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The Value of Metrics in Corporate Decision Making

Gordon W. Arbogast, Don Covey, Daniel Butler
Jacksonville University

garboga@ju.edu
 

 Abstract 

Establishing and monitoring appropriate 
performance metrics is vital to success in 
business.  Performance metrics are tools that 
link vision, objectives, strategies, execution, and 
evaluation to improve business results.  Data-
based decision-making uses metrics and data 
analysis techniques to determine if business 
strategies and tactics are producing the intended 
result.  They allow an organization to measure 
change and plan for the future. 

This paper reviews the value of using 
business metrics in decision-making and 
includes an applied strategic research analysis 
where the data analysis produces a result that is 
counterintuitive to what one might have 
predicted.  The research analysis project is based 
on a set of data gathered from a major health 
organization in Florida (COMPANY X).  It 
includes factors which pertain to claims received 
over a five-year period and how these factors 
may impact the customer’s satisfaction rating.  
The focus of the analysis is to determine the 
extent of the impact of these factors on customer 
satisfaction.  The customers are the doctors and 
health care facilities that submit the claims to 
COMPANY X.  The data factors for analysis 
are: (1) the claim automation rate, (2) electronic 
claims transmission interface rate (ETI), (3) 
claim rework rate, and (4) the problem ticket 
submission rate.  In a regression analysis, it is 
shown how changes in these four independent 
factors may affect customer satisfaction.  The 
results suggest a strategic focus that COMPANY 
X could take that might have the most positive 
impact on customer satisfaction. It was 

determined that automation may be the most 
effective way to affect customer satisfaction.

1. Background
No one less than The “Father of 

Management”, Peter Drucker, has been an 
ardent proponent of performance metrics.  
Drucker aptly stated that “you can’t manage 
what you can’t measure” and “what’s measured 
improves” (Smith, 2008).  Drucker and other 
eminent management gurus have been emphatic 
over the years that the value of using sound data 
for decision-making cannot be overstated.  

Extensive research in consumer 
behavior suggests that decision-making is a 
process of information processing and 
evaluation from which preferences result. 
(Bettman, Luce, Payne, 1998)  The bottom-up, 
data-driven mode     refers to information 
processing that is driven by the attention to 
salient, concrete data rather than guided by one’s 
preexisting theories and goals.  In contrast, the 
top-down processing is directed by a person’s 
existing knowledge and goal structures. (Liu, 
2008)  Many times, such tribal knowledge can 
obscure the facts and a poor decision may occur.  
Whether a result of intuition or a common sense 
conclusion, the presumed answer may or may 
not be correct.  Indeed, sometimes a valid 
answer that arises can be counterintuitive to the 
analyst’s expectations.  This is why accurate 
metrics data is absolutely essential in decision-
making.  An analyst who can use real data and 
facts has a greater opportunity to make an 
accurate assessment and subsequently choose 
the appropriate strategy.  When metrics are 
found to provide meaningful data to the analysis 
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at hand, then metrics-based analysis can provide 
meaningful and insightful value in the decision-
making process.

Metric measurement and analysis is an 
important practice in business.  Its value is 
considerable in firms that have successfully 
implemented a metrics program, such as 
Motorola and the Contel Corporation (Pfleeger, 
1993).   The metrics provided are used by the 
organization to focus on key process areas that 
need monitoring or improvement within the 
organization (Gopal, Mukhopadhyay, Krishnan, 
2005).  Research has shown that unsuccessful 
use of metrics is commonly due to organization 
and managerial problems.  Metrics that receive 
the most attention in businesses are financial and 
accounting metrics, primarily because they are 
required by law for tax and other external 
reporting purposes (Smith, Gassman & Decker, 
2007).  Successful use of metrics programs 
represents strategic organizational leadership 
and a cultural initiative.  Such innovative 
practices and programs result from a highly 
complex organizational environment driven by 
strong institutions in the industry, such as in the 
healthcare insurance industry.  Firms that 
conform to prevalent institutional norms are 
seen as being more legitimate and progressive in 
a given industry (Meyer and Rowan, 1983).  
Within the organization, the support of upper 
management, resource availability, 
communication, and the need for adequate 
feedback from the stakeholders in a program 
increase the probability of successful use of 
metrics for analyzing technical and 
organizational factors.  Other dimensions of 
successful use of metrics that have been reported 
are enhanced speed of decision-making and 
improved quality of decisions.

    The right metrics can turn data into 
information and make it easier to translate vision 
into action and action into intended results 
(Smith, 2008).  If metrics are to achieve their 
potential, a structured approach should be 
adopted to ensure that selected metrics support 

management’s vision, objectives, strategy and 
related activities (i.e., execution).  In this regard  
a strategy map, Balanced Scorecard or Gartner’s 
Business Value Framework should be 
considered in the development of metrics to 
drive business success.  Each provides a broad 
structure and strategic approach to the creation 
of metrics, ensuring that all components of the 
strategic plan are addressed and that the selected 
metrics are appropriately aligned with stated 
business objectives (Smith, Rayner & Burton, 
2006).
            The balanced scorecard (BSC) is a 
particularly good way to measure performance 
because the customer perspectives (satisfaction), 
learning and growth, internal business processes 
and financial measures are used as the four 
component indicators.  The metrics that go into 
the BSC have made it a very useful tool that can 
be implemented at the corporate, strategic 
business unit, department, shared-service and 
even individual levels by hundreds of 
organizations worldwide, including the business 
and healthcare sectors, by both private and 
public enterprises, and it can significantly 
influencing the progress of these organizations 
in pursuing quality. (Wu, WH, Lin, CT, Pang, 
KH. 2009)  In the book, Results-Based 
Leadership, the authors stress the use of a 
balanced approach to best business practices to 
obtain the desired results. (Ulrich, Zenger, 
Smallwood, 1999)   The key to successful data-
driven decision-making is to start with the right 
questions, and then find   a process to allow one 
to answer them, and collect appropriate metrics 
for analysis. (Schaffhausen, 2008)  The results 
of such a metrics-driven analysis, as the project 
will demonstrate, are an important part of a 
corporate or business balanced scorecard.  
        Gartner’s Business Value Model is another 
form of strategy map for measuring business 
performance.  It too shows how a metrics 
framework can be defined to link performance 
measurements across all aspects of business 
activities.  The Business Value Model is made 
up of leading indicators of financial results.  
These indicators – demand management 
(revenue), supply management (cost of goods 
sold) and support services (operating costs) -- 
cascade down in relation to financial objectives, 
and further into componentized, activity-
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centered measures.  As an example, ‘demand 
management’ which drives revenue includes 
metrics tied to market responsiveness, sales 
effectiveness and product development 
effectiveness, which in turn are influenced at the 
operational level by time to qualify a sales lead, 
time to identify a decision maker and time to 
propose a sale.  The Business Value Model is 
designed to help managers understand all 
aspects of a given strategy and to establish 
objective criteria for testing strategy execution 
(Smith & Mack, 2006).

2. Problem Statement

COMPANY X has been seeking 
effective ways to cut administrative costs in 
health care insurance.  Until now the focus    of 
the company has been to cut costs by a series of 
actions in several areas i.e. by improving the 
automation of claims-processing, by increasing 
the rate of claims received electronically, and by 
reducing the number of claims.  These efforts 
were undertaken with the assumption that by 
improving customer satisfaction, the customer 
would be more willing to work with 
COMPANY X at a lower cost than an unhappy 
customer.  There was also data available on each 
of the three factors, but there had not been any 
quantitative analysis performed to support this 
assumption.  

In support of the assumption above, 
there were also managers in COMPANY X that 
felt that the best way to satisfy customers was to 
reduce the amount of problems that they were 
experiencing as tracked by problem tickets.  
COMPANY X was anticipating expending 
significant capital funds in efforts to reduce the 
problem ticket rate. Again this was without any 
quantitative analysis.  It was believed that a 
decrease in the problem ticket rate would result 
in increased customer satisfaction.  

This research analysis undertaken was 
intended to test the belief that a reduction in 
problem tickets submitted by the customers will 
result in an improvement or increase in the 
satisfaction level of the customers.  Since the 
other three factors are also deemed to be 
potential explanatory variables, it was 
determined that all four should also be included 
in the analysis.   These three are the electronic 

claims transmission interface rate (ETI), the 
automation rate, and the rework rate for the 
claims submitted.  Specifically, the final 
problem statement to be studied is “ Will 
COMPANY X be better served by investing in 
measures to reduce the number of problem 
tickets being submitted, or would the customer  
satisfaction rating  be more improved through 
investments that would involve one or more of 
the other three identified variables”.  

The data gathered and analyzed is from 
COMPANY X.  It has been logically grouped 
together and summarized into a set of metrics to 
facilitate the analysis.  It involves data on all of 
the key variables collected over a five year 
period (2003-2008).   COMPANY X uses many 
indicators to measure the performance of the 
claims system.  However, for this research 
analysis, the three measures mentioned above 
were employed.  Specifically: 

 Electronic Claims Transmission Index 
(ETI) Rate – ETI Rate measures the 
percentage of claims transmitted 
through electronic means.  ETI is 
calculated by Electronic Claims 
Receipts divided by Total Claims 
Received.  A higher ETI rate benefits 
COMPANY X in three ways.  First, 
claims submitted electronically do not 
have to be manually entered by 
COMPANY X employees, resulting in 
lower claim-processing costs.  Second, 
electronic claims receipts result in a 
higher accuracy rate and generally are 
expected to prevent manual errors.  
Third, electronically submitted claims 
result in shorter claims-processing 
times.

 Claims Automation Rate – Claims 
automation rate measures the percentage 
of claims that process automatically 
after being entered into the claims 
system.  It is measured by dividing 
automated claims processed by Total 
Claims processed.  As with ETI, a 
higher automation rate benefits 
COMPANY X as well.   A higher 
automation rate reduces the volume of 
manual transactions, which are the most 
costly to process and have the lowest 
accuracy rate.  Secondly, higher 
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automation rates decrease the claims-
processing time, which results in 
quicker claim payments, a reduction in 
the amount of interest that would have 
to be paid, and presumably higher 
customer satisfaction.  

 Claims Rework Rate – Claims rework 
rate measures the percentage of claims 
processed that require corrections or 
reprocessing.  It is calculated by 
dividing reprocessed claims by Total 
Claims processed.  A lower rework rate 
benefits COMPANY X in two ways.  
First, fewer reworks result in lower 
claims-processing costs.  Second, a 
lower rework rate is expected to 
enhance customer satisfaction because it 
is an indicator of higher claims accuracy 
and speed of payments.  The higher 
amount of claims that are processed 
correctly without rework, the greater the 
expected customer satisfaction.

In addition to these three stated direct 
       measures of claims systems performance, 
       two additional measures were needed for the 
      analysis:

 Problem Ticket Volumes – Problem 
tickets are opened by employees of 
COMPANY X who process claims, 
answer customer and customer phone 
calls, and work face-to-face with the 
customer community.  It is a count of 
identified problems.  A lower volume of 
problem tickets indicates fewer 
problems that are identified by either the 
internal employees or the customer 
community.  A lower volume of 
problem tickets is expected to indicate 
higher claims accuracy, which should 
result in fewer customer complications 
or issues, thus enhancing customer 
satisfaction.

 Customer Satisfaction Survey Results- 
The primary quantitative measure of this 
investigation, customer satisfaction 
surveys are conducted on an annual 
basis to gauge how well customers feel 
COMPANY X is performing its role as 
a healthcare payer.  It measures 
customer  satisfaction as captured in an 

annual customer survey. COMPANY X 
feels that in order to differentiate itself 
from other healthcare insurance 
companies operating in the State of 
Florida, it needs a strong and satisfied 
customer network.  COMPANY X feels 
that keeping the customers satisfied will 
result in those customers remaining in 
the network, and hopefully, at a lower 
contracted rate for COMPANY X. 

3. Hypothesis

      The null hypothesis and the alternative 
      hypothesis are: 

 Null Hypothesis (Ho) – There is no 
relationship between the customer  
satisfaction rating and the independent 
variables identified: the ETI rate, the 
automation rate, claims rework rate, and 
the problem ticket volume.

 Alternative Hypothesis (Ha) – There is 
a relationship between the customer 
satisfaction rating and independent 
variables identified: the ETI rate, the 
automation rate, claims rework rate, and 
the problem ticket volume.

4. Research Design and Methodology

A regression model was developed to 
investigate whether or not changes in specific 
interventions might effectively change the 
customer satisfaction rating toward the desired 
outcome.  This regression model was developed 
and applied to the quantitative measurements of 
the COMPANY X claims adjudication systems 
and the problem ticket tracking system.  In 
addition, the model also incorporates the 
quantitative measure of the COMPANY X 
annual customer satisfaction survey results.  

In order to test the hypothesis, it was 
necessary to estimate the regression equation.  
To do this data for each of the five measures was 
needed for each of the time periods.  Since 
COMPANY X measures each of these metrics 
on a different time interval, a normalized (mean) 
value was calculated for each year.

A significance level of α = 0.05 was used, 
based upon the level of assurance required for 
the change in the metric performance.  A 
multiple regression analysis was then conducted 
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to determine the relationship between the 
independent variables and the dependent 
variable. After determining the regression 
equation, the results were analyzed.   In addition, 
a sensitivity analysis was done to determine the 
impact of changes in the independent variables 
to identify which efforts would produce the 
greatest improvement in the customer 
satisfaction rating.

Based on the regression statistics and the 
ANOVA table in the regression model, if a 
significant relationship is identified, then the 
null hypothesis was to be rejected.  It could then 
be concluded that there is a change in customer 
satisfaction with changes in the independent 
variables.  The coefficient of determination or 
R2 was intended to show the variation in the data 
set that is accounted for by the regression model.  

5. Analytic Model

In order to assess how customer satisfaction 
is affected by the independent factors, a 
regression analysis was performed using the data 
of the ETI rate, the automation rate, the claims 
rework rate, and the problem ticket volume.  The 
coefficients of the regression equation variables 
and the ANOVA table were analyzed to 
determine the results.   The regression equation 
was:

Customer Satisfaction = a + b1(Rework) + 
b2(Automation) + b3(ETI) + b4(Tickets)

The regression statistics and coefficient values 
(with t statistics and P-values) were as follows:

Multiple R                     0.907682
R squared                      0.823886
Adj. R squared              0.8110777
Standard error               0.0141354

a         0.27728         6.609         .000000002
b1            0.73143         5.923         .000000021
b2            0.44897         6.922         .000000001
b3            0.14572         3.329         .001561400
b4         - .000007       - 0.895        .374327510 

          It is of note that the Adjusted R-Square 
value is 0.81, indicating that the Goodness of Fit 
of this model is fairly strong with all of the   
independent variables included.  The F-statistic 
for the overall regression was 64.3244 and the 
probability that this model could have been this 

appropriate by chance alone is virtually zero.  
Therefore,   the null hypothesis that there is 
no relationship between customer satisfaction 
and the independent variables in the 
regression model was rejected.  The 
coefficients of three independent variables; 
rework rate, automation rate, and ETI rate, all 
show statistical significance.  However the 
Problem Ticket volume (b4) was the only 
variable that was not significant.  In fact, the 
problem ticket volume coefficient was negative, 
indicating that there is a negative or inverse 
relationship between the number of problem 
tickets and the customer satisfaction rating.  
However, the t-statistic for the problem ticket 
volume coefficient is not even close to 
significance and it is clearly the least significant 
variable in the analysis. Since the problem ticket 
volume variable was of significant interest to the 
firm, the model was retained with all four 
explanatory variables so that management could 
clearly see the effect of the ticket volume.
         To perform a sensitivity analysis, the 
regression formula was used to evaluate the 
different variables.  The regression equation 
below is used and a sensitivity factor of ± 5% 
for each independent variable is calculated.  

