 
is noted. So for modulus 5, 

1 modulo 5 is I 
2 modulo 5 is 2 
3 modulo 5 is 3 
4 modulo 5 is 4 
5 modulo 5 is 0 
6 modulo 5 is I 

9 modulo 5 is 4 
IO modulo 5 is 0, etc. 

For reasons that will become clear very soon, let us make the index for the operation times modulo 7, and the index 
for the relief times modulo 6., Figure 9 shows the 2 modulus values, and the values for student number (i.e., 25 mod 
7 is 4, and 25 mod 6 is I). 

l 
- I 

·-
Modulus 7 6 

··--

Index · 4 1 
version optime relief time 

0 12 35 
1 15 28 
2 20 40 
3 30 50 
4 45 45 
5 42 36 
6 38 

Figure 9. Table of Row Indices, Using Modulus Arithmetic with 2 Variables 
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The logic in cell G4 is . 

=INDEX($M$4:$O$1 l, MATCH(N3,$M$4:$M$1 l,), MATCH("optime",$M$4:$O$4,)) 

whichis exactly the same as it was previously, except that the index C2 is replaced by N3. That is, the student 
number is replaced by the· modulo of the student number. Similarly, the logic in cell C7 is now 

=INDEX($M$4:$O$1 l, MATCH(O3,$M$4:$M$1 l,), MATCH("relieftime",$M$4:$O$4,)) 

Here again, the index C2 is replaced by 03 . Again, the student number is replaced by the modulo of the student 
number. 

Figure 10 displays how the row index values and the lookup values are changed from student 1 through student 30. 
It clearly demonstrates how these 7 values for operation times, plus the 6 values for the relief time are translated into 
a maximum of 7 times 6, or 42 unique problem values. 

,· ·" ( ~ . t ,t. ,r,. , :;; . 1~, , , - ft ·'\·T· ·'A ,.-:- •·'--' _ ._ , , Sf •·sc: • , • .,, .. ,. • l .. 
I I -- ,_;. __ "'·---- ~--•--'-- :--

optimc relief ' I ---------~ 1 -,cli<:f time ~ -St1Jdcrat Nie iradex time ootime -
nit . · 1 1 1 15 28 I 

I 
' . 

2 2 2 20 40 I 
I -

3 3 3 30 50 ; 
-

4 4 4 45 45 I 
I 

~ 

, 5 5 5 42 36 I 
I -6 6 0 38 35 I 
I 

~ 

7 0 1 12 .. 28 ; 
--

8 1 2 15 40 ~ -s · 2 3 20 50 I 
I - ~ -

10 3 4 30 45 I 
I - - • -11 4 5 45 36 I - ' -

12 5 0 42 35 ~ ' -13 · 6 1 38 28 ; - -
14 0 2 12 40 ~ - -
15 1 3 15 50 I 

I . ~ -i 16 2 4 20 45 I -
17 3 5 30 36 I 

I - ~ -
18 4 0 45 35 I 

I - -
1S 5 1 42 28 ; - ,- -20 6 2 38 40 ~ -
21 0 3 12 50 I 

I - -
22 1 4 15 45 ,. 

I 
~ 

23 - 2 5 20 36 ; 
24 3 0 30 35 ~ - _, -
25 4 1 45 28 I 

I - -
26 5 2 42 40 I 

I - - -
27 6 3 38 50 ; 

·- ~ -28 0 4 12 45 I 
I - --I 2S 1 5 15 36 I 

,_ -
30 2 0 20 35 I 

I ~-. -J 

Figure 10. Student Numbers 1 to 30 Optunes and Rehef Tunes 
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SOME PRACTICAL MECHANICS (SOLUTIONS, ETC.) 
When the authors sat down to write this paper, we intended to document the current thinking of creating unique 
homework assignments at the Kettering University's Industrial and Manufacturing Engineering Department. Much 
improvement had been accomplished during the tenn, but we also felt there were still several improvements 
possible. Each improvement led to an improved product, and finally the result was the procedures described in this 
paper. Quite frank~y, we are thrilled with the final product documented here. These procedures can be learned in an 
hour's time, and assignment preparation time was cut from 8 to 10 hours to one hour. We would simply like to make 
some fina,l brief comments. 

One of the problems with the first formulation is that complicated ''IF" statements were used for the modulo 
calculations. Since Excel f'IF" statements are limited to 7 levels, we limited the process to modulo 7 or less. The 
present formulation has no sucli limit, so you could use, say, modulo 13 now, if you pleased. 

The difference between a variable with modulo 7 versus one with modulo 13 is that there will be six more rows in 
the second case. Our homework assignments (and therefore exams) typically have about six variables per problem. 
Since this design only adds one column per variable, moving from two variables with a maximum of modulo 7 to six 
variables with a maximum of modulo 1? makes an ast~undin~ difference. Suppose 

variable 1 is modulo 13 
variable .2 is modulo 12 
variable 3 is modulo 11 
variable 4 is modulo 10 
variable 5 is modulo 9, and 
variable 6 is modulo 8, 

then there would be 13 time 12 time 11 times 10 times 9 times 8, or 1,235,520 combinations, all from an array of7 
columns by 13 rows. We think that is spectacular. 

One other piece of mechanics is worthy of note. Earlier efforts to create unique exams resulted in many copies of 
the exams, individually printed, one copy for each student, which was a bother during grading time. With this new 
des·ign, there is only one copy of the Excel needed for a given exam or homework assignment needed, and it is 
stored on BlackBoard as an Excel file. That Excel spreadsheet serves as a template with chameleon characteristics. 
When each student enters his/her student number, the spreadsheet instantly automatically displays the values for all 
the questions, tailored to that student. The same' Excel spreadsheet can be used in a class lecture when discussing 
the homework assignment or exam. If a student says, "My numbers made the problem really hard to .solve.", the 
professor can enter the student's number, display the exact problem the student was presented with, and reasonable 
discussions are possible as part of the lecture, in class discussion. The assignments and exams can easily be given in 
a .distance learning environment, using BlackBoard and emails. The Kettering faculty use this template, and are 
finding more benefits daily. · 

SUMMARY 
This paper has presented a teaching template for effectively teaching 1) lecture, 2) homework assignments, and 3) 
assessment for quantitative material on-line, using BlackBoard. We described how each student has his/her own 
unique problem values and solutions for homework and exams, using a student code. The numerical values and 
student codes are quickly changed for the exam. Solutions are available immediately after the homework is due or 
the exam completed. This design shows great promise as a useful tool to more effectively teach quantitative 
material. · · 
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USING VBA TECHNIQUES TO TEACH COMPLEX SUBJECT MATTER 

Kenneth Morrison, Kettering University (formerly GMI) 
Jonathon Craighead, UPS 

Christina Ratcl_iffe and Ari Greenwald, General Motors Corporation 

ABSTRACT 
. Traditionally, certain Industrial Engineering subject matter has been difficult to teach due to complex content. This 

paper addresses three such subjects, namely aggregate planning linear programming formulations, decision trees and 
machine assignments. Visual Basic for Applications (i.e., VBA) techniques, in particular in the form of recorded 
macros, are used to decompose' the problem into smaller, more-easily absorbed, parts. 

THE AGGREGATE PLANNING LINEAR PROGRAMMING FORMULATION 
Figure 1 Shows the linear programming formulation of an aggregate planning problem. This problem is taken from 
Nahmias (1). Practice shows that this formulation is overwhelming to the students if presented all at once, so a 
piecewise approach is recommended. , ' 

l Define I Objective Function 
t 

Workforce 

I 
Producbon Equations I I Production= I Setup Solver ! j I l 

i Variables i Hiring and I. f (Workforce) I I I I ! I i 
Firing_ 

Minimize 
H1 H2 H3 H4 Fl F2 F3 F4 11 12 13 14 Pl P2 P3 P4 WO ·Wl W2 W3 W4 RHS Move ., ., 

Co.eff 100 l C-0 100 10D 200 200 2C..O 200 0.1-0 o.rn 0. 10 0.10 0.00 0.00 0.00 0.00 u 0.00 0.00 0.00 0.00 

Sol 

Cord ·1 1 ·1 1 0 {/ 

Con2 ·1 1 · 1 .! D {) 
~ 

Con3 -1 l ·l l 0 0 

Con4 -t ! ·1 l 0 0 

Co.n5 ·1 1 850000 0 

Con6 I •1 l 1260000 0 

Con7 1 · 1 l · 510000 0 

Cons 1 ·1 1 980000 0 

Con9 1 ·8001 0 0 

Con10 1 -739! 0 0 

Con11 1 -615~ 0 0 . . 
Con12 l -4928 0 0 

WO l 100 0 

Objective fu ncttor (J 

Figure I. Linear Programming Formulation from (1) 

Figure 2 shows the problem definition for this problem. This problem is taken from Nahmias (I). As Figure 2 
shows, there are two buttons in evidence that will be used to activate VBA recorded macros to translate· the word 
problem into the numerical values that will lead to a solution. These buttons are highlighted as button 1 and button 
2. . 
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Mr·. Meadows Cookie Company makes a variety of chocolate 
chip cookies in the plant in ·Albion, Michigan. Based on orders received 
and forecasts of buying habits, it is estimated that the demand for the 
next four months is 850 1260 510 , and 980 
expressed in thousands of cookies. During a 46 -day period 
when there were 120 workers, the company produced 1,700,000 
cookies. · Assume that the number of workdays over t_he four months 

. are respectively 26 24 20 and 16 
There are currently 100 workers employed. and there is no 
starting inventory of cookies. 
Assume that clnv = $0.10 per cookie per month 
cH = $100 , and cF = $200 
Please formulate this as a linear prog'ram. Be sure to define 
a11 variables . a~d include aU the required constraints. 

r:7 ' ~ ~ L!!:J ' ,---- ~ ' - - ~ 
!Button 11 !Button 21 

Figure 2. Problem Definition of Aggregate Planning Problem 

Figure 3 shows the display of problem definition caused by "pushing" button l (i.e., the top half of the display) and 
- then "pushing" button 2 (i.e., the bottom half of the display). The effect of this presentation is similar to buildup 
· slides in a PowerPoint presentation. 

Demands 

Days 

850000 
1260000 
510000 
980000 

factors 

Current workforce 
Starting Inventory IO 
Ch hiring cost 
Cf firing cost 
Ci cost inv per month 

8007.24700 days 
7391.30500 workforce 
6159.42100 production 
4927.53700 prod/emp/day 

Figure 3. -Display of Aggregate Planning Numerical Description . 

100 
0 

$100.00 
$200.00 

$0.10 

46 
120 

1~700,900 
307.97101 

Aside from the objective function, the constraint equations for this problem fall into three categories, namely: 

Manpower constraints, involving hiring and firing employees 
.Production equations, relating production to inventory, and 
Workforce equations. 

As figure 4 shows, each of these aspects "builds" the definition in these stage~. 
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jOefine Variables I 1 Objectve Function ; i Worttorce Hiring and I Production Equations I ! Pswuebon = i I Setup Solver [ 
1 I : ._! ---------"! l Fifing · j ! !~_f(W_oMor __ ce_} __ i i _____ __,f 

1 

t 
CButton 3 

t i . , 

~@D~~~ 
Figure 4. The VBA Buttons for the Various Stages of Problem Formulation 

When Button 3 and then Button 4 are "pushed", the coefficients are defined, as shown in Figure 5 (a). Of course, 
lecture material must be presented at each stage of the problem buildup, and explanation of the coefficients of the 
objective function provides opportunity for vigorous discussion. When Button 5 is "pushed", the manpower 
constraints (i.e., constraints 1 through 4) are added to the matrix, as shown in Figure 5 (b). Next, pushing button 
results in adding constraints 5 through 8, the production constraints, shown in Figure 5 ( c ), and finally pushing 

. button 7 completes the formulation, as shown in Figure 1. 
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(c) 
Figure 5. Stages of the Buildup Process Developing the Linear Programming Formulation 

This approach allows detailed explanations during each phase. For example, when button 6: shows equations 
Constraints 5 through 8 in Figure 5 ©, discussion about what the RHS (i.e., Right Hand Side) means, is appropriate. 
The discussion might include that the production equations are simply finding the correct production for each month 
given the inventory levels and demand. The demand is what the RHS stands for each month, and the .incoming and 
end-of-period inventory, as well as the production levels determine will make up the demand. 

When button 8 is pushed, the problem is set up for optimization using the Excel Solver automatically. The ensuing 
discussion covers what each piece in the Excel solver means with respect to our problem; and pushing "Solve" in the 
Solver gives the Professor a chance to move on to interpretation of the results from the Solver, which is the point of 
the demonstration. · 

THE DECISION TREE PROBLEM 
Figure 6 shows a decision tree problem taken from the same Industrial Engineering course. It is too complicated to 
learn all at once, especially if this is the first exposure of the students to decision analysis. 
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Figure 6. Decision Tree Problem Solution with Default Values 
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Here again, the problem is decomposed into smaller pieces for a clearer explanation by using the following steps: 

• Pushing the Powerpoint slide action button goes to Excel to -start the Solution 
• An Excel spreadsheet with the problem statement as shown in Figure 7 appears 
• · An almost-empty screen comes up similar to that shown in Figure 8 (a) 
• The most interesting parts are the 4 buttons labeled I, 2, 3, and 4. Each of these buttons will invoke a VBA 

macro. 
· • Pushing the macro buttons one at a time brings the decision tree up a piece at a time as shown in Figure 8, 

parts (a) through (e). When the explanation is done, X-ing out of Excel returns to PowerPoint. · 
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Figure 7. Problem Statement for the Decision Tree Problem 
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Figure 8. The Buildup of the Decision Tree Using 4 Macro Buttons 

The point of the problem buildup is that we start with a •single alternative and explain expected values (i.e., Figure 8 
(b)). Then we move to put the alternative in a broader context of decision-making (i.e., Figure 8 (c)). We add the 
second alternative (i.e., Figure 8 (d)), and finally present the complete~ analysis (i.e., Figure 8 (e)). 