Our specific equation is the following:

Customer Satisfaction = 0.277 + 
0.731(Rework Rate) + 0.44(Automation Rate) 
+ 0.14(ETI Rate) – 0.00000659(Ticket 
Volume)

Increasing and decreasing each variable by 
5%, sensitivity analysis was then conducted. In 
this analysis the most significant impact on 
customer satisfaction resulted  from a change in 
the automation rate.  An automation increase of 
5% from the current level improved the 
customer satisfaction rate nearly 2%, producing 
more of a change than a similar change in any of 
the other independent variables.  Ceteris 
paribus, the most effective focus on process 
improvement to produce the desired result of 
increased customer satisfaction would appear to 
be improvement of the automation rate.  

6. Results

Customer satisfaction, notably 
physician’s satisfaction, with healthcare insurers 
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has been previously more tribal knowledge than 
fact.  Surveys have been done in certain locales; 
however, the results are used locally to provide 
information to insurers in the given area.  In the 
State of New York, Attorney General Andrew 
Cuomo announced plans in 2008 to file a lawsuit 
against UnitedHealth Group, the nation’s largest 
health insurer for allegedly gerrymandering 
reimbursement rates paid to physicians and other 
healthcare customers.  A recent survey published 
in Modern Healthcare, showed very poor 
customer satisfaction throughout the Houston, 
TX, area.  Blue Cross and Blue Shield of Texas 
(BCBS) responded to the local Medical 
Society to seek information about improving 
physician satisfaction and patient care, noting 
that BCBS usually fared better than its 
competitors in such surveys.  The overwhelming 
issues troubling physicians as noted were:  (1) 
difficulty with prompt payment (69%) and 
payment less than their contracted rate (65%);  
(2) difficulty getting their patients’ medical 
services approved (65%); and (3) patients do not 
understand preventative services and care-
coordination services (65%) and also do not 
understand benefits, copayments, deductibles 
and limitations of coverage (58%).  (Greene, J. 
2008).
            From the view of Company X, the metric 
of problem ticket volume was noted as a 
possible cause of customer dissatisfaction that 
could be improved.  However, the derived 
regression model revealed that a dramatic 
change in customer satisfaction resulting from 
just an improvement in the problem ticket 
volume is not likely.  While healthcare 
customers do waste time speaking to nonmedical 
personnel at healthcare insurance companies 
about problems before talking with nurses or 
medical directors, the main complaints of 
customers remain the delay in reimbursement, 
the excess time spent trying to obtain 
preauthorization for necessary medical services, 
and payments made at less than the contracted 
rate -- not time spent trying to sort out the errors 
in problem tickets. (Greene, J. 2008)  Only if a 
sustained decrease in problem tickets could 
translate into a significant improvement in 
timely, full-fare reimbursements would there 
possibly be a significant impact on customer 
satisfaction.   As the sensitivity analysis showed, 

improving automation would most likely result 
in an increase in customer satisfaction.  Because 
of the advantages of automation, the number of 
problem tickets could also potentially decrease, 
a result that could magnify the effect on 
customer satisfaction. Customer satisfaction can 
also be affected positively by an improvement in 
the rework rate or in the percentage of claims 
that are processed electronically (ETI).

7. Conclusions

         The impact of using metrics in corporate or 
business decision-making, in planning corporate 
strategy for quality improvements, and in 
improvements in customer satisfaction, is 
significant.  The information obtained from 
metrics and the analysis of data can provide 
tremendous insight, complement additional 
metrics or point toward areas where new data 
should be collected.  The information can help 
corporate leaders and managers understand what 
drives customer satisfaction and how to 
personalize, individualize, and anticipate the 
needs and future successful interactions with 
customers.  Analytical metrics applications can 
turn the data into actionable customer 
intelligence by leveraging these data assets and 
decision-support technology to enable corporate 
executives to successfully and more effectively 
measure, manage, and expand their businesses in 
the most cost-effective ways.  
          The analysis also showed that there is an 
insignificant relationship between customer 
satisfaction and the problem ticket rate.  Simply 
improving the problem ticket rate may have no 
effect on customer satisfaction; however, 
increasing automation with its attendant benefits 
of timely reimbursements to the customer could 
have a decidedly positive impact.  Although 
increased automation could also lead to a lower 
number of problem tickets, these variables did 
not tend to move in the same direction in the 
model.  The analytical approach as demonstrated 
here can yield critical information that can be 
used to direct the corporate strategy toward 
future business improvements in automation 
technology.   
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8. Recommendations  
         The value of using data driven metrics in 
corporate strategy appears to be a solid tactic. 
The research was useful in showing that the 
effective use of data-driven metrics and the 
careful analysis of the available information can 
be a fundamental step in driving corporate 
strategy toward effective interventions with 
improvements that will improve all facets of 
such strategic devices as the balanced score 
card.  Future research might focus on not only 
the impact on customer satisfaction being 
affected, but also the other dimensions of the 
BSC such as learning and growth, financial 
performance and internal processes.  
           In the case studied in this analysis 
customer satisfaction was considered crucial to 
the company’s reputation and future success.  If 
business process improvements such as 
enhanced automation and more electronic 
transmission can translate into significantly 
reduced costs and more business volume, 
perhaps there are other such improvements that 
might be identified and studied.  Health care 
providers everywhere can benefit from the 
results of this study and potential future 
extensions of the research as it applies to their 
operations.
              This analysis can serve as the 
foundation for iterative modeling and tracking 
improvements in processes.  The thorough use 
of metrics and data analysis should be 
considered a sine qua non in quantifying and 
improving sustained performance, quality, and 
as a way to increase profits.
               Furthermore, organizations need to 
evaluate whether their current metrics align with 
their business processes and are meaningful in 
measuring their business results.  A strategic 
map such as the BSC or Gartner’s Business 
Value Model should be considered.  Metrics 
need to be carefully identified and established in 
order to be aligned with the appropriate strategic 
map. Lastly, the implementation of a model to 
determine statistical significance in metric 
management should be able to confirm if 
performance is being truly affected positively by 
the strategic actions taken.  The implementation 
of such models does not need to be a simple 
technical solution.  Rather it can be conducted 

on a project-by-project basis and over time using 
time proven statistical tools.  The purposeful 
application of appropriate metrics will go a long 
way to achieving Drucker’s vision of 
organizations that are well managed by using   
sound data for decision-making.
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10. Appendix – Data
Monthly data was collected over a five year 

period.  The data shown below is the data for the 
three main explanatory variables:  EDI Rate, 
Automation Rate and Rework.

The average EDI rate increased from 67.1% 
to 84.4% over the five year period.  This 
increase represented a 25.7% increase over the 
period.
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Over the five year period the automation rate 
increased from 81.5% to 88.5%.
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Based on the graph below the rework rate 
showed an improvement in the annual average 
from 4.5% in the first year to 3.3% in the third 
year.  However, this was followed by declining 
performance to 6.5% and 6.6% in the last two 
years. This indicates that the amount of 
reworked claims as a proportion of claims 
processed almost doubled at the end of the 
measured cycle.
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Abstract
This paper discusses the benefits and 

obstacles associated with teaching online 
laboratory particularly for the electronics 
programs. The focus will be mainly on 
feasibility of developing a completely online 
laboratory including a list of feedback from 
electronics instructors regarding the subject. 

1. Introduction: 
Online instruction is a very popular tool 

in these days and has been expanding into 
many areas and fields. The extension to 
Engineering and Technology fields is not 
straightforward especially with courses 
involving some laboratory activities. 
Handling such courses can be categorized in 
two groups: completely online or hybrid. 
The first group consists of offering both 
lecture and laboratory online and in the 
second group only lecture is taught online 
and lab activities are done on campus. 

Online laboratory can be taught in two 
different ways: software and hardware. In 
the software approach all the students need 
is the appropriate software to run the 
simulations. This method does not allow 
students to get any hands on experience. 
They probably will not lay a hand on the 
equipment used in traditional laboratories. In 
the hardware method each student will have 
to buy the necessary equipment to run the 
experiments at home. This require students 
to be familiar (by training or past 
experience) with the tools used. Offering 
online laboratory can be a challenge to both 
instructors and students. The teacher has to 
identify curriculum requirements and deal 
with issues that students may encounter 
while performing the experiments. The 

biggest question as far as students is 
learning outcome. In [1] and [2] a 
combination of both software and hardware 
is used. In [1] students perform a prelab 
using simulation software to understand 
some of the concepts then do the hardware 
option by not building a specific circuit but 
by remotely configuring a real piece of 
equipment. The approaches listed in both [1] 
and [2] are suitable for upper level courses.

Hybrid instruction is another approach 
dealing with courses having lab components. 
In this case lecture is offered online and the 
lab is taught on the main campus or at a 
nearby educational institution. To make the 
latter situation possible and save some 
traveling distance to the students, the main 
school has to have some contractual 
agreement with the specific institution(s). 

Section 2 of the paper discusses in the 
implementation aspects, some of the benefits 
and drawbacks of both methods for teaching 
online laboratory. In section 3 the results of 
a mini survey about online laboratory will 
be presented. Concluding remarks will be 
provided in section 4.

2. Implementation of Online 
Laboratory
In this section the aforementioned 

methods will be discussed. We will 
concentrate on the electronics (Technology 
or Engineering) programs with courses 
having laboratory components. A 
comparison between the two approaches is 
also provided. Each student going through 
the electronics curriculum must at least deal 
with six (6) basic classes involving a 
laboratory. They typically include AC/DC 
circuits, electronic devices, and digital 
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electronics. In this paper fully or completely 
online are interchangeably used and refer to 
performing laboratory experiments without 
any contact with the instructor(s). 
Implementation requirements for fully 
online laboratory are discussed in the first 
two subsections. In the last one a 
comparison between the two approaches is 
provided.

2.1 Fully Online – Software

This method is probably the simplest 
way to deal with online laboratories. The 
basic tools required are just a PC and 
appropriate software. Students need to learn 
how to use the software. Building a circuit 
consists of just drags and drops. 

2.2 Fully Online – Hardware

In the hardware approach students have 
to acquire the necessary tools to do the 
experiments. Table 1 provides a list of 
minimum required material together with 
the approximate cost (some of the quotes are 
obtained from [3]). 

Table 1 List of equipment
Equipment Name Cost ($)
Digital Oscilloscope 350.00
Trainer (Analog and 
Digital)*

300.00

Digital Multimeter    40.00
Discrete Components    50.00

Total $740.00

* It is assumed that the trainer has a built in 
function generator together with a variable 
DC power supply. Otherwise additional 
cost(s) will be incurred. 

Students need first to spend some time 
learning about the equipment usage. The 
next step is building and testing real circuits. 
From past experiences, students tend to 
struggle assembling a circuit similar to the 
one shown in Figure 1. The circuit is taught 
in the first basic course of any electronics 
program. It comprises two resistors R1 and 

R2 connected in series to a 12 Volts DC 
supply (V1). Typical trouble that students 
may face include: connecting the two 
resistors together, measuring the current 
through the circuit, and putting the 
components on breadboard (when used). 
The task of building a circuit such as the 
one in Figure 1 becomes easier if some 
prior training is provided to the students.  

Figure 1 A simple series circuit

2.3 Software vs Hardware

In this section we list some of the 
characteristics of both the software and 
hardware approaches. For the sake of 
comparison we will also list some of the of 
features of the hybrid methodology. 

 Software
o Opportunity for high student 

enrollment and wider reach.
o Cheap: Only software required. 

Some software tools are free.
o Circuit Building: Easy just drag 

and drop.
o Circuit Testing: Just press a 

switch.
o No contact with real equipment. 

Students will require training 
with the equipment when hired. 

o Limited exposure to 
troubleshooting.

o Learning Outcome: Not 
maximized.
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o May not be suitable for basic 
courses. Could be beneficial for 
advanced classes without 
expensive software tools. 

 Hardware
o High initial cost.
o Circuit Building: Difficult at the 

beginning and time consuming.
o Equipment Usage: Initial 

training may be required for the 
majority of the students. 

o A lot of hands on. 
o May need some help at the 

beginning to deal with abnormal 
conditions. Hence, experience 
with troubleshooting will be 
enhanced in the future.

o Learning Outcome: More than 
the software approach.

o Space is needed to store the 
equipment.

Even though it is simple and very 
suitable for online instruction, the software 
method does not provide students the 
opportunity to get in contact with real 
equipment. Moreover, more exposure to 
troubleshooting allows the students to 
develop critical thinking and enhance 
problem solving capabilities.

 Hybrid
o Uses both software and 

hardware.
o Some traveling is required.
o Plenty of contact with the 

instructor(s).
o Plenty of hands on experience.
o More comfortable with 

equipment use due to the 
instructor’s presence.

o Extensive troubleshooting 
experience resulting in a lot of 
problem solving tips. 

3. Survey Results
This section presents the results of a 

mini survey that was conducted by the 

division of Electronics Engineering 
Technology (EET) within the Department of 
Technology at Southern Illinois University 
Carbondale. The University was interested 
in developing an online EET program and 
that was the purpose of the survey. The 
objective of the survey was to get some 
feedback from instructors within the field of 
electronics and sixteen people participated 
in the survey. The results below are just 
listing of all answers related to the online 
program. 

3.1 Not in favor of an online program

 ABET-TAC accreditation if there is 
no hands-on labs. Cannot determine 
who is actually doing work.

 Students need physical contact with 
components/instruments to maximize 
benefits and develop skills.

 Employers would not interview 
students without a hands-on 
background-(statement from employer 
not faculty)

 Taking program online may cause on-
campus program to fail.

 Online only suited to some courses 
without lab components.

 Consider online courses only as 
extension of program.

 Taking fundamental EET courses 
online with labs not wise. 

 Compromises program quality and 
student learning.

 Concepts were hard to grasp on their 
own. Comments from students

 Detailed lab manuals are detrimental 
to the learning experience of students 
that need to develop critical thinking 
skills in lieu of follow the-dot-skills. 
I've put together Heath kits myself, 
my first was a vacuum tube voltmeter 
I built when I was in high school (on 
my own) and the only skills I had was 
reading and soldering and using a 
screwdriver and pliers. It required no 
critical thinking whatsoever, just a 
matter of "...connect one end of a 3" 
piece of wire to terminal A and solder.
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 There's the loss of continuity and 
delays when things go 'wrong at 
home'. What do they do when they've 
burned up their last part because they 
weren't thinking when they plugged 
the chip in."