This has been a very effective approach to presenting these concepts. 

THE MACHINE ASSIGNMENT PROBLEM 
Figure 9 shows the problem statement for assigning tasks,_ someti,mes called assembly line balancing. 
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· · 29. Consider the assembly line balancing problem· represented by the network in 
the figure below. The performance times are shown above the nodes. 
a. Determine a balance for C = 16 
b. Determine a balance for C = 21 
c. What appears to be the minimum cycle time that can be achieved using the 
number of stations you obtained in part (a)? 
d. What appears to be the minimum cycle time that can be achieved using the 
number of stations. you obtained in part (b)? 

!NelWo(k I !successors I !Weights I 

\ · ,~ 
I Button 1 1 · I Button 2 I ·1-B-utt_o_n 3-

Figure 9. Problem Statement for the Mach~e Assignment Problem 

When bµtton 1 pushed, the network dia~m appears, as shown in Figure 10. 

29. ConSaCSer tht assembly •line t>aW>:lng problem t~pr.e~ by 1ne net'NOtl( In 
1'1• ~ tielOW. n. performance times are sho-An atlcvt me nodes. 
a. Oetennint I balance for C • 16 · 
b. 0tt.tmunt a belenc. f0r C • 21 
c. W'n:11 appears to be the minimum crti. tin» that can be acnle•...a using ttie 
number cht8ticM you obtaiM<f in pert {a)? 
d. Whit IPPfftS to bt - rMlimum f'.YC!e time tt'llt can bl ach'IIWcf ~ the 
number of staticM you obtaitled In part (b)? 

lNetwort I· f Su«asctS J ' 'Alelghts j 
3 

(
~ . 
3 . \ 10 9 

· - / ~~1\ ----~-ls\ 
. r,Y '--\_ . 

6 9 - , \ 1 7 : 
,.--, 5 ,.._ 

,i ~ 
Figure 10. Network Diagram From Pushing ''Network" 

The problem is again taken from Nahmias (1). The key part of this solution is using the Ranked Positional Weight 
Technique, and an important concept is how the tasks are ranked. Pushing the "Successors" button results in the 
display shown in Figure 11. 
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b Cycle time 2 
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11 1 12 

I 12 

I 

Figure 11. First Step in Developing Ranking, From Pushing "Successors" 

The information in Figure 11 does not typically require much explanation, because it seems to be simply a different 
way to look at the network. However, when the "Weights" button is pushed, and the ranking tables appear as shown 
in Figure 12, the real points of positional ranking can be discussed. 

Weintmr.Nc<Mts I 
TH1<1tiffl41 2 3 4 5 6 7 .8 9 10 11 12 weight tank. 

1 1 6 9 3 11 5 9 10 9 7 10. 7 7 93 1 
2 1 9 0 3 11 5 9 10 9 7 10 7 7 87 2 
3 ! 3 0 0 0 C 0 10 9 0 0 7 7 I 36 5 
4 ! 11 0 0 C 0 0 10 9 0 - 0 ., 7 t 44 3 _, 
5 i 5 0 0 0 0 0 0 0 7 10 7 7 36 4 
6 j 9 0 0 0 0 0 0 0 0 10 7 7 33 6 
7 I. 10 0 0 0 0 0 0 9 o. 0 7 7 33 i 
8 ! 9 0 0 0 0 0 0 0 0 0 7 7 23 10 __ ; _ 

I 9 l 7 0 0 0 0 0 0 0 0 10 7 7 31 8 
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TOUII 78 · 
16 2-1. «iect:SU't'A 1a -

ram stet Time I Part a l I Partb l 
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3 4 11 
4 5 5 
5 3 3 
6 6 9 
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lO 8 9 
11 11 7 --
12 12 7 

Figure 12. Network Diagram From Pushing "Weights" 

As Figure 12 shows, the values from the succe~sors chart permit the stations to be ranked as a function of how much 
work follows the task. Finally, creating grouping of tasks manually creates spirited discussion. 
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SUMMARY 
This paper describes how Visual Basic for Applications (i.e., VBA) recorded macros are used to teach three 
Industrial Engineering subjects that have complex content, namely aggregate planning linear programming 
formulations, decision trees and machine assignments. The paper demonstrated how the VBA ·techniques allow 
decomposition of the problems into smaller, more-easily absorbed, parts. 

REFE~ENCES 
Steven Nahmias, "Production and Operations Analysis", Fifth edition McGraw-Hill, (2005). 
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DEVELOPING A LOW COST RFID (RADIO FREQUENCY IDENTIFIERS) MIDDLEWARE 
FOR SMALL BUSINESS APPLICATIONS 

S.K. Hargrove, Sr., R. Queen, Jr., B. Olubando, A. LaRochelle 
Morgan State University 

ABSTRACT 
. The. supply chain industry i_s beginning to invest significant capital to develop RFID (Radio Frequency Identifiers) 

technology to address the challenges of lean consumption. RFID.has emerged as a new strategy for manufacturing 
supply chains, but complications oftechnological implementation still exist in applications and software integration, 
especially middleware. Many' software companies have provided solution packages of middleware from prices of 
$30K to $350K, which may not be affordable for today's small business. This paper will describe the development 
and integration of RFID technology for small business applications with the integration off-the-shelf products as an 
alternative to more expensive middleware packages. 

INTRODUCTION 
Over the last several years manufacturing in the United States has been suffering. The manufacturing environment 
has become increasingly demanding. Some of the nations' top manufacturing industries have tried to counter
balance the competitive market by cutting jobs as well as outsourcing. The reality is that the United States ~pent 
many years working with proverbial blinders on. While other countries with manufacturing businesses were 
investing time into find new ways to manufacturer-domestic companies were still conducting business as usual with 
the use of dedicated ·manufacturing and traditional production schedules. u,timately the result has been the inability 
to satisfy the customer demand in a sufficient amount of time. According to AMR research, there is $3 trillion of 
inventory and 20% order error rate in U.S. & European supply chains. They conclude that through demand-driven 
supply networks, supply network operations and information technology investments the cost of supply chains can 
be greatly reduced. 

So can we learn from our mistakes? What are these new techniques to be learned? What will be the impact of these 
new strategic manufacturing initiatives on the American supply chain? Just recently have American manufacturers 
invested time into developing new ways to satisfy customer demand. Several new technologies/strategies have 
emerged to assist American manufacturers with their current stat~. One of many is Data Driven Supply Networks. 
DDSN aims at improving responsiveness by controlling the supply chain by using data provided by the customer. 
The analysts say that operations that are incorporated into Demand-Driven Supply Networks (DDSN) are helping 
reduce the $3 trillion of inventory and 20% order error rate in U.S. & European supply chains. In a.landmark study 
published in the fall of 2000, AMR Research identified that upwards of $400 billion of opportunities exist in North 
American for trading partners that fully integrate their supply chains. In addition, radio frequency identifiers have 
emerged as a tool to increas~ traceability of parts in a system. RFID can provide I 00% visibility to inventory in 
order cut some cost out of a supply chain system. RFID though has not ·yet been proven in the market place as 
something that is truly beneficial to a company's bottom line. RFID may afford industry the ability to enhance the 
status of the manufacturing and supply chain in American manufacturing. But RFID does come with its own set of 
questions. 

-Barriers to R FID adoption 
Mean rating on a 1 to 5 scale by 30 entel'J)flse IT managers 

~l!lity 

oflntegrati111 1------
Cost d RAD tags 

titial decrease .,_ ___ _ 
:1n j:rOdudivlty ._ ___ _ 

'oata s,rdmllzalDI .,_ ____ _ 

Mlll'1a!trdst:able ._ _____ .. 
Figure- OJ: RFID Barriers (Source: Accecture Inc.) 
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Figure-OJ, shows, in a study done by Accecture Inc. research company, that IT managers point "complexity of 
integration" and "data synchronization" as tow major barriers to adopting an RFID system. Both of these issues deal 
with the ability for an RFID system to be integrated into a company's way of business; in short developing 
middleware. · 

Current Industrial Applications 
Over the last few years industry has invested significant time and capital to develop RFID technology and electronic 
product coding. Except for a few trials, though most companies have been taking a wait and see approach to RFID 
in the supply chain because of high cost, uncertain standards and overall lack of understanding of the technology. 
Wal-Mart, Bentonville; Ark., has seemingly broken the logjam by declaring that it will begin RFID pallet tracking 
with some suppliers in 2005. This is an issue for most companies and. developers not the concept of RFID but the 
supply chain infrastructure and software to support the concept that has become and issue. There have been several 
field trials conducted by the Electronic Product Code (EPC) network sponsored by MIT which assigns a unique 
serial number to case product pallet, case and item in the retail supply chain. Though Wal-Mart admits that it does 
not fully understand the impact RFID will have, it does realize the unlimited potential. They site improved on-shelf 
availability, improved inventory management, more accurate forecasting, labor reduction, inventory reduction and 
theft reduction as possible benefits. [3]. The Department of Defense has signed of on RFID technology by 
requiring all of the department's 60,000 .suppliers would have to use the technology by Jan. I, 2007. The RFID tag 
contracts awarded by officials at the Army's Joint-Automatic Identification Technology program were given to 

· several suppliers including Alien Technology (used in this project) and Intermec Technologies. 

Industry leaders have already dedicated their resources and investments to the concept to RFID and its advantages to 
a supply chain structure. In 2002, the Gillette Co. committed to purchase · 500 million RFID tags. Retailer United 
Colors of Benetton recently ordered 1.5 million tags to keep tabs on garments for its 5,000 stores. [4] The 
Department of Defense, as well as other major retailers including Target and Metro also have demanded specific 
guidelines for their suppliers to integrate RFID technologies. Seeing this, IBM recently announced plans to invest 
$250 million over the next five years and hire 1,000 people to develop and promote RFID applications. 
Recognizing the difficultly some small-to-midsize business may have with implementing RFID; Microsoft has been 
testing a RFID software solution for that market. Figure-05 and Figure-06 display the opportunity in the RFID 
market. 

$25.(1)() 

$20,000 

SIPP')' Chain ~•-7.. 
~s_:i _ - - _.,. .,. - - - -

S5.0JO 

so 
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Figure - 03: Forecast of RFID Sales and Services (Source: AMR Research 2003) 

As RFID is clearly an early market, AMR Research recommends users develop a long term strategy for RFID in 
their organization as well as short term tactical requirements for meeting today's needs. Vendors of the technology 
should work to combine different technology segments effectively and at a good cost of ownership in order to vie 
for market leadership. Vendors that can help customers find and exploit positive business models will win. Their 
research shows that while only 8% of companies are in full deployment, 73% plan to evaluate, pilot, or implement 
RFID by 2006. The following chart outlines the state of deployment for survey respondents: 
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26% 

30% 

Q. Which of the following best describes your state of RFID technology deployment? (n=496J 

Figure - 04: RFID Deployment (Source: AMR Research 2005) 

With the advent of RFID technology many businesses have been struggling with the ability to gather all of the 
continuous information gathered by RFID tags in order to mfike fact-based decisions. Enter RFID middleware. 
Many software companies have developed solutions, to th_is situation by offering middleware software solution~ 
According to the research firm Venture Development Crop, RFID middleware market is expected grow by 162%; 
from $16.4 million in 2004 to $43.1 million in 2005. Middleware will account for 3% of RFID revenue in 2007 or 
$135 million. [5] Several companies have begun to cash in including Dell Sun Microsystems, ConnecTerra and 
OA TSystem. Sun Microsystems offering which competes against existing products from OA TSystems and 
GlobeRanger, among others but believes it has a clear edge pver its rivals because of its use of Sun-developed Java 
and Jini technology to make its systems robust. Sun claims that it's Java System RFID Software, which the 
company has been developing during the past two years, is the industry's only highly available RFID solution that 
can automatically adapt to changing operating environments without requiring system down time or special 
administration. The offering comprises the Sun Java System RFID Event Manager and the Sun Java System RFID 
Information Server middleware designed to process streams of data. coming from Electronic Product Code (EPC) 
readers and deliver that data to enterprise applications. Though these offerings maybe state-of-the-art, they may not 
be ideal for some businesses. Considering that these middleware alternatives may range in cost between $30K and 
$350K; they maybe over qualified and over priced for small business. [6] 

PROJECT ANALYSIS 
This project will attempt to integrate RFID technology with off-the-self software through the use of scalable 
middleware in order to convert RFID information to statistical data in order to make data based decisions. 