3.2 In favor of an online program

 The secret to student success are the 
detailed lab manuals. These enabled 
the students to do the work with little 
or no outside help although that was 
available from an instructor at the 
school if needed. 

 I teach on-line several electronics and 
engineering related courses. In most 
cases I have more contact with my 
students than in on-site classes. The 
student is not left to fend with only the 
text book. I provide sample demos 
with Mutisim, recorded lessons, and 
"white papers" on topics I want to 
emphasize. In addition I use an online 
service called gotomeeting to hold 
recitation sessions where students can 
bring their individual problems. I hold 
these once a week right now and 
record them for later use by other 
students with similar questions. 
Another program that can be used for 
individual help on line is Elluminate 
which is free for up to 3 users. Makes 
for a great office hour session. Both ! 
of these can be used with many 
college on line systems. With modern 
laptops we can establish two way full 
video communication if necessary. 

 I wonder if this lab “issue” is really an 
issue when schools consider online 
courses. I suspect it is a good excuse 
to kill such plans as instructors fear 
losing their jobs or having to learn a 
new way to teach. My own experience 
with online courses in a community 
college has been favorable. Instead of 
taking students away from the regular 
courses, it actually increased 
enrollments as those students who 
cannot attend conventional courses 
signed up for online courses. 

3.3 Others

 The most common method of delivery 
is a blended format. In this format, 
students receive lecture materials 
online either asynchronously or 
synchronously but must come to 
campus or a testing site for 
laboratories and testing. 

4. Conclusion
We addressed different aspects associated 

with offering online laboratory for the 
electronics programs. The two major 
obstacles to online instruction are learning 
outcome and getting familiar with the 
equipment. Most of the students will be 
working by themselves and using some sort 
of tools to do their jobs after graduation. 
There is still work to do to develop online 
laboratory that fully mimic the benefits of 
the traditional one. As the survey indicates, 
most of the responders agree that a 
blended/hybrid form will the best way, so 
far, to go. 
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Abstract

This paper discusses Rita’s Italian Ice using 
forecasting methods and customer observations 
using chi-square analysis to examine customer 
behavior within the Rita’s Italian Ice Store in 
Tallahassee, FL. ProModel Simulation was used 
to evaluate whether or not the company is 
making the best decisions.

Introduction
 
Rita’s Italian Ice started in Bensalem, PA by 

Bob Tumolo in 1984. Tumolo started 
franchising the business in 1996. There are over 
500 Rita’s locations throughout the Unites States 
and only one Rita’s location in Tallahassee, FL. 
The mission of Rita’s is Ice, Custard and 
Happiness = Rita’s. Rita’s menu includes Italian 
Ice, Cream Ice, Gelati, Misto, Blendini, Custard, 
Alex’s Lemonade, Ritaccino, Slenderita, Pretzel 
Blendini, and M&M and Hot Fudge with prices 
ranging from $1.99 to $3.99.  Rita’s Freshness 
Policy requires Italian Ice and Cream Ices to be 
thrown away if they are not sold within 36 hours 
of being made [4].

Customer Observation

By making observations at the Rita’s location 
in Tallahassee, Florida, we were able to 
determine station utilization and throughput of 
the system. The structural elements involved 
included entities that are the items processed in 

the system, locations where entities are 
processed or held, resources that are agents used 
to process entities, and paths that are courses of 
travel for entities and resources [3]. We have 
identified Rita’s to have three locations. 
Location 1 is the “Today’s Ice Flavor” sign 
where customers look over the menu, Location 2 
is the “Order Happiness” sign where customers 
sample flavors and place orders, and Location 3 
is the “Pick up Happiness” sign where customers 
pickup and pay for items.

Customer Data Classification

On Tuesday, October 12, 2010, customers 
were analyzed between 3:30pm to 5:30pm, then 
again between 7:00pm to 8:00pm. These were 
expected to be peak hours.  We were able to see 
how our observations were distributed 
throughout the range of our data. The times 
between arrivals are shown in Figure 1 & Table 
1.

This histogram represents a total of 3 hours 
and reflects that the peak time between arrivals 
was 0-5 minutes, with 23 occurrences.

Process Description

Wait Time at Location 1: “Today’s Ice 
Flavor”

The first location where customers stop when 
arriving at Rita’s is the menu that reads, 
“Today’s Ice Flavor”. This is where customers 
look over the menu and decide on their order.  
From our observations (below) we found that the 
highest frequency of customers waiting at 
location 1 occurred with a wait time from 0-36 
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seconds while the lowest frequency of customers 
waiting occurred with a wait time from 148-184 
seconds. We found that our data collected from 
location 1 exhibited an exponential distribution. 
(See Figure 2.)

Wait Time at Location 2: “Order Happiness”
The second location where customers wait 

while in Rita’s is the “Order Happiness” station.  
This is where customers sample flavors and 
place their orders. From our observations 
(below) we found that the highest frequency of 
customers waiting at location 2 occurred with a 
wait time from 0-1 minute while the lowest 
frequency of customers waiting occurred with a 
wait time from 3.1-5 minutes.  We found that 
our data collected from location 2 exhibited an 
exponential distribution. (See Figure 3.)

Wait Time at Location 3: “Pick Up 
Happiness”

The last location where customers wait while 
in Rita’s is the “Pick Up Happiness” station.  
This is where customers pick up and pay for 
their orders. From our observations (below) we 
found that the highest frequency of customers 
waiting at location 3 occurred with a wait time 
from 22-43 seconds while the lowest frequency 
of customers waiting occurred with a wait time 
from 66-87 seconds.  We found that our data 
collected from Location 3 exhibited an 
exponential distribution. (See Figure 4.)

Simulation

The average time a customer spends waiting 
at Rita’s is 0.36 minutes. The average time spent 
by a customer in Rita’s system is 3.08 minutes. 
The utilization of Location 1 is 0 percent, 
Location 2 is 36.29 percent, and Location 3 is 
12.21 percent.  Also, there were 2,502 customers 
served in 184 hours. The maximum number of 
customers waiting in the Rita’s Queue is 7.

Suppliers
Rita’s has two suppliers. One for the 

frozen ice and custards and one for everything 
else, such as cups, spoons, dry goods, bottled 
water, etc. Deliveries are made once a week 
based on need. Rita’s supply chain consists of 
the organizations, people, technology, activities, 
information and resources involved in moving 
the frozen custards from the supplier to the 
business, then to the customer. 

Forecasting
Quantitative forecasting methods are used when 
historical data on variables of interest are 
available; these methods are based on an 
analysis of historical data concerning the time 
series of the specific variable of interest and 
possibly other related time series. There are two 
major categories of quantitative forecasting 
methods. The first type uses the past trend of a 
particular variable to base the future forecast of 
the variable. As this category of forecasting 
methods uses longitudinal historical data, these 
techniques are called time series methods [2].

The second category of quantitative 
forecasting techniques also uses historical data. 
But, in forecasting future values of a variable, 
the forecaster examines the cause-and-effect 
relationships with other relevant variables such 
as the level of consumer confidence, changes in 
consumers' disposable incomes, the interest rate 
at which consumers can finance their spending 
through borrowing, and the state of the economy 
represented by such variables as the 
unemployment rate. To determine the forecast 
we used changes in national consumer 
disposable income dating from 1947-2010. 
Specific industry data on sales of Italian Ice and 
frozen desserts was either limited or private.

Using information from the Bureau of 
Economic Analysis on Personal Disposable 
Income in the United States, quarterly 
(Q1,Q2,Q3,Q4) forecast were made for Fiscal 
Year 2011, and used to create forecast for 
customer inter-arrival times at Rita’s Italian Ice 
in Tallahassee, FL [1]. Given the forecast for 
disposable income in the United States the 
following customer inter-arrival times forecast 
were generated for FY 2011 quarters 1 through 4 
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respectively given the original exponential mean 
time of 4.17 minutes: 4.17, 4.13, 4.10, 4.06. For 
example, the forecast customer inter-arrival time 
for Q2 = Q1 exponential mean of 4.17 minutes 
multiplied by the ratio (Q1 forecast disposable 
income/Q2 forecast disposable income) = 4.13 
minutes.  These forecasts represent the change in 
demand for Rita’s Italian Ice products as the 
seasons change. 

Recommendations
Rita’s Italian Ice is in a growing industry that 
has products focused on good health, taste, and 
low prices; however, they are largely affected by 
seasonal demand. They should focus on rolling 
out new products in Q1 and Q2 when customers’ 
inter-arrival times are high, and stick to high 
demand products in Q3 and Q4. They should 
also higher more people during Q1 and Q2, and 
attempt to maintain high quality control over 
raw materials during all quarters to eliminate 
risk and downward shifts in customer demand.
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Figure 1. Time between Arrivals

Table 1. Time Between Arrivals

Time                 Frequency
1 - 5 23

6 - 10 1

11 - 15 6

16 - 20 1

21 - 25 1

Figure 2. Time at Location 1
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Figure 3. Time at Location 2

Figure 4. Time at Location 3

Table 2. Forecast of disposable income

Quarter Disposable 

income

Time  

between

arrivals

1 1146.943 4.17

2 1156.986 4.13

3 1166.987 4.10

4 1177.769 4.06
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Abstract

Studies indicate that the most important factors 
in cost and time utilization for civil aviation 
maintenance are related to logistics. More 
specifically, the availability of experts during the 
maintenance for advanced or complex systems 
attributes to the highest idle time and least cost 
savings. To minimize the idle time and related 
costs, implementation of the U.S. Naval Air 
Systems Command (NAVAIR) teleconferencing 
system known as Joint Technical Data Integration 
(JTDI) TechCam is proposed. This project 
evaluates recorded cases of the utilization of 
similar remote maintenance systems in a small 
aircraft maintenance company as a base study for 
the usage of JTDI Tech Cam with remote 
maintenance experts on the factors of cost and time 
effectiveness.

1.Introduction

Today's providers of maintenance and in-service 
support related to modern aircraft are facing major 
challenges. A central problem with Maintenance, 
Repair and Overhaul (MRO) as well as support of 
aircraft and other complex technical systems, is to 
manage the ever-increasing information flow and 
system complexity.

Both military and commercial operators need to 
reduce aircraft downtime and maintenance man 
hours. Increased manual information management 
has the opposite effect, inducing unnecessary cost 
and affect efficiency negatively [6].  Efficient 
logistics systems—including transportation, 
inventory management, modifications and 
maintenance activities—are critically important for 
containing the lifecycle costs (LCC) of weapon 
systems [1].  A major component of LCC is 

Operations and Maintenance (O&M) costs. 
O&M costs, on the other hand, include such cost 

categories as labor, materials, and overhead, 
operations, scheduled and unscheduled 
maintenance, training, replacement and renewal, 
transportation, system/equipment modification, 
technical data collection, documentation and 
database management, energy and facility usage, 
and disposal costs. Without question, the logistics 
systems have a great deal of influence on the size 
of O&M costs [1].

2.Background

In the fall of 1998, the Joint Aviation Logistics 
Board (JALB), as a working committee of DoD’s 
Joint Aviation Commander’s Group (JACG), 
recommended a prototype be established that 
would utilize web-based technology to obtain 
stored digital data and display this data 
electronically to the requestor [1].

The Department of Defense’s (DoD) NAVAIR 
and NAVAIR/AMCOM support the development 
of the prototype application called the Joint 
Aviation Technical Data Integration (JATDI). The 
system was initially called Joint Aviation 
Technical Data Integration (JATDI), the ‘A’ for 
‘Aviation’ was removed and the system is now 
referred to as Joint Technical Data Integration 
(JTDI). This system is a web-based application 
integrating Commercial-off-the-Shelf (COTS) 
products to obtain and display requested aviation 
technical data for selected Joint Weapons Systems 
[1]. The Joint Aviation Technical Data Integration 
(JATDI) program is the keystone of the joint 
aviation community’s drive to improve their 
business processes. 

JTDI is focused on three core competencies: data 
conversion, Training Manual (TM) server and 
Technical Camera (TECHCAM). Access to these 
competencies is enabled via the World Wide Web 
icon on a desktop. TECHCAM reduces personnel 
transport requirements for communication between 
maintainers and Engineering Technical Support 
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(ETS) personnel. TECHCAM is a video 
conferencing system that provides aviation 
maintenance with a lightweight, two-way 
audio/visual system, which is linked via local or 
wide area networks with ETS/industry personnel at 
a central location. The system is designed to allow 
sharing of digital images for discussion using 
video conferencing and whiteboard utilities. In 
addition, short video clips or still digital images 
can be captured for forwarding, via e-mail 
attachment, to technical representatives for review 
[4]. Personnel provide real time maintenance 
assistance for the process and return the system to 
operational status [1].

In 2007 Chesapeake Information Based 
Aeronautics Consortium (CIBAC) at Morgan State 
University (MSU) received a JTDI technology 
transfer from NAVAIR. This technology transfer 
included all three core competencies of JTDI. 

This project evaluates recorded cases of the 
utilization of similar remote maintenance systems 
in a small aircraft maintenance company as a base 
study for the usage of JTDI TechCam with remote 
maintenance experts on the factors of cost and time 
effectiveness.

The objectives of this study are to:
a. Determine if there was a significant difference 

between regular and remote maintenance 
situations with respect to the time and cost of 
maintenance,

b. Determine if there was a significant difference 
between the types of maintenance, and

c. Evaluate which maintenance situation was better 
in terms of both time and cost.

3.Methodology

     Time and cost data set related to different types 
of maintenance and different maintenance 
situations were obtained from an aviation 
maintenance company. The company, to maintain 
the confidentiality of personal information, had 
sent double blinded data which was linearly scaled.  
A sample of data that was used in the study has 
been presented in Table 1 below:

The experimental set up consisted of three 
operators (A, B, and C), two maintenance 
situations (Regular and Remote), and three 
maintenance types (I, II, and III).  Regular was a 
situation in which a remote expert was hired to the 

site to complete on-site maintenance and Remote 
was a situation, where the subject expert was 
consulted through teleconferencing media to 
resolve the problem.

The hypotheses in the study were that there was 
no significant difference between the types of 
maintenance and also between the maintenance 
situations with respect to the time and cost. 

Analysis of data was performed using MiniTab® 
statistical analysis package. Analysis of variance 
(ANOVA) [8] and Tukey Test [8] were used to test 
the hypotheses to determine which situations and 
types were significantly different. 

A Randomized Complete Block Design was 
used and analysis of variance performed. The use 
of blocking helps in minimizing the effects of 
nuisance factor in the experiment.  

4.Results

As shown above in Table 1, the time data for the 
aviation maintenance cases were organized into a 3 
x 3 x 2 table format. There were three operators 
(also known as the civil aviation maintenance 
worker) that were labeled as Operator A, B, and C. 
Corresponding to each operator, there were two 
situations; regular, and remote; and three type of 
maintenance I, II, and III.  