Refined Problem Statement & Requirements 
With RFID gaining momentum, larger companies have the capital and resources to explore the its many benefits and 
have dedicated time and effo'rt into the development of the technology. RFID middleware has become one of the 
most integral parts of RFID data being integrated into' a business model as it allows for the raw data gathered by 
RFID to be transferred into information useful to ousine~s. According to Venture Development Corp., the top three 
desired features for data monitoring and management functions were ~ata aggregation and integration, data filtering, 
and data routing. These features, if used correctly in the technology's middleware, can ·allow for endless 

. possibilities. However, with many . small businesses in essence being forced in to the use of RFID by larger 
customers, these smaller companies will be. left to determine to best utilize RFID beyond just the plac~ment of tags 
on their products for another company's or customer's system to read upon delivery. How can the capital invested 
in RFID technology be converted into a useful system .without realizing the high cost of RFID middleware for 
system integration? [10] This will answer these questions as well as: 

• Can RFID actually contribute to responsiveness through consistent part traceability? . 
• How do can maintain part information persistence when the RFID technology can only read tags from a 

limited distance? 

But ultimately, can these businesses use off-the-self middleware software and minimal training to convert the 
information from RFID into organized statistical data in order to make decisions to improve their business 
strategies? Therefore the proposed middleware application must be able to handle data persistence, system 
integration and statistical analysis of data in order to make RFID valuable to small business .. 
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LITERATURE REVIEW 
With large industry players such as Wal-Mart embracement the development of RFID, companies have realized the 
true RFID dilemma; integration. The need for RFID hardware to ipterface with legacy systems is essential. As 
prove positive of the importance of RFID middleware large companies such as IBM, Microsoft, OA TSystems, 
Oracle, Sun Microsystems [ 11] have all dedicated divisions allocated to developing and consulting middleware 
solutions for RFID that range in cost between $30K and $350K. 

Though _many are trying to realize the benefits of RFJD and RFID middleware the Boston, MA based company and 
one of the early RFID leaders, GenuOne opted out of the RFlD application market in May of 2005,"stating that the 
overall market was still in infancy a will take some time to develop a formal marketplace. [12] AMR Research 
expects by late 2006 for the market to consolidate with clear winners and losers identified. Frost and Sullivan 
predicted a RFID middleware market of $23 million for 2004 now estimates $220 million· by 2011. 

If RFID middlewa:re, can be defined as the software layer residing between the RFID hardware and the existing 
back-end system or application software then its function is to extract data from the RFID interrogators (readers), 
filters it, aggregates ·i_t and routes it to enterprise applications such as a warehouse management system (WMS), 
enterprise resource planning (ERP). Only a few years ag0; ·the average selling price of a single enterprise RFJO . 
middleware software license was e~ily $125,000 or more per installed site, making it very expensive to bring RFID 
technology into the · supply chain management. For a relatively simple piece of software-in terms of required 
functi_ons and ·capabilitie~-it bore a horrendous price tag for early adopters. The simple fact, today, is that RFID 
middleware can be purchased for less than $20,000, and with enough functionality to run most RFJD applications. In 
a statement heard in the RFID community, in 2006, German automotive manufacturer Volkswagen developed its 
own RFID middleware completely in-house, much to the dismay of many commercial software vendors. [13] 

DESIGN: SYSTEM DEVELOPMENT 
In order to gain long-term benefits, these suppliers 'need to intelligently incorporate the data they are collecting to 
make improvements to their overall business processes. RFID middleware is the tool that companies will use to 
manage RFID data by routing it between tag readers 3;nd the multitude of systems within their businesses. 
Unfortunately many industries will not ·have the capital to explore how custom middleware products or programs 
will be able to handle the flow of RFID data best for their business. [14] To counter-balance this, this project will 
explore the use of off-the-self software and · products to handle this information without loss of data or errors. In 
short, this project will attempt to integrate off-the-self software through the use of scalable middleware in order to 
convert the mass RFID information to statistical data to make data based decisions. 

Th.is project will attempt to integrate RFID data, Java coding, SQL-based databases (Access), and a GUI (Graphical 
User Interface). 

Equipment and Software 
The equipment and software used in this project are all a part of the Reconfigurable Factory Testbed as mentioned 
previously. This lab is used to simulate the functionally and situations found in a "real world" environment. All the 
equipment that is found in this lab is industry standard. RFID station found in the lab is just one small part of the 
system but through the use of TCP/IP connections, it has the ability to alert and update statuses to all other 
eq~ipinent/processes in the lab. 

Alien Technology ALR-9780 is a point-to-multipoint network reader. It has the ability to be static in location but 
read multiple dynamic tags. It operates at an EPC standard frequency of 902.6 MHz - 927.4 MHz, which was 
described in previous sections as a fairly high range frequency, capable of a range up to 9 feet. This range is most 
applicable to this project as most industrial applications use this ra~ge for pallet and part tracking. · 
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Figure - 05: Alien Technology's ALR-9780 Reader, Antenna and Tags and Reader Communication Ports 

The tags used are Class 1 NanoBlock Tags. They are specially designed to be used with Alien's ALR-9780 readers. 
These tags comply with the MIT AutoID Center's open specification for RFID. Class I tags are ''passive" devices. 
That is, they do not have an onboard power source. They are powered by the RF energy transmitted by the reader. 
They communicate with the Reader by means of "Backscatter Modulation". That is, they do not actually transmit 
anything; they merely change their reflective characteristics in a systematic way and reflect RF energy back to the 
reader. An analogy to this is the way ypu can use a mirror to µ-ansmit infonnation by reflecting light from the sun. 

Figure-06: &ample ofNanoB/o-ck Tag 

Example~ Of Alien Na.-.olJ;oc;. lag 
andanteM.Jdf:~ 

InduSoft provides a family of software products for developing applications in Industrial, Instrumentation and 
Embedded Systems, for all Microsoft operating systems. InduSoft Web Studio is a powerful collection of 
automation tools that includes all the building blocks needed to develop human machine interfaces (HMis), 
supervisory control and data acquisition (SCADA) systems, and embedded instrumentation and control applications. 

Other Reconfigurable Factory Testbed equipment and software to be explained in later sections include: 
• Amatrol AS/RS . 
• Amatrol Conveyor System 
• Allen Bradley PLC 750KB MEM . 
• Netbeails Java Editor IDE 4.1 
• Microsoft Access 
• Rockwell Software RSLinx 
• Rockwell Software RSLogix 

Data Flow: Current System Operations 
Academia provides an excellent opportunity to model "real-world" constraints and modules for test and application 
of RFID technology. The partnership described in the following allows for the two universities, Morgan State and 
Michigan to simulate a demand-pull supply chain system acting as a supplier and an assembler. In this pr~ject, 
Morgan State University acts as a subcontractor and partner to the University of Michigan for the purposes of this 
project. In many ways, Morgan State University acts as a supplier plant that supplies an assembly plant, in this case, 
University of Michigan. In this project, the two schools aim to simulate the constraints and the capabilities of a 
''real-world" supply chain environment. The use of a VPN (Virtual Private Network) acts as the communication and 
control link between the two universities. This connection allows not only private communication between the two 
parties, but it also allows for the two "factories" to be_ controlled at distance and through the web. 
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The lab Morgan State University allows for this research to be tested in an· ideal environment. The RFT lab 
described previously serves-as supplier for a manufacturer. It has a limited number of students "employees" and a 
small product mix. It fits well the definition of a small business and hence validates the development and testing of 
a RFID middleware system designed for small business in the lab. 

Obied-Oriented Software Development: Proposed System Development 
Object-Oriented software development governs that the .software development process takes place in five phases: 
[12 & 13] 

· • Requirements Elicitation 
• Analysis - Formulate and build problem domain model 
• System Design - Analyze problem and break it down into smaller pieces and select general strategies 

for designing system 
• Object Design - Select detail solutions for each piece and decide most appropriate solution 
• ln'lpleinentation - System is realized, domain model is translated into executable representation. 

(Discussed in Section 6.1) 
This same developmentprocess will be applied to the implementation of the proposed middleware package. 

System Requirements Elicitation 
The requirements of the system in order to fully understand the problem we can begin to be more specific about the 
requirements of the proposed system based on the experimental equipment. As discussed previously there no exist 
in the RF! lab a fully functional supply chain structure that can receive and fulfill customer orders. Within the 
structure of the lab there exists an inventory tracking operation on an Alien RFID application. The RFID reader is 
fully functional but there still is two problems: Firstly, the RFID reader can gather information on parts that are in a 
9ft rac,lius but once that part leaves the that radius it takes all of its information with it. In other words, there is no 
persistence. Secondly, the RFID application operates independently to the rest of the lab operations and there is no 
way to make any decisions based on the information gathered by the RFID reader. Therefore the proposed 
middleware application must be able to handle data persistence, systell! integration and statistical analysis of data in 
order to make RFID valuable to the RFT lab and consequently small business. 

System Analysis 
The analysis phase deals with creating a domain model. Problem domain modeling is an essential part of the 
software design process. It builds the initial static portion of a model, which is essential when driving your 
application design forward from use cases. [17] The term "problem domain" refers to the area that encompasses real
world things and concepts related to the problem that the system is being designed to solve. Domain modeling is the 
tas~ of discovering classes that represent those things and concepts. Classes are used to group related variables and 
functions. A class describes a collection of encapsulated instance variables and methods (functions), possibly with 
implementation of those types together with a constructor function that can be used to create objects of the class. 
There are several UML classes that are defined in this project: All of these actors/classes are involved in one of 
these four use case scenarios that describe the use of the proposed system 

• Install System 
• Add/Remove Tag Information 
• Analyze Data 
. • Evaluate System 
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In Figure 07 we · can see how each one of the actors function in a particular use case. The use case that will be 
discussed in further detail is the Add/Remove~ Tag_ Information use case. This use case will give the best 
understanding of how the system components interact with each.other to create a seamless application. 

I. Part enters the Alien Class I Reader's frequency 
2. The AlienClass 1 Reader sends a message to the MessageListenerService that a new tag has been 

added/removed 
3. MessageListenerService send an updated message to the MessageListener 
4. The TagTableListener receives a message to update the TagTable for the RFJD _Application 
5. RFID_Application sends updated tag information to the Database 
6. Database stores new information 

Figure 08 shows a conceptual model and a UML component diagram that displays the interactions between different 
components of the system described. It describes the process · of a tag being read by the reader and the information 
associated with that tag being store in a database in order to make the data persistent. The orange box is a 
representation of the actual hardware received if one is.to purchase an Alien Technology ALR-9780 Development 
Kit~ as was in this project. The green boxes are realizations ·of the modified Alien API {Application Program 
Interface). An API is a set of encapsulated routines, protocols, and tools for building software applications. What 
has been named "RFID _ Middleware" has been mo~ified through the course of this research to handle the 
functionality in the research lab. All of the · other !,oxes below the RFID Middleware are sub classes that allow for 
the API to function. 

Figure - 08: Conceptual and UML Component Diagrams 
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. ' 

The development of the use case diagram and the component diagram, a class diagram can be developed to display 
the functionally of t11e middleware system. 
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Figure - 09: Class Model 

The above class diagram describes a system in which the modified API (the API is denoted by the collaboration of 
all the classes in orange) allows for all parts read by the RFID hardware to be stored in a database. The user initiates 
the system at start up. The AlienClass I Reader then initiaies the RFID Application Java API which contains the 
MessageListener and TagTableListener.- The TagTableListener waits for a tag to be added to or removed from the 
AlienClasslReader's list of tags stored in its transient memory {TagTable) in order to store the information in a 
Microsoft Access database. 

System Design 
The system design phase is used to break the analysis of the project into smaller pieces and possibly group the 
classes discovered in the analysis phase in to possible class groupings. In this phase the developer begins to develop 
a conceptual method in which the software will be designed. For the design of this system, the middleware will be 
developed in a. Java editor and it will "handle" portions of the encapsulated Alien RFID API {Application Program 
Interface). The middleware will then be able to place information gathered from the Java API and use 
communication between a JDBC (Java Database Connection) and a Microsoft Operating System ODBC (Open 
Database Connection). 

As shown in Figure 20, the proposed system should be able to handle data persistence even if the part is no longer in 
the frequency· of the reader. The below object diagram shows how the middleware system will operate and how the 
data can persist and how that data can be placed in a database for statistical analysis. 
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Obiect Design 

Figure - 10: Object Model 

CONCLUSIONS AND RECOMMEND A TIO NS 
In order to determine the value of the "SAM" Middleware System we must look at development time and payment. 
It is not unreasonable to think that two senior software development engineers could evaluate a system and design a 
software package for small business in less than 80 hours. Accordmg to engineeringsalary .com, a standard charge 
would be $50 per hour. That would value the "SAM" of RFID at less than $8K. Compared to the $350K - $30K, 
this seems to be an affordable solution to the small business RFID problem. This validates that an affordable 
mi~dleware system can be developed for small business without the· high cost quoted by some more notable 
developers. 