Normal probability and the residual plots 
(Figures 1 and 2) of the time and cost data showed 
no substantial deviation of the data from normality 
as well as variance.  

Table 2 shows ANOVA summary for time.  The 
table shows that there was a significant difference 
between types of maintenance, between the 
maintenance situations, and the interaction 
between them at a level of significance (α) of 0.05.  
Tukey’s test (Figure 3) shows that Type I and Type 
II maintenance are significantly different from 
Type III (73.22222 and 81.86111 vs. 106.3889) 
while there was no significant difference between 
Type I and Type II (73.22222 vs. 81.86111.) at α = 
0.05 level.  And remote maintenance situation is 
significantly different from the regular 
maintenance situation (94.9 vs. 79.4).  Therefore, 
there is evidence to conclude that mean time of the 
regular on-site usage of ETS personnel is 
significantly different from the mean time in the 
remote usage of ETS personnel.
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Table 3 shows ANOVA summary for cost.  It 
shows that there was a significant difference 
between types of maintenance, between the 
maintenance situations, and the interaction 
between them at a level of significance (α) of 0.05.

Tukey’s test (Figure 4) shows that Type I and Type 
II maintenance are significantly different from 
Type III (3.783333 and 4.341667 vs. 8.836111) 
while there was no significant difference between 
Type I and Type II (3.783333 vs. 4.341667) at α = 
0.05 level.  And remote maintenance situation is 
significantly different from the regular 
maintenance situation (6.76 vs. 4.55).  Therefore, 
there is evidence to conclude that mean cost of the 
regular on-site usage of ETS personnel is 
significantly different from the mean cost of the 
remote usage of ETS personnel.

The last objective was to see which situation 
(Remote or Regular) is better for time and cost for 
aviation maintenance. The mean Time for regular 
maintenance situation was 94.92593, and that for 
remote maintenance situation was 79.38889. The 
remote maintenance situation is the better choice 
for reducing time spent on maintenances requiring 
ETS. The mean Cost of regular maintenance 
situation was 6.76 and that for remote maintenance 
situation 4.55. Just as remote situation was the best 
situation for time it is also the best for reducing the 
cost for the aviation maintenance company.

5.Conclusion

Based on the results of analysis of the data, the 
following conclusions have been reached:

1. There is a significant difference between the 
two maintenance situations with respect to 
time.

2. There is a significant difference between the 
maintenance types with respect to cost.

3. Based on both time and cost, remote situation 
and Type III maintenance are found to be the 
best in  their respective categories.
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Table 1. Excerpt from time data received

Operator-A

Regular Remote

Type-I Type-II Type-III Type-I Type-II Type-III

82 87 96 58 69 98

86 89 99 57 71 100

84 91 100 58 69 99

83 88 102 56 70 102

84 89 98 57 70 97

86 90 97 58 69 97
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Table 2. ANOVA Summary for Time

Table 3.  ANOVA Summary for Cost

Source DF SS MS F P

Type 2 21315.2 10657.6 1014.01 0.000

Situation 1 6517.8 6517.8 620.13 0.000

Operator 2 2407.5 1203.7 114.53 0.000

Type*situation 2 3480.8 1740.4 165.59 0.000

Error 100 1051.0 10.5

Total 107 34772.3

Source DF  SS MS F P 

Type 2 552.508 276.254 1245.22 0.000

Situation 1 132.446  132.446 597.00  0.000

Operator 2 82.500 41.250 185.94 0.000

Type*situation 2 67.274 33.637 151.62 0.000

Error 90 19.967 0.222

Total 107 896.549
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Type = 1 subtracted from:

Type   Lower  Center  Upper  --------+---------+---------+---------+-

2     -0.455   0.558  1.572                   (---*--)

3        4.039   5.053  6.066                                (---*--)

  

                           --------+---------+---------+---------+-

                                        -3.0       0.0       3.0       6.0

Type = 2 subtracted from:

Type  Lower  Center  Upper  --------+---------+---------+---------+-

3    3.481   4.494  5.508                                  (--*--)

 

                           --------+---------+---------+---------+-

                                    -3.0       0.0       3.0       6.0

Figure 4.  Tukey’s test on Type of Maintenance with respect to Cost
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 Abstract 

Increasingly, state governments are relying 
on Web 2.0 technologies and social media as a 
means of ubiquitous outreach to citizens to 
engage, communicate, and inform.  Yet, few 
studies have been conducted to explore how 
social media is being used by state governments.  
We have initiated an exploratory study to assess 
the types of social media used as well as the 
level of use by state government.  Preliminary 
findings show significant diversity in state 
government use of social media.  The paper 
concludes with directions for future research. 

1. Introduction 
Web 2.0, through technological advances, 

has eliminated the constraint imposed by Web 
1.0 of users only having the capability of 
retrieving information. Web 2.0 has made it 
possible for users to exchange information with 
Web sites; as well as, with each other in a 
participatory fashion.  

Tim O’Reilly and associates, in 2005, were 
the first to coin the phrase Web 2.0 [4].  They 
identified a set of principles that captured that 
significance of Web 2.0 in the technology arena.  
These principles included: (1) Web 2.0 used as a 
platform; (2) harnessing collective intelligence; 
(3) user control over data; and (4) architecture of 
participation.

Web 2.0 and social media are often used 
interchangeably. However, Web 2.0 includes the 
tools and technologies in support of O’Reilly’s 
principles.  Social media uses these technologies 
to promote communication and collaboration 

among participants. To simplify our discussion, 
we will use the term social media with the 
assumption that Web 2.0 tools and technologies 
are integral components thereof.

Social media has been successfully harnessed 
by the private sector, as illustrated by the 
explosion of technologies in the last decade.  
According to Jantsch [5], the top three social 
networks, Facebook, Twitter, and LinkedIn, had 
a collective 2.5 billion visits in September 2009 
alone, as reported by Compete.com; 
Technorati.com counted 133 million blogs being 
indexed with an average 900,000 blog posts per 
24-hour period; Flickr.com, an online photo 
sharing Web site, hosted over 3.6 billion user 
images; and Delicious.com had over 5 million 
users of its online bookmarking service. 

Though much is known about the private 
sector use, little is known about state 
government use of social media technologies. 
With the explosion of users getting online and 
the opportunity for ubiquitous reach, state 
governments have begun to utilize social media 
to engage, communicate and inform their 
citizens. State governments are realizing 
unprecedented opportunities to both connect to 
constituents and to promote government 
transparency and accountability [1,2]. Social 
media, along with state government sites, are 
increasingly migrating to mobile platforms; thus 
extending citizen reach to include all 
demographics through a very cost-effective 
means [6:3].

Many U.S. citizens are getting online to use 
social media, as is reported in a recent 2010 
study by the Pew Research Center [7].  The 
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report found a dramatic increase in social media 
usage particularly by older users.  The findings 
show demographic changes, from April 2009 to 
May 2010, of great significance:
 Social networking use by Web users, ages 

50 to 64, increased from 25% to 47%.
 Social networking use by Web users, 65 

plus, increased from 13% to 26%.
 By comparison, social networking use 

among users ages 18 to 29 increased from 
76% to 86%.

State government use of social media has the 
potential for connecting not only to younger 
adult constituents, but to middle aged and older 
adult constituents. These citizen groups 
comprise a large user component of state 
government resources in the areas of health and 
human resources, employment, retirement 
planning, safety, licensing, tourism, and 
transportation, among others.

In our research, we use a social media 
definition and classification schema both of 
which are provided by Kaplan and Haenlein [3] 
in identifying and categorizing the different 
types of social media used by state government.  
Social media is defined by Kaplan and Haenlein 
as, “a group of Internet-based applications that 
build on the ideological and technological 
foundations of Web 2.0 and that allow the 
creation and exchange of User Generated 
Content (UGC) [3:61].   

Kaplan and Haenlein [3] defined a 
classification schema comprised of six 
categories, fouri of which are used in our study 
to identify the types of social media found on 
state government Web sites.  These include: 
 Collaborative projects - Enable joint 
creation of content by many users. Includes 
wikis (e.g., Wikipedia) allowing users to add, 
remove, and change text-based content; also 
includes social bookmarking sites (e.g., 
Delicious) enabling group-based collection and 
rating of Internet links of media content (e.g., 
Digg, Reddit, Stumbleupon).

 Blogs and microblogs – Enable user 
generated content to be shared with others. Web 
logs or blogs (e.g., Blogger, Wordpress) are 
special types of Web sites that usually display 
date-stamped entries in reverse chronological 
order.  Microblogs (e.g., Twitter) differ from 
blogs in that their content is much smaller (e.g., 
140 character tweets).
 Content communities – Offer the capability 
of sharing media among users.  These 
communities exist for a wide range of media 
types such as text (e.g., bookcrossing), photos 
(e.g., Flickr, Vimeo), audio and video (e.g., 
YouTube), and presentations (e.g., Slideshare).
 Social networks – Enable users to connect 
by creating personal information profiles, 
inviting friends to have access to those profiles, 
posting media to be shared, sending emails and 
instant messages, and joining groups having 
common interests (e.g., Facebook, Linkedin).

2. Background 
Seven state government Web sites were 

selected randomly to be included in this study.  
The state Web sites were: Alaska, Florida, 
Hawaii, North Dakota, Oklahoma, Utah, and 
West Virginia. The homepage was the central 
focus of the study given it is the landing page for 
most citizens engaging with state agencies or 
staying informed of state activities and events.    

The Web site assessments took place in 
spring of 2011. Each homepage link, with the 
exception of search features and common 
policies (e.g., accessibility, privacy, security), 
was traversed to evaluate access to social media 
resources.  Figure 1 shows the Oklahoma.gov 
Web site with markings on its homepage in 
preparation for link traversal. 
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Figure 1. Oklahoma.gov homepage showing link 
traversal to access social media [8].

The navigational depth of link traversal was 
two page levels beyond the homepage link.  The 
exception was a first-tier page with no additional 
links; such as was the case with online forms or 
PDF documents. Link traversal at the third level 
was limited to a main link (not all links on the 
page were traversed).  

Starting with the homepage and at each level 
thereafter, access to social media technologies 
were recorded by state agency and resource 
type. In addition, access to Web and mobile 
technologies, such as interactive maps and 
mobile versions, were also recorded as online 
resources used to engage and inform citizens. 

Figure 2. Utah state government aggregated social 
media on homepage [9].

Each state government homepage was 
evaluated for aggregation of social media such 
that a citizen would not have to search the Web 
site for these resources.  This is becoming an 

increasingly important feature, as users tend to 
scan a Web page for only a few seconds before 
applying a good guess technique of clicking on a 
link or leaving the site [10]. An aggregation of 
social media, illustrated in Figure 2, was defined 
as a grouping of two or more social media links 
centrally located on the homepage. 

Social media links (or icons) grouped 
together for the purpose of having a user share 
links, as shown in Figure 3, was not considered a 
homepage aggregation feature.  This grouping 
feature requires the user to already be engaged 
in social media; such as having a facebook page 
or twitter account.  The user would have to log 
into his or her social media account to share 
information (e.g., post a link to the State 
government Web site).  

Figure 3. Oklahoma.gov homepage grouping of 
social media icons for user sharing [8]ii .

3. Data Findings
Social media access was recorded using the 

four classification schemas provided by Kaplan 
and Haenlien [3]. Web and mobile technology 
usage was documented for each of the state 
government sites.  
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3.1 Homepage aggregation

Almost 60% of the state government sites 
had an aggregated component on the homepage 
for accessing a range of social media 
technologies.  Hawaii, Florida, and Alaska did 
not provide this feature. Utah (previously shown 
in Figure 2) and North Dakota provided easy-to 
find social media links on their homepages. A 
less user-friendly approach, by Oklahoma, 
provided an aggregated social media feature 
(Figure 4) whereby the user clicks on the “Get 
Connected” menu item to expand and display 
social media options.  

Figure 4. Oklahoma.gov homepage grouping of 
social media icons for user sharing [8].

3.1 Classification of Social Media 

Table 1 is a compilation of social media that 
were identified as potential resources to be 
found as links or feeds when traversing state 
government Web sites.  During our study, data 
was gathered, guided by these technologies in 
each category in the classification schema.

Table 1: Popular Web technology resources 
Social Media Social Media 

Collaborative 
Projects

Digg, Stumbleupon, Reddit, 
Y!Bookmarks, Delicious, Feed-
burner, Technorati, Wikipedia

Blogs and Blogger, Wordpress, Typepad, 

Microblogs Twitter, Tumblr, Jaiku
Collaborative 
Communities

Flickr,Scribd,Slideshare,Tripadvisor,
Vimeo,VirtualTourist,Youtube

Social 
Networks

Facebook, MySpace, LinkedIn, 
Foursquare, Yelp, Tagged

   
3.1.1 Collaborative projects:

Social media, in the Collaborative Projects 
category, was primarily made available through 
widgets placed on a state government Web site. 
As such, the user would be allowed to share and 
rank state resources using social bookmarking or 
social rating sites.  

Figure 5 shows a widget utilized by North 
Dakota’s Department of Agriculture that allows 
a user to share this resource via a range of social 
media types. This widget was found while 
traversing links on about 60% of the sites.

Figure 5. ND.gov (North Dakota) widget for user 
sharing via collaborative projects social media 
[11].

3.1.2 Blogs and microblogs:

Social media, in the form of Blogs and 
Microblogs, provide state governments an 
opportunity to engage and inform citizens of a 
chronological listing of events, activities, 
legislation, regulations, alerts, and much more.  

Table 2 summarizes data about the usage of 
blogs and microblogs, as found on the sampled 
sites.  There is a significant disparity in the use 
of blogs and microblogs (Twitter), as shown by 
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the data in the table.  Less than 30% of the state 
government sites provided access to a blog via 
the links traversed.  However, 100% of the state 
sites had links to multiple microblog pages. 

Table 2: Blogs and microblogs 
Social 
Media 

No. of 
Sites

Total 
Occurrences

Highest 
Occurrence

Blog 2 22 21
Twitter 7 146 100

Utah was an exception to the low linkage to 
blog resources.  In fact, Utah provided 
homepage access to aggregated links to 41 state, 
city, county, and education blogs. (Figure 6 
shows a partial listing of the 21 Utah 
government blogs.) The State of Utah has blogs 
in support of many state agencies inclusive of 
departments of commerce, tourism, labor, and 
transportation.  Utah blogs also provide citizen 
access to state and community resources 
including libraries, wildlife, culture, and elected 
officials, among others.  From a usability 
perspective, each blog link is clearly labeled and 
readily accessible.

 

Figure 6. Utah.gov partial listing of aggregated 
blog links to state resources [12].

Microblogs, and Twitter,com in particular, 
offer a fast and simple means of connecting to 
citizens using mobile and Web technologies.  

Over 40% of the sampled sites provided 
homepage access to a large number of state-
related Twitter pages.  Utah linked to 100; 
Oklahoma linked to 20; and North Dakota linked 

to 12 Twitter pages.  Almost 60% of the sites 
had homepage links to Twitter resources; 
however, West Virginia’s homepage link was to 
only one Twitter page (tweets about the 
Governor). Oklahoma supplemented aggregated 
access to microblogs with a prominently 
displayed Twitter feed on its homepage.   