With RFID clearly emerging as the new supply ,chain standard, the opportunity is immense in this new market. Also 
with an estimated worldwide sales of RFID related middleware and services in the $220 million dollar range in 
2011, there exist the opportunity for small business manufacturers to take advantage of small business system 
integrators and avoid the high-priced middleware solutions offered by some of the major players in the RFID game. 
If any business is going to "win the game of tag" they must first understand how RFID can help their business and 
select RFID hardware and middleware that is not only applicable to their business but scalable for future growth. 
This project aimed to develop a middleware application that handled data persistence, system integration and 
statistical analysis of data in order to make RFID valuab~e to small business. Through the use of program APis the 
middleware was able to handle these tasks. There still lies a tremendous opportunity to even further develop this 
research area. For example, the software robustness would increase · if the middleware would be tested in a small 
business environment. In that environment, the customer would be able to give recommendations for improvement 

· as well as give real-world values to the cost,.benefit analysis model development that would determine _if the project 
satisfies the company's IRR (internal rate of return). There can also be development of coding that will allow for 
seamless integration between the RFID hardware, database software and statistical analysis software (SPSS, SAS, 
etc.) Though each business and supply chain is very different, this project proves that there is an opportunity to 
supply small business the capability to integrate RFID technology to improve their business processes. 
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DEVELOPING A U2U NETWORK INFRASTRUCTURE FOR A RECONFIGURABLE 
.FACTORY TESTBED: CHALLENGES AND OPPORTUNITIES 

S.K. Hargrove, Sr., R. Queen, Jr., B. Olubando, A. LaRochelle 
Morgan State University 

ABSTRACT 
. The · opportunity to communicate via distributed networks and .the internet can provide _ the US manufacturing 
industry with a competitive advantage in the supply chain network. Though there have many developments in the 
last ten years, future improvem,ents can have a major impact in shortening the cycle time for production and linking 
suppliers with the manufacturer. This project describes collaboration between two universities in conducting a web
based manufacturing research, the Reconfigurable Factory Testbed, RFf. One facility acts a manufacturer and the 
other as a supplier. This paper will detail the ongoing development of the Reconfigurable Factory Testbed and 
discuss the challenges, opportunities, and benefit~ involved in manufacturing education and research. 

INTRODUCTlON 
More effective and efficient control of supply chain networks for the production and distribution of goods has 
become the competitive strategy with the advancements of information technology. The opportunity to 
communicate via distributed networks and the internet can provide industry with a competitive advantage to satisfy 
customer demand for responsiveness and service, primarily through inventory control. Though significant strides 
have been made in this area, a challenge remains to·design, develop, and deploy an effective web-enabled system to 
compliment supply chain networks for manufacturing. These circumstances.create a tremendous opportunity for 
universities to conduct research in the creation of multi-level collaborations that simulate supply network operations 
and configurations for real-time communication for manufacturing. 

The initiative provide students with a research experience to promote teamwork, expand their expertise and 
manufacturing knowledge, academic and cultural appreciation, and increase the ·diversity of manufacturing 
professionals for industry and government. The research involves the use of the internet and a Virtual Private 
Network (VPN) to allow communication and shared machine control to simulate a data driven customer-client 
suppl_y chain network. 

NSF/ERC/RMS PARTNERSHIP 
The National Science Foundation (NSF) created and sponsors Engineering Research Centers (ERC) to promote 
innovation and capitalize on breakthrough and emerging·technologies that will impact the US economy. An ERC 
must also impact the future workforce in science and engineeripg; and develop skills and knowledge that student's 
need for industry and government employment. This project describes a university-to-university (U2U) ERC 
partnership focused on the for.mation of two universities collaborating on res_earch conducted on an emerging 
manufacturing technology. Morgan State University, a historically Black university located in Baltimore, Maryland, 
and The University of Michigan, located in Ann Arbor, MI., are the partnering institutions. 

The University of Michigan (UM) has maintained an institutional commitment to diversity policies based on the 
belief that a multicultural environment benefits the learning experience and student's cultural awareness and 
understanding [l]. This educational envir~nment is also conducive to simulating industrial environments and the 
climate of the global economy. Consequently, programs have been implemented to help increase diversity of the 
student body and faculty population with some success, ~nd hav:e presented a complimentary climate for academic 
study and research. The University of Michigan's College of Engineering continues to foster diversity and a multi
cultural learning environment as envisioned by the university's diversity initiative. As a result, it has reached out to 
Historically Black Colleges and Universities (HBCUs), such as Morgan State University of Baltimore, MD, to 
recruit students and potential graduate students. 

The formation of a partnership between an HBCU, an undergraduate and teaching institution, and a major research 
extensive institution, has had limited success in the past. Hence, this partnership can sometimes conflict with the 
goals and environments of the partnering institutions. Some of the issues include objectives of the institution, 
missions, academic policies and regulations, curricula; student background, equipment, availability of funds, and 
culture. These same differences are present when partnerships are formed by two or more companies. While many 
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may see these differences as possible obstacles or a hindrances, both the .University of Michigan and Morgan State 
University viewed them as opportunities for not only simulating "real world" supply chain operations in 
technological resear~h, but also cultural relations. Hence, The University of Michigan (UM) has pursued its 
relationship with Morgan State University in a calculated fashion recognizing that the above factors must be 
considered and embraced. 

The partnership began between the University of Michigan, with an existing ERC in Reconfigurable Manufacturing 
Systems (RMS), and Morgan State University (MSU). Reconfigurable Manufacturing Systems is the design and · 
operation, of system architecture and configuration of hardware, software, machines, and_ supporting production 
equipment to meet the changing customer demand for goods based on product mix and volume [2]. The 
NSF /ERC/RMS facility in the College of Engineering at UM is conducting research on innovative approaches to 
advance manufacturing technology for US companies to compete globally and quickly respond to market demands 
and customer.needs. This university to university collaboration is unique because of its partnering differences, arid 
yet the desire to pursue specific outcomes in separate academic settings is the same for research and student 
development. This collaborative effort will be conducted through the use of internet technologies and supply chain 
technologies/methodologies. · · 

PROJECT DESCRIPTION 
Recent advancements in technology have allowed for today's manufacturing and supply chain industry to truly 
become global. With the advent of the internet and other communication tools, industry can now conduct their 
business with a competiti.ve advantage of researching and forming partnerships with the best qualified and/or low 
cost suppliers without geographical constraints. However, there still lies an opportunity to better communicate via 
distributed networks and the internet to provide industry with a greater opportunity to satisfy customer demand for 
responsiveness and service, primarily through the control of inventory. Despite the progress, most of the presently 
developed web-based manufacturing systems are still prototypes for studying the feasibility and potential of web 
technology in advanced manufacturing.· Many problems have to be addressed for developing web-based 

. . manufacturing systems [3]. The challenge remains to design, develop, and deploy an effective web-enabled system 
to complement supply chain networks for manufacturing. 

Academia provides an excellent opportunity to model "real-world" constraints and _modules for test and application 
in the university environment. The partnership described in this paper allows for the two universities to simulate a 
demand-pull supply chain system, acting as a supplier and an assembler. Morgan State University acts as a supplier 
and subcontractor to the University of Michigan, the final assembly facility. MSU/UM student teams are formed and 
work together of specific projects that benefit both manufacturing systems. To develop a web-enabled supply chain, 
the two schools aim to simulate the constraints and the capabilities of a ''real-world" supply chain environment. The 
use 9f a VPN (Virtual Private Network) acts as the communication and control link between the two universities. 
This data driven supply network (DDSN) connection allows not only private communication between the two 
parties, but it also allows for the two "factories" to be controlled at distance and through the web, as shown in_ Figure 
1. 
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Figure 1: VPN Connection between MSU (Baltimore, MD) and UM (Ann Arbor, Ml) 

The two universities have combined efforts in the production of wax toy trains. The product is a simple 
configuration and fabrication process, but the challenge is to produce the product using web-interface technologies. 
The product and its components are shown in Figure 2. In fact, any product can be introduced into this system and 
can· be manufactured. 

Figure 2: System product - Wa~ toy tr~in and wax toy train parts 

Morgan State University will be the supplier of train parts (raw materials) to the University of Michigan. The MSU 
Supply Cell Controller (SCC) will supply two parts to UM. Each part will have different color combinations. The 
UM System Level Controller (SLC) will receive parts from MSU and assemble the basic train products. The system 
uses the same supply chain methodologies used by major department stores such as Target, K-Mart, etc. The system 
operates as a demand-pull operation, meaning activation requires a catalyst in the inventory such as inventory level. 
For the purpose of this project, that catalyst is the requisition of additional parts by UM. The requisition triggers the 
network process at MSU. Once a part or parts are requested, the UM System Level Controller does a series of 
inventory level checks and then sends a XML~SOAP ·command to the SCC via the VPN. These activities activate the 
data flow at MSU (Figure 3). 
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The Supply Cell Controller is controlled by an Allen Bradley Logix 55555 Program Logic Controller, programmed 
with Ladder coding protocols in RSLogi:x/RSLinx. The program tags are monitored by Jconics OPC (Open 
Connectivity) DataSpy. The VPN connection is powered by an Allen Bradley Ethernet IP module. This software is 
used to control the functions of an Amatrol AS/RS and Amatrol standard conveyor system by the use of a Prosoft 
RS 232 module. The integration of several different software and equipment from a variety of vendors are essential 
to the relevance of the project. As in the business environment, the use of different vendors and systems is a reality . 
. The MSU system is defined as a Reconfigurable Factory Testbed, whereby it has similar software and hardware 
.components of the RMS at the University of Michigan. The RFT consists ofa conveyor system, an automated 
retrieval and storage system (AS/RS), a future CNC Lathe and robot, and supporting communication technologies. 
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Figure 4: RFf Human-Machine-Interface powered by Indusoft Web Studio 

The whole system is controlled by "front-end" software tool developed by Indusoft, and was modified for the RFT. 
This acts as the human machine interface (HMI) to communicate and interface with the user. This is a totally 

. customizable graphical user interface or human-machine interface which allows for push button control of the ladder 
logic stored in RSLogix as well as the OPC tags stored in Inconics. Once the order is received by the Supply Cell 
Controller, it is sent to the Program Logic Contro1ler and through the use of the Ladder coding in RSLogix, the part 
is retrieved form the AS/RS and placed on the conveyor for order fulfillment. There is an assumption of a virtual 
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supply of parts for a complete cycle for order requisitions to fulfillment. · The part is then virtually loaded onto the 
UM system for assembly. 

Students from both institutions collaborate in the software and hardware development, and have spent time visiting 
at the partner university as research interns. A unique camaraderie has formed throughout the last two years, and 
has complemented the educational environments of both schools, and enriched the student's overall educational 
experience. Coursework has also been developed based on the content and laboratory enhancements, and high 
school students are also exposed to the developments via software tutorials and summer pre-engineering programs . 

. This student impact and the .opportunity to conduct applied research in the emerging area of reconfigurable 
manufacturing systems will help prepare graduates for the future state of manufacturing innovation for the US 
economy. 

CONCLUSIONS 
The collaboration of universities provides a unique opportunity for students from different academic backgrounds 
and culture to learn in a research environment. The partnership between a major research institution and a HBCU 
can result in an experience that students gain research skills, learn to work in teams, expand their technical 
knowledge, and have an appreciation of cultural and academic origins. The environment is also conducive to the 
preparation of students for actually "real-world" technical and business environments with respect to the emerging 
global market and economy. This partnership has now allowed for distance monitoring and control (500+ miles) of 
machines and processes to support research that is aimed to simulate a global supply chain operation. 

It is suggested that more partnerships such as this be pursued that advocates diversity in learning and research, and 
develops in phases to produce results that benefits both institutions. The NSF/ERC partnership of two years has 
strengthened the commitment of both universities, and the students have made the program a model for 
collaboration. 
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START YOUR SUPPLY CHAIN OUT RIGHT! BAR CODE PRINT AND APPLY FOR 
PRODUCT PACKAGING PLANT FLOOR INTEGRATION USING VB.NET 

Mark Smith 
Purdue University North Central 

ABSTRACT 
. Effective Supply Chain Management requires the correct labeling of products, as each juncture of the chain uses 
packaging information for tracking and control. Barcodes are the predominant medium for this purpose. More often 
than not, systems that print packaging barcodes are isolated from the systems that plan and schedule the product 
itself- a classic disconnect between ERP·and Manufacturing Execution (MES). Existing systems that bridge this 
disconnect typically require C programming, DOS-like operating systems, and/or proprietmy hardware. This paper 
explores an integrated solution using a multi-tiered architecture written in Visual Basic.net, and presents a case 
study demonstrating its effectiveness. 

INTRODUCTION 
One of the necessities ofan effective S~pply Chain is the correct labeling of products that make their way from the 
manufacturer to the end customer. This journey is critical as companies work at "getting the right product to the 
right place at the right time." (Bendiner, 1998) Each stage of transport uses the information on the packaging to 
monitor and track the product along the supply chain route. In almost all cases, a barcode label is used to do this. 
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Most manufacturers have already implemented systems that print barcode labels and other packaging information, 
and some have even automated the process of applying that data to the packaging. Unfortunately, most of these 
systems are isolated from the business planning systems that control the scheduling of the product itself - a classic 
disconnect between ERP and Manufacturing Execution (MES): These systems generally use their own proprietmy 
files or spreadsheet format input. While they typically do an adequate job of producing barcodes, they end up 
increasing the workload of the production s~ff as data must be manually loaded and maintained to match the 
information in the ERP production planning system. So at best, this disconnect results in redundant efforts to label 
the packaging with information that is available ( or should be) from the ERP system. However in the worst case, 
when the packaging information doesn't match the product, it can result in errors which may not Qe detected until 
the goods have traversed the entire supply chain, with distributors (and even customers) ending up with the wrong · 

· product. You don't need to do a Value Chain analysis to realize that these mistakes must be eliminated (Noble, 
1999). . 

ERP vs. MES 
While the ERP system handles production planning and inventory management, it doesn't address the execution ·of 
production in the dynamic way required on the plant floor, including product packaging and labeling requirements. 
This is primarily due to the difficulty in developing standard software for an area that tends to be what differentiates 
one company from another. MES systems support the dynamic, minute-by-minute activities that occur on the plant 
floor and are usually highly customized to meet these needs .. (Smith, 2000) ERP is focused on the planning function 
of materials, labor, and production assets to satisfy customer orders or production forecasts, while MES is focused 
on the production activities associated with delivering the product. This relationship requires a close sharing of the 
information required to support these business processes. 
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When the enterprise doesn't take the time to integrate these systems, it's common to find data being manually 
transferred from one system to another, or the same data being entered multiple times in different systems. This is 
the classic approach of most systems that produce barcode labels. 

Barcode labeling solutions that do bridge the gap between ERP information and MES packaging often present other 
problems for the organization. Most of them are custom built on older technology architectures. Typically, they 
utilize proprietary hardware and/.or software that require DOS-like operating systems or C programming. And if 
these systems have been around for any length of time, manufacturers are faced with the problem of keeping them 
operational as the hardware and software become obsolete, and technical resources that work on them disappear. 

One example of a system in this category is .a popular barcode plant data collection system that is integrated with 
ERP by means of a transaction exchange process. (This is the legacy barcode system used by the case study · 
company in this research.) The system uses a proprietary language to configure and program data collection 
terminals. The terminals have the capability to attach to various barcode scanning and printing equipment through 
modules written in the C programming language. Data collection terminals communicate with RS232 attached 
scanning/printing equipment and exchange transactions with a data collection server (DC Server) over RS-422 
multi-drop lines. In some cases, where the line distances exceed RS-422 capability, the signal_s are conyerted to RS-
232 and back again to complete a run. The multi-drop lines connect to a PC on which the DC Server software is 
running through a co-processor card to alleviate the load on the PC. 

The DC Server also communicates with ERP systems using a formatted transaction process. This procedure uses 
scripts that are configured in various ways depending on the ERP host operating system. They may use 5250 or 
3270 emulation if the ERP host system resides on a mainframe or mini computer, or distributed database 
transactions if the host is a networked PC. Each level of the system uses proprietary software to achieve integration. 

· From an integration standpoint, this system does a great job, but it is complex and requires a ·number of different 
technical skills to support. 
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The following diagram displays the interaction of the various components of this system. 

Complex Integrated Barcode System 
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CASE STUDY BACKGROUND 
The_ case study for this research involves a major manufacturer of automotive and heavy duty filters for original 
eqmpment manufacturers and after market. In the mid-l 990's this company implemented a system to mechanically 
attach barcode labels to the product packaging. The label includes a product number, the customer's part number, 
~e package quantity, and other pertinent information for tracking prod:uct flow a~ong the supply chain. It was very 
unportant to have a system in place to make sure that labeling was done correctly as the company had experienced 
multiple instances in the past where the wrong product was sent to a customer because of mislabeled packaging. To 
acc~mplish this, the integrated barcode system described above was installed and setup to work as follows. 

A barcode scanner attached to a data collection terminal (DC Terminal) scans the order number from a work order 
sheet produced by the ERP system. That data is transferred from the DC Terminal to the data collection server (DC 
Server) in a transaction format using the proprietary configuration language of the system. From the DC Server, the 
transaction is routed to a script application (also coded in·a proprietary script language) that utilizes 5250 emulation 
to insert data from the transaction into a "green screen" applica~ion that is part of an ERP system on the AS400 host 
computer. The AS400 application searches for the work order number in the DBMS supporting ERP and displays 
the data required for the labeling of the product back on the "green screen". The script application then extracts the 
data from the screen area. Since the script is emulating a 5250 terminal, you can visualize the communication 
activities of the transaction script as if someone is entering data at a terminal program and waiting for the response, 
and after the 5250 application responds the data is copied from the screen. In fact, the 5250 terminal emulation 
software requires that a 5250 session is running in the operating environment (Windows 2000 in this case) of the DC 
Server, and you can see the interaction between the transaction script and AS400. · 

When the AS400 responds with the requested data on the screen, the transaction script retrieves the data based on its 
position in the screen layout and sends it to the waiting DC_ Term~al. The DC Terminal then displays confirmation 
to the plant employee, and prompts for information about the specific barcode printer to be used. This is combined 
with the ERP data and sent back to the DC Server. The server then passes the data to the print generator; a C++ 
program that retrieves the appropriate template file representing the barcode lab~I format specific to the customer 
and the printer being used. The ERP data is then merged into the template and the print file stream sent back to the 
DC Terminal. The terminal passes the print file stream to the printer on the plant floor, which is fitted with a 
mechanism that applies the printed labels to the packaging as the product passes by on a conveyor system. The DC 
Terminal also sends the barcode to a scanner downstream on the conveyor system. This scanner verifies that the 
printed label was applied to the packaging and contains the correct data. The printer and verify scanner continue 
this operation on all of the packages for the current order. 
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In some cases, a customer also requires an additional wrap-around label on the packaging so that the information is 
available on two consecutive-sides of the box. In this case, a second label is generated using the same process as the 
first, and this label is sent to a second printer on the conveyor line. This printer is equipped with a more 
sophisticated mechanism that spins the box as the label is applied so that the label wraps around the corner of the 
box. 

One other complexity in the system is that the DC Terminal has only one RS232 port to communicate with the two 
printers and the verify scanner, which all require RS232 connections. To overcome this limitation, a Black Box 
switch is located between the DC Terminal and the downstream devices. The terminal sends a coding-sequence to 
the Black Box, which then connects the appropriate device so communication can take place. The complexities of 
this system support the suggestion that implementing technology to support supply chain management is a process 
of combining both art and science (Koch, 2002). 

ACQUISITION CHANGES THE GAME 
In early 2004, the company was acquired by a holding company which made .the decision to consolidate Information 
Technology (IT) operations at a single remote site several states away from the company. The consolidation 
included a planned conversion of the ERP system to a new ERP package on a different computing platform. In 
anticipation of this change, the decision was made to modify the existing barcode printing system so that it used 
distributed ·data from the ERP system· rather than the interactive connection. This removed the dependency on the 
5250 emulation link to the AS400 system which was being replaced by the consolidation, and would make the 
system more reliable when·switching over to the new remote ERP system. The approach involved automatic 
replication of data from the ERP system into a distributed DBMS on the DC Server. The change was successfully 
completed in the fall of 2004. Replication was scheduled on a periodic basis to keep the data on the DC Server 
current, and plant floor personnel were given the ability to update the local DBMS at any time should they find that 
required data was not available on the server. To accomplish this change, the 5250 transaction script was replaced 
with a script that uses the local DBMS to provide data for the barcode print application, resulting in a more efficient 
system, although still somewhat complex. 

As this system has aged, there have been a .number of issues that brought the company to the decision to totally re
engineer the software. First, the DC Terminals used to communicate between the DC Server and plant floor devices 
are obsolete and no longer supported by the original manufacturer. Equipment that has broken down is replaced by 
used equipment available in the computer after market, and as time goes on there are concerns about how long the 
terminals will be available. Next, the RS422 network system that connects the DC Terminals to the DC Server is 
highly susceptible to electrical emissions and other signals throughout the plant, often causing communication 
errors. Every time a packaging line is moved or a new line added, it creates a challenge for the Information 
Technology and Plant Maintenance departments to get the new lines operating reliably. Finally, it is very difficult to 
find the expertise_ to make software modifications and upgrades to the system. Changing the system requires skill 
with the proprietary terminal configuration and programming language, the transaction script language, and C-t:+ 
programming. These factors encouraged the company to begin a search for a replacement system in the fall of 2005. 

While the current system is complex and hard to maintain, it does provide a highly customized solution for the 
company that effectively supports its supply chain management requirements. The system's ERP integration and 
mechanics to both print and automatically apply the package labeling provide a state-of-the-art solu,ion, even 
though the system is implemented on an obsolete infrastructure. Because of this, no package-based solution was 
readily available to the company as a replacement. It was at this time that a custom solution was formulated. The 
idea was to use mainstream technology products to provide a current technology infrastructure that would be easy to 
implement and maintain. 

The goals of the system replacement project were as follows: 
• Get rid of the obsolete DC Terminals 
• Get rid of the DC Servers, which were constrained to running on older operating systems 
• Replace the troublesome RS422 plant network with a current standard network 
• Replace the proprietary configuration/programming language with _current, widely-used technology 
• · Get rid of the C++ programming 
• Maintain a similar customized approach to barcode print and apply 
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VISUAL BASIC.NET MULTI-TIER ARCHITECTURE 
Typically, data communications with barcode scanning and printing devices (or any other manufacturing plant 
devices for that matter) have been done using C++ programming. Early versions of Visual Basic lacked the 
capabilities to effectively handle the requirements for the various data communication issues that arise. There was 
also the legacy ofC for this type of programming in the plant environment. However, with the releas.e of Visual 
Studio.net, C++ an4 VB have grown closer in terms of how they are implemented using .net Framework objects. 
The company was able to build coding objects that could provide the structure for the device communications 
required for the system. That, coupled with the multi-tiered architecture that is easily implemented with object 
~riented programming languages, and the ease of integrating DBMS using .net Framework, made the decision to go 
with VB.net an easy one. · 

Using a multi-tiered VB.net approach, the proposed system is able to achieve all of the goals of the replacement 
system. The new system includes the following tiers: 

• Presentation Tier: The presentation tier uses standard Windows forms and graphical user interface (GUI) 
objects to provide a user friendly interface that is familiar and comfortable to users. 

• Data Tier: The data tier uses .net Framework to integrate the application with a distributed DBMS for 
queries and updates. , 

• Device Communication Tiers: These tiers handle the interface between the PC and various bar code 
scanners and printers used in the solution. 

• Business Process Tier: The business process tier provides the business rules and algorithms for the 
solution. It handles the interactions between the other tiers and includes the logic for a print driver that 
generates the barcode printer data streams from dynamic data required for specific labeling, and templates 
defined for various printer types and label formats. · 

Multi-tier Solution Architecture · 

Presentation Business Process Data 

□ 
Windows - ~EJ ~ 

Forms 
~ 

l 
~ ,idf. 
IIIIIJUI 

Device Communications 
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This architecture employs the object oriented programming (OOP) capabilities of VB.Net to implement.a multi-
tiered solution that is easy to use and easy to maintain. · · 

THE NEW OPERA TING PROCESS 
The new process uses the following components: 

• VRnet "Print & Apply" multi-tier application program 
• DB2 distributed database 
• PC Windows/XP workstation 
• :gthemet .plant network 
• Zebra bar code printers 
• PSC scanners 

In the new process, each packaging line has a "Print & Apply" PC workstation that is networked via Ethernet with 
the ERP system. Jhe.PC is also connected to barcode scanners and printers on the product packaging lines. Each 
day at a specified time, data from the ERP system that is required for product packaging is distributed to the.local 
DBMS on the PC using Windows/XP Scheduled Tasks~ The production line operators also have the ability to 
refresh the distributed database at any time, should a new customer order requirement materialize. 

When it is time to nni the packaging line, the operator scans a barcode on a work order sheet identifying the product 
· to be run, or optionally, selects the product from the local database. The Print & Apply application retrieves the 

packaging information for that product and the appropriate label format templates for the printers on that line. The 
templates are populated with the dynamic data from the database, and with additional information entered by the 
line operator, ifnecessary. Then the print data streams are sent to the packaging line printers and verification data is . 
sent to the line verify scanner. As the product moves down the conveyor line, barcode labels are printed with the 

· packaging information and automatically applied to the boxes. If a wrap-around label is required, it is printed and 
· applied as well. 

Beyond.the printers on the conveyor line is the verify scanner. As the boxes move across this scanner, it checks to 
ensure that the expected label has been printed. If not, that box is routed off the main conveyor and an alarm is 
issued so that the packaging information can be corrected. 

The modular approach of the multi-tier architecture lends itself well to enhancements and modifications to the 
system. In fact, when development of the system began, the data tier was Jinked to a popular personal workstation 

. database. After prototype testing, the decision was made to upgrade the data tier to use an enterprise-class DBMS. 
This provided better performance and data administration capabilities, and positioned the Print & Apply system as 
an integration point on the plant floor for future applications. The change was easily accomplished and required no 
modifications to the other tiers of the solution. 

The company reviewed a prototype of the new system in late 2005, and is now in the process of moving ahead with 
the system on aU of the packaging lines of their manufacturing plants. The phased implementation is scheduled to 
begin in the spring of 2006 and should be completed by the end of summer. 

SUMMARY 
Visual Basic.net is a viable solution to replace older technologies used on the plant floor. It can be used to provide 
integration of business planning data, barcode and other plant equipment, and an easy-to-use graphical user 
interface. VB.net resolves problems and limitations of technologies most often in use today. The .net Framework 
implementation of Visual Studio provides VB.net with the ability to replace the proprietary software and C++ 
programming of earlier systems. It employs a multi-tiered application architecture which easily accommodates 
changes and additional requirements. · 

VB.net provides an environment where application maintenance and enhancements are much easier to perform than 
with traditional systems. It can serve as an integration point between ERP and MES to support new systems to 
improve supply chain performance. 
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PRELIMINARY ANALYSIS OF ACCESS GRID TECHNOLOGY EXPERIENCES IN 
CLASSROOM AND RESEARCH ENVIRONMENTS 

Terrance McKnight, James Washington, Nickolas Christopher and Tiki L. Suarez 
FloridaA & M University 

ABSTRACT 
. The· capabilities of technology has continuously grown as time has advanced; this growth has spawned a plethora of 

opportunities in the educational arena for a more efficient and effective means of teaching than those offered 
through traditional classroom ipethods. The Access Grid is an example of such means. This entity, used by over 
five hundred institutions worldwide, is a ·suite of hardware, software, and tools used to facilitate communication and 
collaboration via the Internet. This paper will show ways that Access Grid technology can be used in the classroom 
to enhance student learning experiences, as well as the advantages of such thorough research and data collection and 
analysis by collegiate-level students. 