North Dakota and Oklahoma had clearly 
labeled links to Twitter resources listed on an 
aggregated page.  Utah had a homepage link to a 
Twitter page that displayed 100 icons, each of 
which linked to a separate Twitter page (Figure 
7 shows a partial listing). Though this design 
approach provides easy access to centralized 
resources, it adds design complexity in that the 
user must search and recognize the icons in the 
list.

Figure 7. Utah.gov listing of Twitter icons [13].

3.1.3 Collaborative communities:

Table 3 summarizes data about 
Collaborative Communites, as found on the 
sampled sites.  Collaborative community social 
media offer citizens an opportunity to access and 
share resources in a variety of formats. 

Table 3: Collaborative communities 
Social 
Media 

No. of 
Sites

Total 
Occurrences

Highest 
Occurrence

Flickr 6 12 3
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Scribd 1 1 1
Slideshare 1 1 1
TripAdvisor 3 3 1
Vimeo 3 4 2
VirtualTourist 1 1 1
Youtube 7 15 4

None of the sampled sites provided an 
aggregated location for collaborative community 
social media. Oklahoma provided an 
aggregation of video links several of which were 
to Vimeo.com video sharing.

Utah utilized the largest variety of 
collaborative community social media resources 
when compared to other states. Utah was the 
only state site for which Scribd, Slideshare, and 
VirtualTourist links were found. Utah used 
Slideshare and Scribd to share with the public its 
presentations and publications. It linked to 
TripAdvisor and VirtualTourist for information 
exchange related to tourism.  

Video sharing, via Youtube and Vimeo, was 
utilized by all state governments. Flickr was 
used by about 86% of the sites to share photos.  

Table 4:  Social networks
Social 
Media 

No. of 
Sites

Total 
Occurrences

Highest 
Occurrence

Facebook 7 80 51
Foursquare 1 1 1
LinkedIn 1 1 1
Yelp 1 1 1

3.1.3 Social networks:

Table 4 summarizes data about Social 
Networks, as found on the sampled sites.  Social 
networks, both mobile and Web-based, provide 
citizens an opportunity to engage and interact 
with the online community. All state sites had a 
link to Facebook pages.  LinkedIn, which is a 
professional social network, was found as a link 
on only the Utah Web site.  Foursquare, a 
mobile location-based social network, was also 
found solely on the Utah Web site. 

Over 40% of the sites had a Facebook link on 
the homepage.  West Virginia linked to one 
Facebook page containing information related to 

the governor.  Utah and North Dakota had a 
homepage link to an aggregated resource page. 
Utah aggregated 51 Facebook links and North 
Dakota aggregated 11 Facebook links on their 
respective resource pages. Figure 8 shows 
Utah’s aggregation of Facebook resources 
presented in a simple, usable design.

Figure 8. Utah.gov Facebook aggregation [14].

Table 5:  Other Web technologies
Web 

Technologies
No. of 
Sites

Total 
Occurrences

Highest 
Occurrence

Email Lists 6 247 183
Enewsletters 6 27 14
Podcasts 3 5 3
RSS Feeds 7 75 35

3.1.4 Other resources:

In addition to social media resources 
previously identified, each of the state sites 
utilized supplemental technologies for electronic 
dissemination of resources.  Table 5 summarizes 
these technologies, as found on the state sites.

Over 86% of the sampled sites offered its 
citizens the capability to sign up for email 
notices. Alaska aggregated 183 email lists, a 
partial list of which is shown in Figure 9.  
Oklahoma aggregated 37 and Utah aggregated 
24 email lists, respectively.
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Figure 9. Alaska.gov aggregated list serve [15].

Electronic newsletters (enewsletters) were 
also used by over 86% of the sampled sites.  
North Dakota aggregated its 14 links and 
Oklahoma aggregated its 8 links.  Oklahoma’s 
aggregated newsletter links were accessible from 
its homepage. 

Really Simple Syndication (RSS) feeds were 
utilized by 100% of the sampled sites. 
Oklahoma provided 18 and Utah provided 35 
aggregated links; respectively, to RSS feeds. 

Podcast links appeared less frequently, which 
may be a reflection of being replaced by social 
media technology that offers audio and video 
capabilities. Oklahoma aggregated three of its 
podcast links.  Utah and North Dakota each had 
one podcast link found on a Web page while 
traversing the site.

About 40% of the sampled sites had a link to 
a mobile version of a Web component. One link 
was found on each of the North Dakota and 
Alaska sites during traversal of links. Utah 
aggregated links to its twelve “Mobile-Ready 
Government Sites” on its Mobile Web page.

About 72% of the sampled sites utilized 
Google maps as an embedded resource; while 
86% utilized an interactive map feature.  Florida 
offered a combination of an interactive map with 

real-time feeds (Twitter, fishing reports, and 
Webcams), as shown in Figure 10.

Figure 10. Myflorida.com interactive media [16].

4. Summary and Future research
The data findings thus far show a wide 

variation in how states are making available to 
citizens social media resources to engage, 
inform, and communicate.  We summarize our 
findings as follows:  

Homepage Aggregation – Over 40% of the 
sampled sites did not have access to aggregated 
social media resources on the homepage.  This 
poses a potential usability barrier given citizens 
land on the homepage in search of state 
resources.  Social media technologies, utilized 
by the state and its agencies, should be both 
visible and accessible on the homepage. 

Collective Projects Links – About 30% of the 
sampled sites did not take advantage of 
commonly used “Share All” widgets that 
promote information sharing via a wide range of 
social media technologies.  These widgets 
should be strategically placed on Web pages to 
engage and interact with targeted user groups.

Blogs and Microblogs – Though 100% of the 
state sites had links to Twitter pages, not all 
provided a centralized location of Twitter 
resources. This would be important from a 
usability perspective in providing a simple, 
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centralized design to encourage participation by 
Web and mobile user groups.

Collaborative Communities – Utah lead the 
way in the use of a wide range of social media 
technologies.  As state governments increase 
their use of these technologies, it would be 
important to aggregate them along with more 
commonly used ones (e.g., homepage links to 
Twitter and Facebook.)

Social Networks – Though 100% of the 
sampled sites utilized Facebook, they did not 
provide homepage links for easy access.  Social 
media such as Foursquare, targeting Mobile 
devices, should be explored as opportunities for 
expanded reach. 

We will continue our exploratory research to 
include all 50 state government sites.  We will 
also expand our research to include state 
government policies and guidelines, as well as 
their implementation, in ensuring personal 
privacy and security is maintained in the use of 
use of social media resources found on state 
government Web sites.
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Abstract

This case study analyzed the production 
system of a local company, Ujamaa Embroidery 
and Design, a custom apparel shop, and 
developed recommendations for improving their 
current supply chain process.  The analysis 
disclosed that Ujamaa had developed some 
unsustainable business practices. The analysis 
involved documenting customer observations, 
gathering supplier data, and examining data 
sufficiency using a chi-square test. In addition, 
simulation and forecast models were developed 
to describe the behavior of Ujamaa supply chain.  
The results disclosed that ordering larger 
shipments, increasing the staff and decreasing 
the amount of time that each product waits 
would increase profits and brand loyalty, as well 
as expanding the customer base.

1.  Purpose

The objective of this project was to 
observe, analyze, and simulate the business 
operations of a local establishment.  A simula-
tion is an imitation of some real object, state of 
affairs, or process, generally representing certain 
key characteristics or behaviors of a selected 
physical or abstract system.  Simulations are 
usually performed to permit an assessment of the 
efficiency of the organization’s current supply 
chain model in order to draw conclusions and 
make recommendations.

2.  Introduction

The company that agreed to participate 
in this live case study was Ujamaa Embroidery 
and Design.  The owners are Tracy and Robert 
Williams, alumni of Florida Agricultural and 
Mechanical University and have been in busi-

ness since 1991. At the inception of this study, 
the business was located at 1815 South Adams 
Street, Tallahassee Florida but relocated to a 
smaller space at 1533-1 South Monroe Street.  

The company sells customized merchan-
dise including, but not limited to, scarves, hats, 
rings, paddles, necklaces, shirts, jackets, and 
other organizational materials, with a special 
emphasis on Greek paraphernalia. The majority 
of items are made to order, with very few excep-
tions of customers pre-made products. 

The company has a multitude of deliv-
ery options ranging from five, ten and fifteen 
day options.  There are also options for same 
day or next day delivery. However this increased 
service level must be paid in advance.  Order 
options can be placed by telephone, in person or 
online.  There must be a 50% minimum deposit 
on all orders, and orders of $25.00 dollars or less 
must be paid in full.

3.  Customer Profile Information

During the business hours on scheduled 
days, the team observed the customers’ behavior 
profile, and used the data to generate 
observations for calculations that would be 
needed in the future. 

Customer observations included, but 
were not limited to, the arrival time at the 
business, the size of customers (individual or in 
a group), the gender composition of the group, 
and total amount of time spent in the store. The 
time between arrivals and hours of operation that 
was displayed are represented in total minutes 
and hours.  Further data specified the action of 
each customer that ranged from picking up 
shirts, complaining, placing orders, placing 
inquiries about previous orders, browsing, 
making payments and picking up finished goods.  
The team also made some qualitative 
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observations, such as interactive customer 
observations, as the customers asked the owners 
a great many questions concerning the dates for 
order completion.  Customers rarely browsed the 
store at all, even though they frequently waited a 
significant amount of time for their merchandise. 

Ujamaa has a reputation of having poor 
customer service, not having its products ready 
by the specified time, or at least in a time that 
the customers believe to be satisfactory.  This 
reputation caused experienced customers to 
warn new and potential customers to expect 
longer completion times than those promised at 
product purchase.

4.  Distribution Fitting and Testing

The inter-arrival times for customers as 
well as the inter-arrival time for orders entering 
a specific business process were collected.  The 
count of each inter-arrival time for each entry 
into the business process, including the inter-
arrival time for the business as a whole, were 
tabulated to develop a frequency table.  The k 
values of each table were calculated along with 
interval ranges.  The count of values was then 
placed in each interval range and a bar graph 
created to display the most likely distribution 
exhibited by each dataset.  Once a likely 
distribution had been identified, which was 
exponential for all data sets, a test was 
performed with the chi square to estimate the 
accuracy of each determination.  The chi square 
test results were negative for roughly all of the 
data sets, with the exception of the initial inter-
arrival times. 

The hypothesis that the data sets were 
all exponentially distributed was rejected.  An 
empirical distribution was then calculated and 
that distribution tested against other theoretical 
distributions that might possibly fit the data.

5.  Simulation

The computer simulation software used 
to model Ujamaa Embroidery and Design was 
Promodel.  Before the software was used, the 
team underwent weekly training sessions in the 
class setting in order to develop familiarity with 
the system.  Afterwards the team initially set up 

the entities, the location icon and display 
systems.  Afterwards the process routings were 
determined by using a conjunction of firsthand 
observations and statistical observations to 
determine the number and direction of 
processes, as well as the wait times for each 
process.  Afterwards the entity arrival time was 
stated and the basic simulation was completed.  

Additional features were then included, 
such as shirts produced, and cost to gain an 
accurate picture of operations in the future given 
the present environment. The simulation was 
conducted for a one month period in order to 
encompass a realistic scenario for the company.  

6.  Simulation Output

The simulation output was listed 
according to the following processes; cashier, 
embroidery, pickup, display, order station and a 
process for the supplier. The number of entries 
into each of the processes was 309, 507, 307, 
311, 310 and 200 respectively.  The average 
time per minute for the preceding processes was 
33.91, 22.23, 2.16, 21.52, 32.70 and 51.01.   The 
percentages of utilization for all previous stated 
processes were 90.96, 97.85, 5.76, 58.10, 87.99 
and 88.55.

In analyzing the results it was 
interesting to discover that with the exception of 
the embroidery and pickup process, all of the 
process was blocked at least 50% of the time due 
to waiting on work on other processes with the 
cashier and supply process being blocked almost 
80% of the time. The embroidery process was 
almost never blocked due to the fact that the 
blockage was barely over a tenth of a percentage 
point. When the embroidery process was 
blocked it was due to a lack of supplies. 

The utilization rate was 97.85% noting 
that this process was almost constantly working 
on projects. This can be supported by the fact 
that the process following embroidery, the 
cashier process, is the one that reports the 
second highest blockage percentage of 86.17%. 
The simulation output suggests that in a month 
307 customers exited the system along with 199 
shirts and that the total cost of purchased shirts 
was $1592.  Disturbingly enough, about 57.68% 
of all customers were blocked in this system.  
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7.  Forecasting

In order to gain some insight as to how 
the economy might potentially affect sales, 
forecasts of the economy were conducted.  Time 
constraints limited the research that could be 
performed in the short amount of time, so it was 
necessary to make some key assumptions.  One 
assumption was that since the company under 
observation sells goods that are not considered 
basic necessities and are purely luxury 
purchases, that the sales of the company would 
be positively correlated with disposable personal 
income.  Once that was determined, the team 
gathered data on disposable personal income, 
quarterly, from the second quarter of 2010 to the 
second quarter of 1985.  Once that data was 
gathered it was entered into the program, called 
Fourcast, distributed parameters were estimated, 
and a forecast was made.  

8.  Conclusion

In conclusion the live case study project 
allowed the team to analyze and gain an in depth 
understanding of the company’s operations and 
to identify possible areas for improvement.  It 
was the opinion of the consulting team, backed 
up by the statistical output of the simulation, that 
the greatest improvement might be made by 
changing the embroidery process and the 
supplier’s delivery schedule. These would be 
done as follows: 1) I Increasing the load size of 
shipment so that the company will have more 
supplies, with fewer deliveries from the supplier 
in order to mitigate the blockage in the 
embroidery process; 2) Decreasing the amount 
of time that a product waits in the process to 
decrease wait times, utilization rates and the 
amount of costumers that are blocked and 
stopped in the system. 
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Abstract
In this paper, we present a tool for converting 
paths generated by a path finding algorithm from 
Processing into real world paths using Google 
Map and Google Earth services. We present an 
algorithm for converting paths in the Processing 
simulation to a KML file to be used in Google 
Earth. We also present an algorithm for using 
these paths to create an HTML file which uses the 
Google Maps API to request direction services. 
This generates a path displayed in Google Maps 
with text-based directions for that path. This leads 
to a more substantial visualization of the 
pathfinding algorithm’s results. We also explain 
the advantages/limitations of this conversion.

1. Introduction

By using the Processing programming 
language, we were able to provide a very basic 
visualization of our modified A* algorithm; 
however, the visualization is only for analyzing 
the performance of the algorithm. It provides no 
real world analog to what the path would look 
like. It could be possible to just overlay an image 
of a map on the simulation; however this provides 
no interaction with the map: can’t zoom in/zoom 
out, look at satellite view, etc. Fortunately, 
Google provides very robust services that allow 
for many possibilities with real world maps. One 
of these services is Google Earth. With Google 
Earth, users can locate any point in the world, as 
well as creating custom paths to overlay on 
Google Earth. Obviously, this lends itself well to 
our problem of mapping our path finding results 
to real world locations. All of this is achievable 
with Google Earth by using the Keyhole Markup 
Language (KML). Although this solution provides 
a fairly decent visualization of the path, the path is 
only overlaid onto a map. This provides no 
information about that path, i.e., text based 

directions for the path. Using the Google Maps 
API, we are able to not only overlay the path onto 
a Map, we can provide text-based directions for 
that path. 

In this paper, we present a solution to mapping 
a path generated from our modified A* algorithm 
to Google Earth as well as to Google Maps. We 
will explain the process of setting up the simulator 
to allow the path to be exported to Google Maps. 
We will also explain the conversion process of 
taking paths from our algorithm and turning them 
into real world paths. We will focus less on the 
modified A* algorithm, as the state of this 
algorithm and simulator was in a very early stage 
during this work. Instead, we will focus on the 
conversion process, as well as the results that it 
generates.

2. Background and Related Work

While there have been many attempts of using 
the Google Maps API for creative things: 
WalkJogRun [1], a website for creating custom 
jogging routes, VeloRoutes [2], a website for 
creating custom bicycle routes and analyzing the 
elevation profile, and Lookout [3], a tool for 
tracking a missing cell phone, there does not 
appear to be any uses of the Maps API that try to 
create custom paths using another path finding 
algorithm other than Google’s. In this section, we 
provide background about Google Earth and 
KML, the Google Maps API, as well as 
Processing (the development environment and 
language used to export the path), and the 
simulator.

2.1 Google Earth

Google Earth is a standalone application that 
provides very robust services. These services 
include viewing “satellite imagery, maps, terrain, 
3D buildings, galaxies in outer space, and the 
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depths of the ocean” [4]. Essentially, Google 
Earth is a more in depth version of Google Maps 
and is more attuned for exploring the Earth (and 
space and the ocean), rather than quickly looking 
up a location or getting directions as Google Maps 
is designed. While Google provides a Pro and 
even Enterprise version of Google Earth, these 
versions are unnecessary. Only the standard 
version of Google Earth was used for this work.

Figure 1: Initial view of Google Earth 
Application

One of the interesting features of Google Earth is 
the ability to add custom placemarks, shapes, 
image overlays, and lines. Obviously, this lends 
itself to customization, i.e., creating custom paths, 
adding placemarks at specific locations or for 
adding labels. 

Figure 2: Example of custom path in Google 
Earth

Figure 2 gives an example of a custom path in 
Google Earth. This path was created manually in 
Google Earth; however, Google provides a way to 
create paths without directly using Google Earth: 
the Keyhole Markup Language.

2.2 Keyhole Markup Language

The Keyhole Markup Language (KML) is a 
standard of the Open Geospatial Consortium 
developed by Google and is essentially an XML 
based language “focused on geographic 
visualization, including annotation of maps and 
images” [5]. Since it is a standard, KML can be 
used in many applications include NASA 
WorldWind, ESRI ArcGIS Explorer, and 
AutoCAD [6]. KML provides many features 
including the ability to add Placemarks, 
Coordinate Points, LineStrings, etc. LineStrings 
are essentially what can make up paths in the 
Google Earth environment. 

Figure 3: Example KML file

Above, Figure 3 illustrates a very simple KML 
file that places a Placemark at the specified 
coordinate. The bolded information in the KML is 
the keywords associated with all KML files. As 
with most XML style languages, KML follows a 
defined schema to ensure that any programs such 
as Google Earth, can correctly display the 
information conveyed in the code.

<?xml version="1.0" encoding="UTF-8"?>
<kml xmlns="http://www.opengis.net/kml/2.2">

<Placemark>
    <name>Basic Placemark Example</name>
    <description>                                           
Example of a Simple KML File.        
</description>
    <Point>
      <coordinates> -89.2904,31.3340,0      
</coordinates>
    </Point>
  </Placemark>

</kml>
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Figure 4: Results of Loading the KML file

As seen above in Figure 4, the KML file displays 
a basic placemark at the specific location. The 
placemarks are customizable and can be changed 
by using style elements in KML. 

2.3 Google Maps and Google Maps API

While Google Earth is good for a more in depth 
look at maps, geographic information, etc, Google 
Maps is meant more for the average user and 
provides basic functionality such as searching for 
a location, requesting directions, and using 
Google StreetView to get a detailed look at 
buildings, street, etc. 

Figure 5: Basic view of Google Maps [7]

While all of these features can be accessed 
manually, Google also provides the ability to 
programmatically access map information using 
their Google Maps API. While there are many 
versions of the Google Maps API: JavaScript, 
Flash, Static Maps, etc [8], for this work, we are 
using version 3 of the JavaScript API. The Google 
Maps API allows for Maps to be created for web 
pages and mobile devices and provides many 

services such as geolocation requests, direction 
requests, and even elevation requests. Although 
the API provides a lot of features, the main 
feature used in this project is direction requests.

Figure 6: Simple JavaScript Google Maps 
Example

The JavaScript code is either written in its own 
file with a “js” extensions or the code can be 
directly written in an HTML file. As evident by 
Figure 6, the overall process of coding using the 
API is fairly simple. A notable feature is the 
options variable which basically defines what the 
initial view of the map is. The mapTypeID defines 
what type of map will be viewed. This includes 
road map, satellite, hybrid, and terrain [8]. 

Figure 7: Result of code from Figure 6

2.4 Processing
Processing is a development environment and 

programming language created by Ben Fry and 

var map;
function init() {
  var mapDiv = document.getElementById(“map”);
  var options = {
    zoom:12,
    center: new google.maps.LatLng(31.3340, -89.2904),
    mapTypeId: google.maps.MapTypeId.ROADMAP
  };
      
   map = new google.maps.Map(mapDiv,options);
}
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Casey Reas with the intention of allowing easy 
creation of visual information, i.e., shapes, 
images, animations, etc [9]. Obviously, this lends 
itself well to creating some type of simulation. 
Although Processing is a language, Processing 
programs are actually converted to Java code [9]. 
The main benefit of using the Processing language 
rather than writing directly in Java is that creating 
visual elements are much easier in Processing. 
Another benefit of Processing is that custom Java 
libraries (with some modification) can be used 
directly in Processing programs. 

Figure 8: Example Processing Program

2.5 Traffic Simulator

Although this paper focuses mostly on 
converting paths from the simulator to other 
formats, a brief explanation of the simulator is 
needed. The simulator was created in Processing 
and uses a pathfinding library written in Java [10]. 
While this library contained other algorithms, A*, 
Dijkstra, etc, we created our own algorithm using 
the functions and classes already provided in this 
library. The state of this simulator at the time of 
this project contained essentially 2 views: a 
simple view of one car’s path, and a more robust 
view in which there were multiple cars moving to 
their destinations and the environment was 
changing dynamically. For this project, we 
focused on the former. 

  
Figure 9: Output of Traffic Simulator

Figure 9 is an example of a path generated by the 
algorithm. In the case of this example, the starting 
position is in the bottom left and the goal is in the 
top right. The environment is composed of 30 
nodes (intersections). Each intersection has a 
congestion level as indicated by the colored nodes 
in environment. The association between color 
and congestion level is explained in Table 1. 

Color Congestion Level
Red 1

Green 2
Blue 3

Orange 4
Black 5

Table 1: Color and Congestion Level 
Explanation

The light gray nodes are just representation of the 
street and are not used in the calculation for the 
path. 

3. Path to KML (Google Earth)

To give real locations to every intersection in 
the simulation, a latitude and longitude variable 
was added to the Node class. The coordinate 
values are hard coded for each node for the sake 
of simplicity and represent a similar street design 
that the simulation presents. 

Figure 10 represents the basic idea behind 
converting the path generated in Processing to the 
KML format. The first function generateKML, 
essentially loops through each node in the 
generated Path and adds its coordinates to a 
LineString. The second function adds the 
congestion information to the map. The process is 
very simple; however, the end result is a very 
useful and more substantial visualization. 



Proceedings of the 2011 IEMS Conference

39

Figure 10: Psuedo Code of Path to KML

Figure 11: Path to KML Result

While this was a step in the right direction in 
generating a useful visualization, it was limited 
because other than the overlay on top of Google 

Earth, there was nothing really explaining where 
the path was going, and what streets it was taking. 
This led to the next conversion process: 
converting the path with Google Maps.

4. Path to Google Maps

The main advantage over using Google Maps 
rather than Google Earth is the ability for the 
Maps API to request directions using JavaScript. 
Although you can request directions from any 
starting point to any destination, the path finding 
is up to Google’s algorithm. Fortunately, there is a 
way around preventing Google from using its 
algorithm. The solution is waypoints. Waypoints 
are essentially “stops” along the way. So rather 
than going from point A to point D, the path can 
go from Point A to Point B, then to point D. 

Figure 11: Example of Waypoint between 
points A and D

By using waypoints, we can essentially, create our 
own paths, since going from one intersection to 
the next intersection most likely will just result in 
a straight line path. This process is not without its 
limitations. Unfortunately, the standard Google 
Maps API only allows up to 8 waypoints. There is 
a premium Google Maps API that allows for up to 
21 waypoints; however, that was unnecessary for 
this project. The solution to this problem was very 
simple: rather than adding a waypoint for every 
node that the path crosses, we add every other 
node as a waypoint. The general idea behind this 
is that Google’s algorithm most likely will not 
generate a strange path (although this isn’t 

void generateKML(Path,Map)
{
      Output = createFile(“path.kml”);
      createGenericKMLHeader(output);
      
      Output.print(“<Placemark>”);
      Output.print(“<LineString>”);
      Output.print(“<coordinates”>);
      foreach(node in Path) {
           output.print(node.lng +”,”+node.lat +”,0);
      }
    
      Output.print(“</coordinates>”);
      Output.print(“</LineString>”);
      Output.print(“</Placemark>”);

     createCongestionLabels(Output,Map);

     Output.Save()
}

void createCongestionsLabels(Output,Map)
{
      createLabelStyles(Output);

      foreach(node in Map)
     {
          //based on congestion of node, add  
            corresponding marker to map
      }
}
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entirely the case). Obviously, the longer the path, 
the less this solution will work; however, this was 
not a problem for this work. 

Figure 12 represents the general idea behind the 
converter. The result is a custom path with text 
based directions.

While this process generates a path and directions, 
the other advantage is that all of the features of 
Google Maps are present. This includes Street 
View and Satellite View. Unfortunately, the 
conversion process is not entirely perfect. As it 
was stated before, since the number of waypoints 
is limited, using every other node as a waypoint 
doesn’t entirely generate the same path that was 
created in the simulation. 

Another problem is since the path finding is up to 
Google’s Algorithm, things like one way streets 
are taken into consideration which can cause 
changes in the path if the street in Google Maps is 
one way.

5. Future Work and Conclusion

An improvement to this project would be to 
make the ability to change the coordinates of 
nodes much easier than hard coding them. This 
would allow for paths to be created for more than 
one location. Another improvement would be to 
make maps in the simulator easier to change. This 
is less an improvement for the Google Maps 
conversion and more for the simulator. 
Unfortunately, the only way to improve the issue 
with waypoints would be to just purchase the 
premier package of the API; however, the 
premium API is more for commercial use rather 
than research.

By using Google Maps and Google Earth, this 
project was able to provide a more informative 
and useful visual for paths created in the 
Processing simulation. Rather than viewing the 
path in the simulator’s environment, this work 
presents the path in a real world context as well as 
providing detailed text directions describing the 
path.

Figure 12: Pseudo Code of Path to Google 
Maps

Figure 13: Result of Path to Google Maps

void generateHTML(Path,Map)
{
    Output = createFile(“output.html”);
    
    createHTMLHeader(Output);

    foreach(node in Map)
    {
         //add congestion marker based on 
         congestion
    }

    for(every other node in Path)
    {
        Output.print(“waypoints.push(node’s coordinates)”);
    }

    Output.print(“var request = 
                           Origin: startnode,
                           Destination: endnode,
                           Waypoints: waypoints;”)
                                                                                                        
Output.print(“directionsService.route(request)”)

    Output.save();
} 
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Figure 14: Differences in paths from simulator 
to Google Maps
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 Abstract 

Our project for the Fall 2010 semester was to 
complete a live case study to assist our client, 
Fat Sandwich, in order to improve their supply 
chain and global logistics processes in order to 
minimize cost. We utilized modeling, animation, 
and simulation technologies to complete this 
task. 

1. Introduction 

The National Restaurant Association 
forecasts that the restaurant industry average 
sales will be $580 billion in year 2011. The total 
number of locations of restaurants is 945,000. 
The total number of employees in the restaurant 
industry is 12.7 million, which is one of the 
largest private-sector employers. The restaurant-
industry share of the food dollar is 49%. Seventy 
percent of all restaurants that open either close 
or change hands within the first five years. The 
three reasons are poor location, insufficient 
capital, and lack of industry experience.

An understanding of global logistics in small 
businesses is critical to their success. Small 
Businesses have an 80 percent failure rate within 
the first three years of start up. Effective 
management of costs, especially supply chain 
costs, will help small businesses survive during 
the first years of operation. Global logistics 
techniques give small business the ability to 
more efficiently manage production schedules 
and inventory levels. 

2. The Company

2.1 Fat Sandwich
Our client, Fat Sandwich, is a small business 

in Tallahassee, Florida and is located between 
two universities, Florida A&M University and 
Florida State University. Fat Sandwich is located 
at 825 Railroad Avenue, Tallahassee, FL 32310. 
The company was started on May 17, 2002 by 
owners Joey Huot, Benson Turner, and Luis 
Jiminez. Fat Sandwich is a fast-food restaurant 
that specializes in creating an array of specialty 
and personalized sandwiches. Fat Sandwich’s 
target markets are students, local area 
professionals, and people on their lunch break. 
The competitive advantage is quality, customer 
service and price. Fat Sandwich’s value-added 
proposition is that the company competes on 
atmosphere, ease of access and location. 

2.2 Supplier

Fat Sandwich’s only supplier is Sea Breeze 
Food Service which is located in Jacksonville, 
Florida. Sea Breeze Food Service is a family 
owned and operated wholesale food service 
distributor. The company offers a full line of 
institutional food related products that are both 
food and non-food. Additionally, Sea Breeze 
offers over 4,000 quality food service products 
from the top manufactures in the industry. Sea 
Breeze also offers its clients refrigeration, dairy, 
seafood, fresh meat, poultry, dry goods, produce, 
paper products, and equipment. The company’s 
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distribution area covers a 220 mile radius 
surrounding the Jacksonville, Florida area and 
South Georgia. Sea Breeze Food Service 
provides all of Fat Sandwich’s food products 
except bread which is produced in-house at Fat 
Sandwich. Sea Breeze Food Service delivers to 
Fat Sandwich three times a week on Monday, 
Wednesday, and Friday. A Sea Breeze sales 
representative visits Fat Sandwich twice a week 
to ensure that Fat Sandwich’s, needs are met. 