INTR,ODUCTlON 
A full Access Grid node was installed at Florida A&M University in 2003 and has since facilitated classroom 
experiences and institutional research and collaboration. One prime example is FAMU's participation in the 2005 
Supercomputing ·Conference. We will discuss the experiences and perceptions of Access Grid technology use in 
classroom and research settings, and more specifically, a case study of FAMU's participation in Supercomputing 
Conference 2005 over the Access Grid. · 

LITERATURE REVIEW 
Every industry and institution in the world's educational and workplace environments are gradually moving towards 
globalization. This is because of the vast amount of knowledge that can be shared between counterparts normally 
unable to communicate with one another. Technology is the main ca~lyst used.to spur this globalization revolution. 
An example of a technological advancement used in this area is collaborative environments. Collaborative 
environments are defined as "a set of technologies that support the process of joint creation where individuals with 
coQJplement skills gain knowledge never possessed by any of them before (Gachev, 2005)." This technology 
basic.ally allows its users to access information from their counterparts simultaneously, instead of with time lapses 
that are found in other communication mediums, such as e.:mail. There are many forms of collaborative 
environments, the most prominent being Video ~onferencing, Groupware, and Access Grid Technology. 

Video Conferencing is defined on www.webopedia.com·as the act of"conducting a conference between two or more 
participants at different sites by using computer networks. to transmit audio and video data." The website 
www.atis.org defines Groupware as "network-compatible software applications that facilitate shared work on 
information and documents.", Access Grid Technology is a suite of hardware, software, and tools used to facilitate 
group-to-group communication and collaboration over the Internet (Suarez, 2005). It is described on 
www.accessgrid.org as "an ensemble of resources inclµding multimedia large-format displays, presentation and 
interactive environments, and interfaces to Grid middleware and to vi_sualization environments." Although all three 
technologies are used to achieve collaborative environments, Access Grid Technology, is the one that allows the 
environments to operate in the highest effectiveness and efficiency. Video Conferencing allows the users · to 

· communicate and see one another simultaneously (Suarez, McFadden and Benjamin, 2005). By definition, 
Groupware is any technological devices used to enhance a group environment (Suarez, McFadden and Benjamin, 
2005). Because Access Grid Technology appears to be more useful than its aforementioned counterparts, further 
discussion will be geared to its use and implementation. 

Access Grid Technology 
Access grid Technology was developed by the Futures Laboratory at Argonne National Laboratory and set up by the 
National Center for SuperComputing Applications Partnerships for Advanced Computational Infrastructure Alliance 
(Benjamin, Archibold and Suarez, 2004). This technology has become a part of the information technology influx 
that is being used to spurn the growth of globalization (currently, forty-seven countries has users of the 
technology)(Suarez, 2005). Access Grid Tec.hnology has been used for task forces and special committees, for 
organizations seeking to use the Delphi process; and expert panels (Suarez, McFadden and Benjamin, 2005). Access 
Grid technology uses a set of three projectors and a full projection screen to show images and workpapers of users. 
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This provides the users with a more compelling and interactive experience. Data information, files, and windows 
from students' personal computers can also be shown on the screens. Each node is consistently operated by at least 
one full-time node operator, though more than one is needed to effect~vely operate the node correctly. Typically, all 
of the users in one location will use the same Access Grid. Node. However, individual students can use a Personal 
Node (also referred to as a Personal Interface Grid), as long as their personal computers have the minimum system 
requirements, which include, but is not limited to, a Windows or Linux computer with a built-in sound card, 
microphone, headset, and a USB or Firewire video camera. 

The number of individuals meeting to use Access Grid Technology (AGT) can vary from three people in a small 
meeting to a global conference with a vast number of students, many of whom are in different time zones. This 
equipment allows students to be exposed to different methods of thought, varying levels of expertise, and 
simultaneous feedback, as well as take care of pertinent matters without much consideration to location and/or time. 
Additional features include: the ability to meet in a room-to-room type environment, to collaborate with people all 
over the world, and for other computer technologies to be used. The following factors are critical to the success of 
any Access Grid: technology resources, such as high-speed networks and control of technology; space to facilitate 
collaborative learning . environment; human resources, such as a high performing technical staff and motivated 
administration, faculty, and students; and proper monetary funding and training (Durden and Suarez, 2005). 

Access Grid Technology has a few · weaknesses; these weaknesses have hindered its usability, thus causing the 
implementation .process for the technology to be more arduous. An issue with time zones is the first weakness. 
Because the· users of the technology are often on different continents, it is sometimes difficult to find a time at which 
all or most parties would be awake or at the jobsite. Another weakness is the learning curve and training in which all 
users must overcome and go through in order to be able to effectively use the technology. Otherwise, users would 
probably use most of their meeting time instructing others in how to use the technology than actually getting any 
work done, cutting down efficiency. A third weakness would be that the user interface has been known to be 

. difficult to use, which would pose a problem for novice users and even more experienced users. 

Despite this, Access Grid Technology has several strengths that overshadow its weaknesses and the strengths of its 
counterparts. First, the technology can display multiple vie~s, allowing different cameras to be used at the same 
time. This allows user to have their counterparts view themselves and their workpapers simultaneously, two or more 
workpapers simultaneously, or any other combination needed to have an effective meeting. Second, the technology 
is not limited to just two sites, nor is it difficult for more than two sites to be used. Using four sites is just easy as 
using two, giving infinite possibilities to the number of sites and users that can be used. The last AGT strength 
provides no constraints on bandwidth, based on the infrastructure provided by the institution for which Access Grid 
Technology is being used . 

. CASE STUDY: CLASSROOM EXPERIENCE - SUPERCOMPUTING '05 
Super Computing Conference (SCl05) is the premier international conference on high performance computing, 
networking and storage and was held in November 2005 in Seattle, Washington (SC05, 2005). This conference 
consisted · of several programs. SC Global is one program that showcases high-end networking collaborative 
technologies such as Access Grid for presentations, panels and Birds-of-a- Feather virtual sessions. Another 
program entitled SC Desktop, created the opportunity for 'Virtual Attendees' to remotely participate in portions of 
the Technical Program using the same Access Grid Technology. SC Global consisted of approxupately 60 remote 
sites (termed constellation or satellite). Florida Agricultural and Mechanical University (F AMU) was one of the 
receiving pr satellite sites for this program. The SC Global program via FAMU's full Access Grid node was open to 
everyone on the campus including students, faculty, guests, etc. There were different times offered with different 
speakers for each time. In certain classes, such as the Introduction to Business Systems and Systems Theories and 
Design within the School of Business and Industry, students attended _the conference via SC Global and completed a 
survey on the conference afterward. · 

The survey given to students who utilized Access Grid Technology to view SCl05 was used to gage their knowledge 
of the technology and to see if the technology should be used as a tool in future classroom and research 
environments. Surveys were created using a five-point Likert scale where the students had to circle the number that 
corresponded to how they felt about each statement. The questions began· with the classification, gender, age, and 
major. This information was asked so that the results could be broken down for interpretation· and classification. 
Questions following this initial section were used to ascertain the level of technological expertise of each student. 
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Questions ranged from · how much they used email to how much knowledge of basic and more complex computer 
programs they possessed. Questions succeeding this information , were divided into four sections concerning 
perceptions and experiences with Access Grid Technology. These sections were: 

1. Statements relating to the students' feelings and intentions regarding the use of Access Grid 
Technology (AGT) in the classroom 

2. Statements relating to the students' perceptions of professors' attitudes toward the Access Grid 
Technology (AGT) initiative 

3. .Statements relating to students' _perceptions of the impact of the Access Grid Technology (AGT) 
system . 

4. Descriptive statements that referred to the students' overall evaluation of the impact of the Access 
Grid Technol_ogy (AGT) system 

Table 1: Access Grid Technology Survey Section Questions 

Section I Section 2 Section 3 Section 4 
Questions Questions Questions Question 

I believe AGT allowed 
me to interact with 
individuals I would not 
have been able to 
without using the 
technology. 

I ·believe that the AGT I believe that as a result My professor is 
implementation will 'result" in of the use of AGT: I aware of the 
improvements in FAMU's will be held benefits that can 
ability to compete with other accountable for my be achieved with 
institutions. assigned tasks/class. the use of AGT. 

I believe it will be easy I believe that the AGT I believe that as a result The AGT 
ofthe use of AGT: My initiative receives to view speakers, implementation will result in 

lectures and instructions, improvements in 
etc. that I need for my communication across 

performance will be strong support 
·more closely from · top 

class from AGT. functions, departments, mopitored. administration. 
schools? 

The four sections as shown in Table I introduced questions specifically pertaining to Access Grid technology. 
Some of the questions touched on the content of the presentations while others delved into the uses of the 
technology. Additional questions discussed Ac,cess Grid Technology in the classroom. Students were asked if they 
believed the technology could be used to help them with their assignments, if they believed that the technology 
would increase their learning, and if they thought the technology would be a success. Final questions asked how 
they believed the technology will affect the university. Questions such as how the AGT can assist with making the 
university a paperless institution and if the technology can help the University compete with other institutions of 
higher learning, were asked. 

RES£ARC_H RESULTS 
The Access Grid Technology survey was distributed to all students who attended the Supercomputing Conference 
2005 (SCl05) sessions in November. The test group consisted of ninety-seven students who completed and returned 
the survey. Of those students, forty-five percent were female and fifty-five percent were male. Sixty-two percent 
were f"rrst-year students, and fifty-six percent had utilized Video Conferencing Technology at least _once before; 
however, most students (more than forty-seven percent) used Access Grid Technology for the first time during the 
SC 2005 sessions. 

Figure I displays results of student's perceptions of Access Grid Technology from the completed survey. Th~ first 
key result is that eighty percent of students felt that the presentations during the Supercomputing Conference 2005 
provided an adequate overview and background of Access Grid Technology (Figure I), though fifty-two percent 
knew nothing of Access Grid Technology before the SC 2005 sessions. Second, there is a major trend of approval 
of Access Grid Technology in the classroom. The majority of students polled expressed approval of the use of AG 
Technology in a classroom setting, thus allowing students to interact with individuals they normally would not have 
been able to without AG Technology. · Third, more than fifty-seven percent of the students expressed that using AG 
Technology in the classroom for guest speakers and collaborative work would be easy for them; although only thirty 
percent said they would always try to use AG Technology when a task called for a collaborative environment. 
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Sixty-five .'percent of students stated that AG Technology wou_ld be easy to use to interact with others around the 
world. Lastly, sixty-three percent of the surveyed students said AG Technology implementation would result in 
improvements in their departments' or divisions' performance. 

Figure I: Survey Results 

Ill Utilized Access Grid Before ■ Felt the SCGlobal Presentations Provided Adequate Overview of AGT 
□ Felt AGT Implementation would improve their departments' performance D AG Technology would be easy to use to interact with people globally 

CONCLUSIONS AND FUTURE WORK 
Access Grid Technology has proven itself to be useful in classroom and collaborative environments. Its powerful 
combination of resources lends itself to being the foundation for future technologies and sets a new standard for 
virtual collaborative environments. However, the future of this technology cannot be ensured solely through its 
presence in the academic envfronment. It is important to introduce this technology not only students but ~lso 
faculty, administration and executives in order to advocate its usage. Student polls clearly reported strong approval 
for AG Technology even after only one experience in this environment. With this approval and the integration of 
Access Grid Technology into the classroom by faculty, there are no limits to future possibilities derived from Access 
Grid Technology. 
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CRITICAL SUCCESS FACTORS FOR SUCCESSFUL DEPLOYMENT AND IMPLEMENTATION OF 
ACCESS GRID TECHNOLOGY 

Andre Gaddis, Lyndon Dallas, Zachary Clay, LaJoy Mercer and Tiki L. Suarez 
Florida A&M University 

ABSTRACT 
. In this paper, we identify and evaluate Critical Success Factors for successful deployment and implementation of 
Access Grid Technology. We use two case studies to illustrate the usefulness of this collaborate environment and 
explore the issues that must be ~ddressed to ensure the successful utilization of this revolutionary technology. 

INTRODUCTION 
Access Grid Technology (AccessGrid, 200 I) has proven to be a much-needed resource -for the advancement and 
improvement of business, research, and educational collaboration. The technology allows academic, research and 
corporate institutions to bring together individuals and/or groups in remote locations over the Web. This study 
provides an · overview of Access Gri,d Technology and t}:le ' various technology components that comprise it. 
Furthermore, this study examines the effects of human and technology resources, and facility space on Access Grid 
Technology. Lastly, this study examines how Access Grid Technology can enhance collaborative environments. 