3. The Business

3.1 The Supply Chain Process

A supply chain refers to the flow of 
materials, information, and services from the 
first production stages until the sale of goods or 
execution of services to the customer. The 
number of elements involved in the supply chain 
can vary greatly. However, these elements and 
the coherent and effective flow between them 
can greatly affect a business. To choose the best 
supply chain process, a thorough understanding 
of a supply chain is required to avoid wasteful 
practices and to ensure that the process is 
feasible. Choosing the best supply chain process 
requires understanding exactly what a supply 
chain is and what is needed to be efficient and 
responsive. Supply chains vary from business to 
business. If a product is produced, the supply 
chain begins with the manner in which you 
obtain the raw materials. 

The supply chain process begins with 
the order specialist from Sea Breeze Food 
Service. The order specialist, who is located in 
Tallahassee, Florida gathers information and 
reports the order back to Sea Breeze Food 
Service. Sea Breeze Food Service then collects 
what is needed before delivering to Fat 
Sandwich the next day. After the raw materials 
are delivered, Fat Sandwich processes the raw 
materials and produces the final product which 
is sold to the customer. Fat Sandwich’s final 

products are the specialty and personalized array 
of sandwiches. 

3.2 Data Collection

We have two types of data: data collected from 
observations and data acquired from the 
Department of Commerce. Throughout the 
semester, we observed Fat Sandwich on 
Mondays and Tuesdays, during the hours of 
11am to 3pm. We collected data for customer 
inter-arrival time, order time, assembly time, and 
delivery time. We tested the data and found 
normal and exponential distributions. The 
personal income data from the Department of 
Commerce was used estimate future demand. 
The other industry data used was for weekly 
costs of ordering raw materials, cost of 
refrigeration and cost of storage.

We determined the customer demographics 
of Fat Sandwich through direct observation. Our 
research revealed that there was an even split 
(50/50) between male and female to patrons to 
Fat Sandwich. Eight six percent Caucasian 
customers compared to 14 percent African 
American customers. The age range of Fat 
Sandwich customers is from 21 to 48 years. The 
customer types are students, local area 
professionals, and people on their lunch break. 
Sixty percent of Fat Sandwich customers pay 
cash verses 40 percent who pay with a credit 
card. The majority of customers purchase the 
French Dip, Cuban, and Meatball sandwiches. 
When the customers were asked why they chose 
to patronize Fat Sandwich, they stated that it was 
because of location, quality of food, and their 
need to support local business.

After further analysis, we gained deeper 
insight about Fat Sandwich’s customers. We 
discovered that customers preferred to visit the 
restaurant in groups rather than individually. On 
average customers visited in groups of two 
between 12 p.m. and 1 p.m. Additionally, 93 
percent of customers preferred to place their 
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orders in the store rather than using another 
method, i.e. calling in advance. During Fat 
Sandwich’s busiest time of the day, four 
customers at a time came in, approximately 7 
minutes apart.

3.3 Distributions

We collected data based on the locations 
in the Fat Sandwich restaurant. The inter-arrival 
time, order time, assembly time, and delivery 
time were observed. We tested the data and 
determined the distributions by doing a chi-
square goodness of fit test.

The summary of our inter-arrival data 
was fourteen instances of people that came 
between zero to five minutes. There were four 
instances of people who came between five to 
ten minutes. There were three instances when 
customers came between ten to fifteen minutes. 
And, one instance when customers came 
between fifteen to twenty minutes. 

Order time is the length of time it takes 
for a customer to place an order. The summary 
of the order time data was that there were five 
instances when it took thirty to forty-four 
seconds for customers to place an order. There 
were eight instances when it took forty-four to 
fifty-eight seconds for customers to place an 
order. There were five instances when it took 
fifty-eight to seventy-two seconds for customers 
to place an order. There were four instances 
when it took seventy-two to eighty-six seconds 
for customers to place an order.

Assembly time is the length of time it 
takes for the employees to prepare an order. The 
summary of the assembly time data was that 
there were five instances when it took three to 
seven minutes for the employees to prepare an 
order. There were six instances when it took 
seven to eleven minutes for the employees to 
prepare an order. There were seven instances 
when it took eleven to fifteen minutes for the 
employees to prepare an order. There were four 

instances when it took fifteen to nineteen 
minutes for the employees to prepare an order.

Delivery time is the length of time it 
takes for the employees to deliver an order to the 
customer within the restaurant. The summary of 
the delivery time data was that there were twelve 
instances when it took five to ten minutes for the 
employees to deliver an order to the customer. 
There were six instances when it took ten to 
fifteen minutes for the employees to deliver an 
order to the customer. There were three 
instances when it took fifteen to twenty minutes 
for the employees to deliver an order to the 
customer. And, there was one instance when it 
took twenty to twenty-five minutes for the 
employees to deliver an order to the customer.

3.4 Classification
 

Exponential Distribution is defined as the 
time between events in a Poisson process, i.e. in 
which events occur independently of each other 
at a constant average rate. Before testing the 
data, the inter-arrival and delivery time data 
appeared to be negatively exponentially 
distributed. 

Before testing the data, the order and 
assembly time data appeared to be normally 
distributed.

3.5 Chi- Square Goodness of Fit Test

After compiling the raw data from Forty-
Seven Fat Sandwich observations, we conducted 
a goodness of fit test. We concluded that for all 
four locations: Inter-Arrival Time, Order Time, 
Assembly Time, and Delivery Time, the chi 
square distribution values (theoretical values) 
proved to be higher than our calculated test 
values. Therefore, it allowed us to accept both of 
our hypotheses of normally distributed and 
exponentially distributed data. This held true for 
all observed locations.  
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4. Forecasting

In the modern supply chain, forecasting is 
necessary for companies that both manufacture 
and sell products. Forecasting is done to ensure 
that customer demand will be met. 

Forecasts are developed for a company’s 
finished goods, components and expected costs. 
The forecast is used by the managers to develop 
their budget, purchase order triggers, quantities 
and safety stock levels. The forecast is not static 
and should be reviewed by management on a 
regular basis. 

The Fourcast computer program was 
utilized to calculate the forecast for Fat 
Sandwich. 

5. Simulation

In our Promodel simulation for Fat 
Sandwich, we have four locations that include 
arrivals, orders, assembly and delivery. 
Additionally, it contains four entity spots which 
have exponential waiting times that have a mean 
of .98, 9, and .22 for the order times, assembly, 
and delivery respectively. The data for the wait 
time was entered based on the mean that was 
calculated for the goodness of fit test in the 
preceding weeks. This simulation was set up to 
depict the actual process that occurs in Fat 
Sandwich from the time a customer enters to the 
point at which a product is delivered to the 
customer.

6. Recommendation

We have three recommendations to help 
improve Fat Sandwich. Those recommendations 
are to decrease frequency of deliveries to twice a 
week, increase quantities delivered on two 
orders, and invest in energy efficient 
refrigeration to increase storage capacity. These 
recommendations are cost effective and are 
supported by global logistics theory. Global 

Logistics Theory states that the process should 
be efficient and coherent, and not wasteful by 
including elements that are unnecessary. In 
reference to Fat Sandwich, the element that is 
unnecessary is the third delivery of raw 
materials from Sea Breeze Food Service. Hence, 
the process can be streamlined to allow for on-
site storage utilizing an energy efficient 
refrigeration system. Fat Sandwich will have 
cost savings over the long run. Fat Sandwich can 
capitalize on the U.S. government tax 
advantages when businesses become more 
environmentally friendly. 
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 Abstract 

In the electrical engineering technology 
microprocessor curriculum, interfacing plays an 
important part in the hardware and software 
aspects of input/output communication. The 
purpose of the paper is to explore interfacing of 
the Motorola 68HC11 & 68HC12 
Microcontroller boards with LCD display 
modules.   

1. 68HC11 & 68HC12 Microcontrollers 
The MC68HC12 microprocessor belongs to a  

family of 16-bit microcontrollers from Freescale 
Inc., a Motorola spin-off, which upgrades the 
popular 8-bit family of 68HC11 
microcontrollers. The design and architecture 
combines many features of 8-bit and 16-bit 
microcontrollers and includes: 

- In-System Programming capability with 
on-chip flash memory

- Timer System provides full extensive 
timer features including PWM (Pulse 
Width Modulation), RTI (Real Time 
Interrupt), etc.

- Background Debug Mode (BDM) 
allowing for accessing internal resources 
and source level debugger design

- Multiple Serial Interfaces that include 
UART (Universal Asynchronous 
Receiver-Transmitter), SPI (Serial 
Peripheral Interface), I2C (Inter-
Integrated Circuit Serial Interface), 
CAN (Controller Area Network) bus, 
etc., which allows interface with various 
peripheral devices serially that include 

LED driver, LCD, ADC, DAC, 
memory: SRAM, EEPROM, etc.

- Fuzzy Logic built-in library of fuzzy 
instructions supports fuzzy logic 
operations at assembly language level.

  
The microcontroller boards hosting the 

68HC11 and 68HC12 microprocessors used here 
were manufactured by Axiom Manufacturing, 
Inc.[1]

2. Liquid Crystal Display LCD 
 Liquid crystal displays (LCDs)  have been a 

popular display technology used for quite some 
time for displays of alpha-numeric symbols 
replacing seven-segment displays. They offer 
low power consumption, small dimensions, and 
high reliability. 

LCDs rely on optical properties of liquid 
crystalline substances by controlling reflection 
of available light, which can be either ambient 
(reflective LCDs) or internal (backlit LCDs). 
The presence or absence of an electric field 
results in changes in alignment of crystals in the 
crystalline substance, which causes changes in 
reflectivity.

A model of a LCD is displayed in figure 1.
A typical LCD allows a light to pass through 

when activated. To activate a LCD, a voltage is 
applied across each segment that develops 
electrostatic field, which aligns the crystals in 
the liquid. Aligned crystals allow for light to 
pass through the segment to hit a black 
cardboard backing, which absorbs the light, thus 
enabling a given segment to appear as “black.” 
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Non-activated segments appear much brighter 
due to randomly aligned crystals, which reflect 
the incoming light.[2]

Segment         Frontplane

 Black cardboard backing   Liquid crystal
                            
Fig. 1.  A Liquid Crystal Display

Computer displays use often backlit LCD 
where the segments appear brighter due to back 
light placed behind the display, in which light 
passes through aligned crystals in the presence 
of electric field.

 The drop in LCD prices in recent years made 
them a popular choice for computer systems 
displays. Suppliers of LCDs  provide either only 
LCD glass units that require proper waveform to 
drive the LCD segments to be generated by a 
microcontroller, or LCD modules, which 
combine LCD glass and the needed drivers and 
controllers on packaged circuit boards.

The LCD module used here was  
manufactured by Optrex Corporation, model 
DMC-20434 (20Characters X 4Lines) driven by 
a controller by Hitachi, model HD44780.    

Figures 2, 3, and 4 depict the block diagram 
of the HD447880 LCD module, LCD Pin 
Description of connections to a microprocessor, 
and Pin assignment for LCD port connector on 
microcontroller 68HC12 board, respectively. For 
details the reader is referred to references [1-3]. 

 

DB7                  HD447880  
:                        Controller       
DB0

          E
       R/W
         RS                                       Segment            
         VEE                                                                   Driver
         Vcc
         Vss

Figure 2. Block diagram of the HD447880 
LCD module

Pin Label Description
DB7-DB0 Data Bus lines
E Enable
R/barW Read/Write
RS Select Register 
VEE Supply Voltage for LCD 

drive – brightness control
Vcc-Vss Logic Supply Voltage 

Figure 3. LCD Pin Description / Labels 

The LCD display is connected to the data bus 
and/or registers  that are memory mapped    to 
locations $B5F0 through $B5F3 (68HC11) or to 
SPI (68HC12). Microcontrollers have dedicated 
LCD ports for LCD modules, which simplifies 
electrical connectivity to the microprocessor 
boards.

The LCD module has “command” and “data” 
registers, which need to be programmed for 
operation or function to be performed and 
input/output data to be read or written, 
respectively.

LCD

Segment 
Driver
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Pin Symbol I
/O

Function

1 Vss - Power Supply GND
2 Vcc - Power Supply +5V
3 VEE - Contrast adjust
4 RS I 0 = instruction 

input, 1 = data input
5 R/bar

W
I 0 = write to LCD, 1 

= read from LCD
 6 E I Enable
7 DB0 I

/O
Data bus line 0

8 DB1 I
/O

Data bus line 1

9 DB2 I
/O

Data bus line 2

10 DB3 I
/O

Data bus line 3

11 DB4 I
/O

Data bus line 4

12 DB5 I
/O

Data bus line 5

13 DB6 I
/O

Data bus line 6

14 DB7 I
/O

Data bus line 7

Figure 4. Pin assignment for LCD port 
connector on microcontroller 68HC12 board

3. LCD Interfacing 
The LCD module can be used in either 

memory-mapped mode or as an I/O port 
interfaced device. 

The LCD module has to be configured 
properly before using. The configuration process 
has to address the following issues:

1. Setting the display mode (2, 4 rows, 
etc.), font size, the width of the interface 
data (4 or 8 bits)

2. Function set: activation of the display, 
etc.

3. Clearing the display.

The timing interdependencies have to be 
addressed correctly. Naturally, the successful 
interfacing does require for control and 
input/output data signals to satisfy the HD44780 
module timing requirements. Specifically, 
sufficient delays have to be incorporated due to 
the slower speed of the LCD module compared 
to the microprocessor. 

The interfacing process needs to address 
interruption requirements. For details on 
interfacing the reader is referred to references 
[1-4].   

4. Application 
The LCD module has been used with the 

Motorola 68HC11 and 68HC12 
microcontrollers. The 68HC11 microcontroller 
by Axiom Inc., was interfaced with the LCD 
display via LCD port, which is memory mapped 
to address $B5F0. The listed example (see 
Figure 5 & Appendix A) shows the assembly 
program to display a string of characters, 
”Welcome to LCD Interfacing,” on a LCD 
display unit. 

The 68HC12 microcontroller uses SPI (Serial 
Peripheral Interface) for the LCD connection. 
68HC12 has three SPI channels, each having a 
full complement of SPI registers, which makes 
interfacing much more complex 
programmatically compared to 68HC11. 
Namely, the SPI has to be initialized prior to any 
communication with a LCD module. Also, 
proper timing has to be performed for successful 
interfacing. 

The set up of the SPI require the following 
steps:

1. Master mode, Enable – set bits MSTR, 
SS, clear of SPI flag – SPIO Control 
Reg 1, 2

2. Setting Baud Rate – SPIO 
3. SPIF bit of SPI Status Register is 

cleared after reading (to be followed by 
read or write to SPI data register).
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In the discussed application,  the LCD is used 
primarily to display text strings (in an output or 
writing mode) so the interrupt feature is not 
used. 