LITERATURE OVERVIEW 
Access Grid Technology 
The realm in which Access Grid Technology can positively affect th~ field of education is truly limitless. 
Collaborative environments are nothing new to the world of education. They are playing bigger roles in education as 
colleges and universities look to maximize research and secondary educational opportunities to give their student 
body access to the latest technological advances. Access Grid technology (AGT) is a collaborative environment 
unparallel to any other because of takes virtual learning to the next (Benjamin, Archibold and Suarez, 2004). It 
accomplishes this task by not only using video conferencing type interaction ·but also enables the distribution on 
information so that all parties can be on the same page, as it results to the subject matter at hand. By using high-end 
video and audio technology parties all access the world can interact and' disseminate research throughout the world 
(Suarez, 2005). By including AG technology effectively, one can -enhance learning by erasing distance and 
collaborating in areas like research to increase the overall educational experience. : 

The Access Grid can be thought of as video con'ferencing ''taken to the next level". It is a collaborative environment 
that operates over high-speed networks and lets people. connect ali · over the country virtually (AccessGrid, 200 I). 
The design focus is on group-to-group communication, in contrast to more desktop-orientated systems that are more 
individual-to-individual oriented. The main aim of the Access Grid is to provide an effective environment for remote 
group-to-group collaborations (University of Queensland, 2003). Access_ Grid technology provides a sense of 
presence to approach that experienced dutjng face-to-face meetings. It is a collaborative technology that brings 
people together in a virtual venue and allows them to share information at the same time. 
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Components · . _ . . 
The most important feature of Access Grid technology is an emphasis on natural high quality sound that gives an 
authentic feel to the :experience. Good audio is a pre-requisite for successful remote collaboration. A large display 
(typically a whole wall) allows the potentially huge number of participants to be seen simultaneously and also to 
show . life-size images . of people so that non-verbal cues, such as body language, may be utilized (Suarez, 2005). 
Multiple cameras are used to capture all the activity in the room. Many Access Grid nodes use four cameras. This 
means that it is possible to obtain better views of participants. Collaborative software allows participants to view and 
manipulate data together (Durden and Suarez, 2005). This can be essential in the exchange of information-like 
PowerPoq1t presentations and research papers, so that everyone can have access to thes~ pieces of iii formation. 

The Access Grid is continually developing in response to its users' needs (Suarez, McFadden and Benjamin, 2005) .. 
Its focus is on collaboration and providing the most realistic settings and most functional tools. In the past, Access 
Grid capabilities can be seen through the efforts of technology like teleconferencing and videoconferencing. 
Currently AGJ is.used for seminars, lectures, large and small meetings, and tutorials. 

CASE STUDIES 
Case Study #1 - AG' Executive Awareness Event . , 
The ·Minority Serving· Institution Network (MSIN) provides an en_try point for new users in Historically Black 
Colleges and Uni"versities (HBCUs), Hispanic Serving Institutions (HSls), Tribal Colleges and Universities (TCUs) 
and Alaskan -and Hawaiian institutions that desire seamless participation in cyberinfrastructure activities. MSIN 
communities :have had some trepidation to using or learning about high performance computing (HPC) in the past. 
Thus the MSI Network offers training and education activities that are and relevant to research and problem solving. 
Ten universities and research institutions within the Minority S~rving Institutions Networks hosted an Executive 
Awareness Event on . October 20, 2004. The event was created to promote the awareness of Access Grid 
Technology on each of the participant's respective campuses. Furthermore the event was used as a platform for 
senior level administrators and faculty to discuss how emerging technologies such as the Access Grid have effected 
campus operations, re~earch and teaching at MSis. This event served as an open discussion between MSis, 
supercomputing centers and major research institutions. 

Approximately six months after the event, an evaluation survey was issued to the MSIN liaisons a the participating 
universities and research institutions that attended the Executive Awareness Event on October 20, 2004. The ten 
institutions included Florida International University, TACC, NCSA, North Carolina A&T, Howard University, 
University of Hawaii, Winston-Salem · University, Florida A&M University, Bethune Cookman College, Clark 
Atlanta University. The breakdown of participants is displayed in Figure 2. These institutions provided the 
following feedback from their experience of the event. Florida A&M held the highest in attendance with twenty
seven participants and the University of Hawaii had only one individual, but on average the universities had 7 to 8 
participants attend. 
The event held: 

• 38% Executives and Administrators 
• 32% Faculty and Staff 
• 19% Researchers 
• 9% Students 

With a successful showcase and participation, data received from the evaluations -showed that seven of the ten 
institutions had positive experiences from the event. These institutions also felt that the event heightened their 
awareness of the Access Grid technology and informed them of the cyberinfrastructure and collaborative activities 
within the MSI community abroad. The other three institutions revealed that their experience was not as insightful,. 
but they also did not have a successful showcase or the desired participation. _ 
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Figure 2: Breakdown of Executive Awar~ness Event Participants 
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Institutions 

Results from the survey showed that the actual usage of the AG technology occurs more frequently on weekly bases. 
Seventy percent of the institutions replied that they use the technology on a weekly basis, while twenty percent 
stated they utilized AGT on a daily basis, and only ten percent stated they used AGT approximately once a month. 
Among many institutions their primary purpose for _the AG technology falls within four categorizes ofuse: 

• Distance Education and Online Leaming 
• Administrative meetings, Board of Trustee Meetings, Large conferences, etc. 
• Research meetings, training sessions and tutorials 
• Computer and visualization modeling, 3D graphical simulations, demonstrations, etc 

These institutions rated their primary uses of the technology in terms of utilization prior to the Executive Awareness 
Event. On a scale of I to 4 with 1 = having the lowest utilization and 4= having the highest utilization, most of the 
institutions on average applied their uses as follows: 

• 4- Research meetings, training sessions and tutorials _ 
• 3-Administrative meetings, Board of Trustee M~etings, Large conferences, etc. 
• 2/1-Computer and visualization modeling, 3D graphical simulations, demonstrations etc. 
• 2/1-Distance Education/Online Leaming 

Figure 3 displays each institution's utilization ranking. Most institutions stated the AGT was primarily used for 
research meetings, training sessions and tutorials. Administrative meetings, Board of Trustee meetings, and large 
conferences was ranked second. Leaving computer and visualization modeling, 3D graphical simulations, 
demonstrations, etc. and Distance EducatiotVOnline Leaming both coming in third. 
Furthermore, nine out of the ten institutions continued using the technology in the same manner after the awareness 
event the data concludes that they were more informed of its uses. · 
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Figure 3: Primary Purpose for using Access Grid Technology 
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-Successful deployment and implementation of Access Grid Technology is shown to have a direct affect on the how 
often the technology is utilized in classroom and research environments. Three primary critical success factors 
(CSFs) have been identified to determine successful deployment and imple!Ilentation: 

1. Implementation of human resources, 
2. Technology resources 
3. And facility space. 

The objective of this case study is to develop understanding of how these three CSFs affect the survival of AG 
technology. The study examines critical success factors that play a part in the survival and advancement of AG 
technology and how AG technology can enhance collaborative environments, while attempting to provide effective 
marketiJ:ig and deployment resources for first-time institutions. 

A survey was administered t9 individuals at universities and research institutions that have utilized AG technology 
at least 3 years and approximately 11-20 times a month. Most of the individuals who completed the survey were 
members of the Access Grid Documentation Project (AGDP) www.accessgrid.org). The survey was administered 
via email and consisted of background questions related to human resources, technology resources, and facility 
space for successful deployment. The survey questions were structured to accomplish the following: · 

• Identify and examine critical success factors for AG technology through human resources, technology 
resources, and facility space for successful deployment. 

• Provide an accurate assessment of what new institution can do based off prior experience and knowledge of 
institutions that were surveyed. 

• Identify how AG technology enhances collaborative environments. 

RESEARCH RESULTS 
As a result from the data received from the evaluations, there seemed to be a positive correlation ·between the 
success of the showcase, and an increase of the institutions participation and awareness of Access Grid Technology 
and _cyberinfrastructure. Figure 2 is a breakdown of the members within the survey, with 70% of the Access Grid 
Technology primarily operated among executives, administrators, faculty, and staff. Primary utilization of AGT 
included research meetings, training sessions, and tutorials. Research results also displayed that distance education 
and online learning were rated as the method least used by AG participants. · 
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In response to survey questions, I 00% of respondents feel that their institutions actively contribute to AG 
technology community and documentation (mailing lists, latest versions, documentation, etc.), while only 12.5% 
rank their institution' s involvement in high performance computing and grid technologies research as being high, 
with 50% and 37.5% ranking their institution's involvement as moderate and low, respectively. Survey respondents 
ranked Critical Su~cess Factors (CSF) for successful deployment of AG Technology as follows: 

Table I: Ranking of Critical Success Factors 

Rank CSF 
1/2 Human Resources in terms of backing by administration/executives at institution 
1/2 Human Resources in terms of Technical Staff 
3/4 Technology Resources in terms of Money to fully develop and maintain AG technology 
3/4 Space for placement of AG technology 

As displayed in Figure 3, 63% of institutions concluded that primarily faculty and staff used AG technology; 
researchers conduct approximately half of the se~ondary 'use, with Executives/ Administrators and Student 
Organizations fulfilling the remaining usage. · 
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CONCLUSIONS AND FUTURE WORK 
Access Grid Technology is an excellent tool that can be used to create collaborative environments to allow group-to
group communication all over the world. However, correct implementation and deployment of this technology is 
vital to the success of its utilization in classroom and research environments. Furthermore, additional and continual 
education of how to correctly operate this technology is just as paramount in its overall success. Experiences similar 
to the Executive Awareness Event and Access Grid Retreat must continue to provide tutorials and seminars to 
educate others on how to use this technology within research and classroom environments. Programs such as these 
are extremely useful with heightening awareness of the multiple uses of the AG technology. 
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VOICE OVER IP (VOiP): A FEASIBILITY STUDY FOR.FLORIDA A&M UNIVERSITY 

Michel Filemon, Laketa Poindexter and Tiki L. Suarez 
Florida A & M University 

ABSTRACT 
The emergence of Voice over IP (VoIP) is revolutionizing modern communications. VoIP takes communication to 

. the next level, allowing voice conversations over the Internet. It also has clear advantages over the traditional 
telephone system. In this paper we discuss the benefits of VoIP as it relates to its implementation at Florida 
Agricultural and Mechanical U!]iversity (F AMU). 

INTRODUCTION 
The data from our research confirms that VoIP has definite advantages over the conventional telephone system. 
Some of these advantages include: lower costs per call, lower infrastructure costs, and its "future poof' because of 
its capability to be easily upgraded. These undeniable advantages make VoIP worth implementing at Florida A&M 
University. 

LITERATURE OVERVIEW:.WHAT IS VOiP? 
The VOiP Technology 
Voice over Internet Protocol (VoIP) technology allows you to make phone calls just as you would over a traditional 
telephone line. These calls are made using either a computer that has · a high speed Internet connection or a 
telephone to an adapter that is connected with the high speed Internet. . The difference with VoIP is that the 
infomiation is converted to digital data, sent, and then converted back can be received from anyone with a regular 
telephone number. The phone call travels from your local telephone company, to your VoIP provider, to the called 
party's local telephone company. VoIP calls can be made to traditional telephone users anywhere around the world 
(FCC, 2006). Figure I illustrates the travel of the digital data when utilizing VoIP. There is even a VoIP GSM 
Gateway that enables direct routing between IP, digital, analog and GSM networks (a network utilized by many cell 
phone providers). . 

Figure I : VoIP Digital Transmission 

Voice over Internet Protocol (VoIP) is a form of voice transmittal using the Internet. It involves network 
convergence, Voice and Data Integration. Transmission Control Protocol/Internet Protocol (TCP/IP) is the 
technology that essentially comprises the World Wide Web by enabling communications to devices within local and 
wide area networks (VoIP-calculator.com, 2004). The World Wide Web is a service that enables users to aecess 
data over the internet. VoIP is an innovative application for IP, because the protocol was not developed with real 
time information in mind; such as voice or video. Therefore, many of the technological aspects of VoIP are not 
reliable due to the protocol capabilities. 

The protocols involved in VoIP structure a layered model that can be compared to the International Standards 
Organization's seven-layer model (VoIP-caclulator.com, 2004. As each layer contributes to the transmittal process, 
the layers add headers to beginning of the information that is to be communicated. Each layer compiles a complete 
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packet of information that includes both the header and the digital data. That packet is then sent to the next layer to 
be processed. · 

The Regulations 
The Federal ·communications Commission (FCC) places minimal regulations on the technology. The FCC notified 
the United States of its proposed rulemaking for VoIP, hoping to put public safety, emergency 911, law enforcement 
access, consumer protections, and disability access mechanisms into place. The FCC Chairman Kevin J. Martin has 
already announced a Task Force as the VoIP Enhanced· 911 (E911) enforcement of the FCC's VoIP E91 l rules 
(FCC, 2006). Federal Communications Commission VoIP E9 l l rules state that VoIP provi_ders are required to: 

• Deliver all 911 calls to the customer's local emergency operator; 
• Give the emergency operators the call back number and location information of their customers where the 

emergency operator is capable of receiving it; and 
• Inform their customers of their E911 capabjlities and limitations of their service. 

It is important for VoIP to have these regulations in order to offer the usual . securities that are offered through the 
traditional telephone system. VoIP is said to offer more possibilities and must be able to offer the basic securities•in 
order for the technology· to become ubiquitous and able to b~ used by companies that may be liable for others' 
d~ I 

· The Phones 
Organizations opting to upgrade to VoIP capabilities have two categories of "phones" to choose from: hard phones 
and soft phones. In addition, there are different types of hard phones and soft phones. A broadband hard phone is 
similar to an ordinary phone, but instead of the usual phone jack, it has an Ethernet port through which it 
communicates directly with a VoIP server, VoIP gateway or another VoIP phone. The phone communicates directly 

· with a VoIP server, VoIP gateway or another VoIP phone it does not require any PC or any software running on a 
· PC to make or receive VoIP phone calls. In this instance, all that is required is Internet connection. There are also 
cordless hard phones available with either IP interface or USB interface on their base station. A dialup hard phone 
is a hard phone with a built-in modem instead of the Ethernet port. It 'connects through the modem via a dialup 
Internet service to a remote VoIP server. A~ with the broadband hard phone, the dialup hard phone does not require 
a PC or software to be running in order to be enabled. All that is required is a phone line and a dialup Internet 
account. Dialup hard phones are most common in countries where there is limited broadband infrastructure. VoIP 
units are also available for conference calls. These provide the same services as regular conference calling 
telephone systems, but also allow users to coordinate data communication services using display devices such as a 

. whiteboard that displays on computer monitors at both ends. Examples of hard phones can be found in Figure 2 and 
examples of soft phones can be found in Figure 3 (inphonex.com, 2006). 

Figure 2: VoIP Hard Phones 
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Figure 3: VoIP Soft Phones 

The phrase softphone refers to an IP telephone in software and is installed on a PC to function as an IP phone. Of 
course, with the use of PCs, appropriate audio hardware is required. This can be either a· sound card with speakers 
or earphones and a microphone, or a USB phone set. There are also soft phones available with video telephony 
support. In general, soft phones are inferior to hard phones b~t are easier to obtain, oftentimes being available for 
free download from the Internet. 

With many organizations currently supporting wireless local area networks (WLAN) and wireless-fidelity (WiFi), 
some may opt tc>'upgrade to a WLAN or WiFi hard phone. This particular telephone has a built-in WiFi transceiver 
unit instead of an Ethernet port. It connects to a WiFi base station and from there to a remote VoIP server. Similar 
to the phones previously mentioned, it does not require a PC ,or software to be run; the only thing needed is access to 
a WiFi base station. Some organizations may choose to upgrade to the hard phones with video telephony support 
that provide both voice and video. 

Organizations who wish to retain their current telephones can use adapters. As with telephones, there are also two 
categories of adapters: Analog telephone adapters (A TAs) and digital telephone adapters (DT As). Since analog 
telephones are the most widely used, we will discuss in-depth the analog adapters. The most common analog 
adapter, known as a FXS to Ethernet gateway, is a device. with at le~t one telephone jack (FXS port) used to 
connect a conventional telephone and Ethernet jack used to connect the adapter to the LAN. Using such an ATA 
makes it possible to connect a conventional phone to a remote VoIP server. The AT A communicates with the VoIP 
server · using a standard protocol and encodes and decodes the signal using a voice compressor/decompressor 
(CODEC). This particular adapter does not require any. software to be run. The other options for digital phone 
adapters are the FXS to dialup adapter, which also does not require any software, and the FXS to USB adapter, 
which requires both software such as a softphone, and driver software. 

FAMU CASE ANA YLSIS 
Although the school has recently upgraded some of its information technology equipment and capabilities, the 
equipment being used by the school for the telephone system dates back to the 1960s (Perry, 2006). As it would be 
expected, the passing of time has brought some wear and tear to this equipment. Although major side effects have 
been avoided, the old apparatus leaves the school open to possible t~lecommunications issues. Rather than simply 
updating these phone lines, F AMU would gain more benefits and higher returns on its investment by upgrading to 
VoIP. 

The most negative aspect of the current telephone system is its cost. Presently, F AMU has approximately 6,000 
telephones and pay $18 per month for each line. This equates to approximately $108,000 per month in 
telecommunications costs. Included in the monthly charge is the fact .that F AMU must pay the telephone company 
for using its _ switches. Furthermore, the school incurs additional ·charges whenever a current user relocates, and 
whenever a new user is given telephone access. When these charges, along with the $108,000 per month is added to 
the school's other IT costs (e.g. Internet), FAMU's communications expenditures rise to a total ·of approximately $2 
million per year (Perry, 2006). Both the cost of the switch and the additional charges brought about by the addition 
of new lines can be avoided with VoIP. These savings and others will be discussed later. 

The high annual costs incurred by F AMU can be vastly decreased with the implementation of VoIP. In its 
Enterprise Resource Planning and ManagementRepoit for fiscal year 2000-2001, the school's Information Resource 
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Management team stated that it was "engaged in the development of a pilot to explore the feasibility of adoption" of 
the technology (SUS 17). - Five years -later, the school continues to analyze the benefits and feasibility of 
implementing VoIP. _ Basic research and analysis reveals the benefits of the revolutionary technology as well as the 
school's readiness for its adoption. 

While the '· school's communications system as a whole can be considered as being average, its networking 
capabilities rivals that of any other school in Florida and even the entire country. By 2001, the backbone technology 
being used by the school was OC3 Asynchronous Transfer Mode (A TM), which uses fiber and allows for 
connection speeds of up to 155 mbps. In November 2004, FAMU's backbone was upgraded to IO'Gbps Ethernet. 
Also at that time, a total 25 buildings had been networked with fiber. In addition, 22 of those buildings were wired 
to the campus backbone using a wireless network indoor/outdoor solution (SUS, 87). Currently, the entire main 
campus, including the dormitories, is covered under the wireless umbrella, providing seamless connectivity for 
students and staff. With such a backbone in place, the school also has the ability to integrate voice, video, and data 
services over its .campus network. 

RESEARCH RESULTS & ANALYSIS 
The implementation o'r'VoIP at F AMU would provide the school with numerous benefits-both in the short-term 
and the long-term. _ Although an analysis of the project reveals an imposing initial outlay, the future payoff far 
outweighs the cost. A breakeven and return on investment analysis performed by a third party reveals a payback 
period of 4-6 years, and cost savings of $1.5 million in 5 years and $6 million in IO years. Included in these savings 
are the fact that calls between campuses and others on the same network will be free, long distance charges to those 
not on the same network will be decreased, and the possibility of F AMU owning its own telephone switch instead of 
having to pay recurring fees to a telephone company to utilize its switch (Perry, 2006). 

On a minor scale, FAMU recently experienced the cost savings provided by VoIP. Within the last 12 months, the 
school has implemented network and telecommunication networks in four new buildings. Two of the buildings were 
wired with traditional telephone systems and two were wired for VoIP. At the completion of the installations, the 
two buildings wired for VoIP saved the university 25% in ne~ork cabling costs (Perry, 2006). 

FAMU's telecommunications support costs will also be greatly reduced bythis new system. For example, under the 
current system, when a faculty or staff member relocates, the school must either add a new line, or incur great re
wiring (labor) costs because h~dware modifications must be made. Such costs are removed with VoIP because the 
user retains the same phone number since the number is attached to that phone as it is on the network. As long as 
the user keeps the same phone, the number follows him/her regardless of campus location (Hunter et al, 2006). 

VoIP can provide the university many non-monetary benefits over the current telephone network. Some of these 
benefits include _"endless" capacity, improved current features, notable new features, and the ability to connect with 
instant messaging and email (Hunter et al, 2006). While this list is not exhaustive, it does provide valid re~ons to 
choose VoIP over the current phone system. 

One of the major issues facing F AMU and almost every organization using the traditional phone system is the 
possibility of running out of lines for new numbers and the high cost of adding new lines . . Because VoIP would run 
over the school's fiber network, capacity would not be an issue. Individuals would be able to have a private line as 
long as they have a telephone and available Internet connection (Hunter et al, 2006). Even more attractive is the fact 
that the school can choose to implement VoIP over its wireless network. In doing so, on-campus users will be able 
to utilize their telephone as they currently use their laptops. 

Another intriguing upgrade brought about by VoIP is the enhanced capabilities of conference calls. VoIP 
conference calls will resemble Internet chat rooms. Users can be invited to join a conference, disconnected from it, 
temporarily muted, or participate in private conversations. Calls may also be_ easily transferred with the new system. 
Offices such as the financial aid office, or any office that receives a high number of calls, ~d then has to redirect 
them, would greatly benefit from this upgrade (Hunter et al, 2006). 

Probably the most interesting new feature added by implementing VoIP · is unified messaging (UM). With UM, 
users have access to email, voice mail, and faxes either through a computer or a telephone. In -short, users will be 
able to retrieve voicemail delivered as email attachments via their computers, and email messages converted to , , 
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speech via their telephones, increasing the likelihood of calls and messages being received (Unified Messaging, 
2005). 

While VoIP provides many benefits, it does come with certain drawbacks. The most imminent of these setbacks is 
the initial outlay required for implementation. In addition to the costs of bringing in new equipment, the current 
equipment must ~e removed, increasing labor costs. The initial outlay also includes the cost of new VoIP 
telephones. While the most advanced traditional phones may cost a bit over $100, VoIP phones, which must possess 
the ability to encode and decode voice communications to and from data packets, can cost several hundred dollars 

. (Hunter et al, 2006). 

Other disadvantages of VoIP have to do with its susceptibility to viruses and problems with quality of service (QoS). 
VoIP, as with all data networks, can also be attacked by viruses and hackers (Hunter et al, 2006). Viruses can ruin 
the entire network-telephones and computers, while outsiders can hack into the network and listen in on 
conversations. As mentioned earlier, QoS problems can include delay, accurate delivery of data, and packet loss. 
While the disadvantages of VoIP must be noted, they are being resolved, and should not deter the school from 
implementing the technology. As the learning curve flattens, the product cost will decrease and performance will be 
improved. 

CONCLUSIONS AND FUTURE WORK 
Our research proposes that F AMU should switch to VoIP rather than upgrade the current system. Although the cost 
of such an implementation may seem appalling~ falling prices, the school's current Internet capabilities, and the 
benefits provided by the technology make its implementation both attractive and feasible. 

F AMU can implement VoIP in its dormitories, police station, financial aid, and in faculty offices. Giving the 
dormitories VoIP technology allows the students the ability to call home for free (if soft phones are used) and keep 
in touch with family and friends. This could be a major perk for any incoming freshmen. Higher security is also a 
perk for those worried parents sending their children away for the first time. VoIP makes it easier to pinpoint 
specific locations in a large building from which any emergency calls are inade, making faster police and fire 
responses. Financial Aid would also benefit from the use of VoIP. Because the information being sent is digital, 
VoIP can synchronize itself with other digital information, making it possible for Financial Aid to instantly display 
the caller's financial aid information upon receiving the phone call Professors use VoIP in a similar way as 
financial aid, pulling up any grades or other student information upon a phone call. · 

VoIP provides several additional advantages over the traditional system, offering greater convenience with more 
capabilities. The most important advantage is the abundance of potential cost savings. Furthermore, in this age of 
technology, it would certainly benefit F AMU to upgrade its telephone system to one that can be upgraded in the 
future with little or no cost. · 

REFERENCES 

"FCC Announces Joint Federal/State VoIP Enhanced 911 Enforcement Task Force" Federal Communications 
Commission 2006. 25 July 2005. <http://www.fcc.gov/voip/> 

"Frequently Asked Questions" Federal Communications Commission 2006. <http://www.fcc.gov/voip/> 

Hunter, Jeff et al. VoIP at CWRU Feasibility Report. 2002. CWRU VoIP Team. 
March 2006 < http://home.cwru.edu/~ttn/benefits.html> 

"IP Phone Configuration Guides and Software Downloads" Inphonex.com 2006. 
<http://www.inphonex.com/support/phones.php> . 

Perry, Kenneth. Personal Interview. 8 Feb. 2006. 

Powell, Michael K. The Age of Personal Communications: Power to the People. 2006. 14 Jan 2004. 
<http://www.fcc.gov/voip/> 

627 



Proceedings of the 2006 IEMS Conference 

SUS Enterprise Resource Planning & Management Report FY 2000-2001. State , 
University System ofFlorida. 2005. 22 Feb 2006 
< http://www.fldcu.org/borpubs/annrpt0l .pdf> 

"Unified Messaging." Computer Desktop Encyclopedia. Computer Language Company Inc., 2005. Answers.com 
10 Mar. 2006. <http://www.answers.com/topic/unified-messaging> 

VoIP Drivers (white paper). VoIP Calculator 2004. voip-calculator.com. 23 July 2004. <http://www.voip-
calculator.com/drivers.html> .. --

"VoIP GSM Gateways" Arte Marketing, Inc. 2003-2005. voip-info.org. Mar 2006. <http://www.voip
info.org/wiki/viewNOIP+GSM+Gateways> 

VoIP Protocols (white paper). VoIP Calculator 2004. voip-calculator.com. 23 July 2004. <http://www.voip
calculator.com/protocols.html>. 

628 



IDENTIFICATION AND PRIORITIZATION OF KEY ORGANIZATIONAL FACTORS IN TERMS OF 
RAPID TECHNOLOGY ASSIMILATION IN A CYPRIOT ORGANIZATION 

Constantine Kontoghiorghes and Panayiota Kyriacou 
Cyprus International Institute of Management 

ABSTRACT 

The main purpose of this study was to identify, prioritize and describe the key organizational factors 
that could facilitate or prohibit rapid technology assimilation in a broadcasting organization in Cyprus. 
Further, this study attempted to examine the association between rapid technology assimilation and 
bottom-line organizational performance. In all, rapid technology assimilation was found to be 
strongly associated with numerous bottom-line performance indicators, such as organizational 

-competitiveness, quality, productivity, and innovation. It was also found to be highly associated with 
a number of climate and cultural characteristics. The multiple regression analysis found organizational 
flexibility, effective knowledge management, the core value of integrity, and the extent to which the 
organization is functioning as a system which is·quick to respond to outside threats and opportunities 
as the strongest predictors of rapid technology assimilation~ 
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