Figure 5. Microcontroller with a LCD 
Display
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7. Appendix 

*******************************************
* TITLE: LCD DISPLAY
*
* Date:

*Version:
********************************************

*************
* THEME: OUTPUT STRING TO A LCD
*
* HARDWARE: 68HC11 
********************************************

*************
*
* DIRECTIVES-ADDRESSES & CONSTANTS
*
ORG_ADDR  EQU $200
LCD_CM       EQU $B5F0
LCD_DTA     EQU $B5F1
END_STNG  EQU $00
STRNG          FCC 'WELCOME TO LCD 

INTERFACING!'
                       FCB END_STNG
*
*
*
                      ORG ORG_ADDR
*

                      JSR LCD_SET
LOOP            BSR DELAY
                      BSR CLRLCD
                      BSR DELAY
                      LDY #STRNG   ; INITIALIZE Y W 

STRING INIT ADDRESS 
                      JSR LCD_WRT
                      JSR DELAY
                      JSR DELAY
                      JSR DELAY
                      JSR DELAY
                      BRA LOOP
                      END          
*          
*
*
* LCD SET UP SUBROUTINE
*
LCD_SET    LDAA #$3C   ;SET 4X20 DISPLAY
                     STAA LCD_CM ;SEND CMD
                     BSR DELAY
                     LDAA #$01   ; CLEAR DISPLAY
                     STAA LCD_CM
                     BSR DELAY
                     LDAA #$0F   ; TURN ON DISPLAY
                     STAA LCD_CM
                     BSR DELAY    
                     RTS
*
* CLEAR LCD
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*
CLRLCD     LDAA #$01   ; CLEAR DISPLAY
                     STAA LCD_CM
                    BSR DELAY
                    RTS
*
*
* DELAY SUBROUTINE
*
DELAY       LDX #$FFFF  ; INITIAL VALUE
DELAYIN
                     DEX         ; DECR X
                     BNE DELAYIN ; INNER LOOP
                     RTS
*
*
* WRITE TO LCD SUBROUTINE
*
LCD_WRT
                     LDAA 0,Y      ; LOAD A W POINTER
                     BEQ FINI
                     STAA LCD_DTA  ; SEND TO LCD
                     INY           ; INCR Y
                     BSR DELAY  
                     BRA LCD_WRT   ; DISPLAY 

CHARACTER UNTIL END
FINI             RTS          
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Abstract

The evaluation of the university athletic 
website was done to tell us if the students, staff, 
and all users feel satisfied regarding the usability 
of it. The standards of the study were about the 
website effectiveness, efficiency, safety, utility, 
and learnability. This study could help in finding 
the usability issues that the user may have or 
they already experienced by using the web-site 
before. Some users may have some difficulty in 
finding out the information that they are 
interested in; others may have no idea about the 
advantages of university athletic website.

The study was conducted to figure out 
potential usability barriers of university athletic 
web sites offering all the sport information that 
are related to university athletic. Finding all the 
necessary information and how stability the 
website works.

1. Introduction 

The study evaluates all the sport 
sections level, by using the heuristics as general 
ideology for the Web site quality and design.  
Usability is a method for quick and easy 
evaluation of a user interface design. Usability 
testing is one of the most effective methods to 
assess the usability of a website [1]. In this 
study, ten participants were tested in order to 
collect the necessary data. This number of 
participates should be good enough to reflect 
usability problems on the web site [2].   

Based on the evaluation study, this method 
provides quick and relatively cheap feedback to 

designers. As a result, the participants show 
some great ideas in order to improve the user 
interface of the web-site. The researches noticed 
that it is beneficial to carry out a heuristic 
evaluation on early prototypes before actual 
users are brought in to help with further testing. 
In addition, usability testing is more accurate 
than other methods in order to estimate the 
severity of the usability issues, and the impact 
that they would have on the users. [3]

Our study focused on the usability testing to 
take into the sport sections and then into the 
information of the players, coaches, and all over 
the news. At the same time, we wanted to focus 
on the objective of using university athletic 
website. This information drives researches to 
know  the user’s point of view regarding the data 
that are posted on line in the athletic website 
studied. 

2. Literature Review

The study is focus on the usability of 
university athletic website. This is the main site 
for many students and staff who care about most 
kinds of sports. Usability is a complex concept 
that involves many different attributes. The 
selection and study of those attributes depends 
on the system to be tested and the test goals of 
the researches. [4]  Different design of the site 
may vary depending on their main objectives so 
it should be evaluated differently [9]. In this 
research the main attributes to be tested are: 
effectiveness, efficiency, safety, learnability, and 
memorability.
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 Usability can make the navigation of 
the users throughout the site more comfortable 
and increase their satisfaction, as well as 
increase the credibility of the website [5]. 
Participants were also motivated to give their 
opinions on some other aspects that are essential 
to determine the usability attributes, such as:  
easy to learn, easy to use, and pleasant to use 
[6].

The effectiveness of the website that we 
wanted to test is about the ability of the users to 
complete each task. Researches would not give 
any help or advice to users in order to guide 
them. Only completion of the entire task would 
be considered for the effectiveness. The 
Efficiency; is the extent to how much work does 
it require the user to do to complete a task [7]. 
For example if somebody wants to find out 
when the next soccer game is going to be, does it 
take the user to search a lot in order to find this 
easy task, or as soon as the user goes to the 
soccer section everything will be clear and easy 
to find. 

The safety was not that important goal 
because the website usability is for the all 
people, so there is no safety thing to care about. 
However, the website itself cannot let anybody 
to enter or post some information to the public; 
there is special team that covers all the news and 
they post the official news.

 Learnability meaning is to gain 
knowledge, comprehension, or mastery of 
through experience or study, so this study allows 
us to know and have a lot of experience whether 
the website’s users are comfortable with it or 
not. Finally the memorability of the website is 
strongly linked with clear layouts and intuitive 
navigation designs that generate strong mental 
models which facilitates wayfinding by users 
[8]. 

We tried to find out if there are some 
mistakes, errors, or issues before we tested the 
people, and then when we asked the tested 
people who are students, student athletes, and 
employee of Florida Institute of Technology to 
find out the real usability of Florida Tech 
athletic website. 
 

 Testing the quality of Florida Tech 
athletic website, was based on the number of the 
users who are either students, families of the 
students, or employees of Florida institute of 
technology, therefore the good results of testing 
the website was one of the most important things 
that we were looking for.

These guidelines are the most efficient 
parts of testing the athletic website. By the end 
we have learned one important thing that testing 
little and often is far more valuable and cost 
effective than doing one whopping big usability 
test of an entire site.

3. Method and Process 

A study was conducted to assess the usability 
of the university athletic website. The usability 
study consisted of the following steps in 
planning, conducting, and assessing the selected 
website.

The usability study consisted of six steps 
involved in preparing and performing the 
usability study of the university athletic website, 
which included the following steps: 

1. Ten different tasks were developed as part 
of the study. The task were based on typical 
searches on an athletic web site; looking through 
players roster, finding team schedules, locating 
coaches contact information, searching for 
athletes statistic and finding past achievement of 
the Athletics program. After each task was 
completed the experimenter would note the time 
taken to complete. As part of the identification 
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of the study task, it was determined that the 
following steps would be the process each 
participant would go through in participating in 
the testing session: 

• Reading of the pretest instructions 
• Reading and signing of the informed 

consent 
• Reading of the task instructions 
• Filling out a pre-test survey 
• Performing the task 
• Filling out the post-test survey 
• Debriefing 

2. Approval to conduct a test on human 
participants was supplied from the Institutional 
Review Board IRB at the university where the 
testing took place after submitting an 
information packet application. 

3. Documentation for the usability testing 
was prepared that consisted of the following: 

• Pretest Instructions: General instructions 
were given to participants to read prior to being 
given the actual testing instructions. Information 
on the general instructions includes a thank-you 
to the participant for being part of the study and 
study environment information such as the 
purpose of the session, risk level for the 
experiment, and steps that the participant will go 
through as part of the testing session. 

• Pre-Test Survey: The survey asked the 
participants to how frequently participants 
visited the athletic websites tested. Demographic 
type data was also collected regarding age range, 
gender, and affiliation with the university. 

• Participant Written Instruction: Contains 
the specific instructions to be followed in the 
testing. For instance, participants were instructed 
to find the contact information of both the men’s 
and women’s basketball head coaches at the 
Florida Tech Athletics Web site. 

• Informed Consent Form: The form contains 
the agreement between the experimenter and the 
participant to be signed by both parties. The 
form indicates that the participant’s participation 
is voluntary and that the participant can decide 
to not participate at any time during the study. 

• Experimenter Form: The form contains an 
area for the experimenter to document the 
participant’s comments and actions during the 
test. The typical categories on the form are task 
step, experimenter’s comments, recorded user’s 
actions, and recorded user’s comments. 

• Post Test Survey: The survey contained a 
questionnaire for the participant to fill out upon 
completion of the usability test. This additional 
information provided the participant with open 
ended questions enabling the participant to voice 
what they liked best, least, and 
recommendations for future improvement for the 
site, along with any other comments they may 
have regarding the athletic website visited. The 
close-ended questions were also included on the 
survey regarding website colors and fonts, page 
layout of the screen, layout of available 
headings, and ease of using the website, as well 
as a ranking of “Like” or “Dislike” for the 
Florida tech Athletics website. 

4. Participants were recruited to perform the 
usability test. The participants consisted of 
students, student athletes and faculty from the 
university. However, it was strictly voluntary for 
participants to participate or not in the study. 

5. The researches were presented at the time 
that participants were taking the test. The 10 
participants were randomly selected. One 
participant participated in the study at one time. 
The heuristic evaluation was conducted using 
Mozilla Firefox version 3.6.12 to display the 
University Athletic Web page.  The device used 
was a HP Pavilion dv6000 laptop. The color 
monitor size was 15 inches and Internet 
connectivity was broadband with a speed of 54 
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Mbps (megabytes per second).  All Web pages 
were accessed in November 2010.

6. Analysis of the data collected during the 
study consisting of the experimenter form, pre-
survey, post-survey, and debriefing session was 
conducted to identify usability improvements to 
the Florida Athletic Web Site. The pre-survey 
also enabled the researchers to have background 
information on our participants to look for any 
possible trends among certain backgrounds such 
as between different user groupings such as 
students, student athletes and faculty. 

4. Results
Figure 1 shows the frequency that 

participants visit the athletic website. 

Figure 1:

Figure 2

Figure 2 displays the school status of the 
participants of the study. Table 1 displays the 
average time that the participants needed in 
order to successfully complete each individual 
task. Range for each task is also calculated. 
Tasks were grouped into three different groups. 
This was because we wanted to mix up the order 
in which we requested participants to perform 
each task. The following lines describe the goal 
of each task. Task A was: find the name of the 
player who wears the number 7 jersey’s on the 
men’s soccer team. Task B was: find the 2009-
2010 combined team statistics of the men’s 
basketball team. Task C was: what team did the 
men’s soccer team play against on the 
10/22/2010? Task D was: find Sam Ormsby’s 
individual statistics for 2009-20010 men’s 
soccer season. Task E was: who is the first 
person on the women’s volleyball team roster?  
Task F was: what are three headings on the 
football recruiting questionnaire? Task G was: 
add athletics website Facebook page as your 
friend on Facebook. Task H was: find three 
functions and objectives of the SAAC 
Organization. Task I was: find the names of the 
men’s/women basketball head coach and their 
phone number. Task J was: how many national 
championships and Sunshine State Conference 
championships have the school won so far? 

Table 1: Timing of tasks

Task Average Time 
(seconds)

Range 
(seconds)

A 13 10
B 53 104
C 19 20
D 33 23
E 25 45
F 22 29
G 10 52
H 25 31
I 26 24
J 59 102
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From the post-test survey, the researchers 
found that all participants like the color 
combinations of the website because they 
represented the school. They also like, within the 
homepage, the clean layout and headings that 
make the page standout. Participants also felt 
that the reversal of an action was easily available 
and that the design of the website prevented user 
errors from occurring. Most participants also 
declared that they found the website relatively 
easy to use and navigate. 

However 20 % of the participants responded 
on the post-test survey that font size should be 
bigger. After checking the font size on the 
university athletic website we found that each 
sport section uses a size 11 font and bolded in its 
headings and also a size 11 font in its sub 
headings and in its text. Also 20% of the 
participants stated that the sub headings should 
be easier to access or there were too many 
subheadings which made it hard to search for 
what the participants were taken for.

Some people had difficulties to complete task 
B. In this task the range almost double the 
average time, and there are two possible reasons 
that made this happens: 1- the user had to click 
more than 3 times to finally access to the 
information. 2- titles of the subheading are not 
very intuitive for the users. Despite task E was 
achieved very fast by some users, others 
participants took a little more time to find the 
information. This may be caused by the small 
size subheadings that users had to notice once 
that they enter to the specific sport section. On 
task E some users haven’t noticed (on a quick 
view) the Facebook icon on the upper right 
corner of the site. This made them looking in 
depth on some other areas (wasting time) before 
finally go back and notice it. On task J, many 
users had problems finding the correct 
subheading under the main menu. Too many 

subheadings didn’t let the users clearly see the 
heading that they were looking for.  

5. Conclusion 

     The objective of evaluating the university 
athletic website was to uncover potential 
usability barriers for which design 
recommendations can be made.  It was found 
that usability issues exist on the university 
athletic website. 

Many of the participants liked the layout and 
the color combinations of the website. Being 
able to read and see what is on the screen in 
front of participants is important to being able to 
navigate through the website easily. Also having 
a well designed layout that makes it easy to pick 
out information is also crucial. Figure 3 shows a 
print screen of the homepage.
 
The website currently uses a size 11 font which 
for visually impaired person may be hard to 
read. To support the readability of the website 
using a size 12 or larger font could benefit any 
user with a visual impairment. To take usability 
to the next level, the website could also give 
users the option to resize text without distorting 
the content of the text or messing up the layout 
of the page. The website also uses a Calibri style 
font which also makes the text easier to read. 

Figure 3: Homepage
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Adding a search bar would considerably 
increase the usability of the website. Due to the 
big amount of information and sections of the 
athletics website users may find a lot easier to 
type the information that they are looking for in 
a search bar. In addition, a search bar would help 
to retrieve the proper information by the users, 
and give designers a quick solution to the 
complex problem of organizing the existing data 
that increases every year. 

The website also does a good job of not 
overlaying images with text. The only time that 
text is over laying an image on the website is 
when users select on the drop down menu for 
sub headings. On figure 4 we can see that the 
website does a good job of providing enough 
contrasting colors of the text and the back 
ground behind the text even when it over lays an 
image. If you put the mouse pointer on the text it 
also gives you another good contrasting color 
between test and back ground. However, we also 
noticed that the number of options displayed 
under the same heading may be more than 
necessary. 

Figure 4: Overlaying images
Participants also had issues with the too 

many subheadings which made it hard to find 
the information efficiently. A way to avoid this 
would be to create a few more headings that 
subheadings match with. Research users are 
more likely to return to websites that provides 
easy navigation and understandable organization 
[10]. 

The website could also include a search bar 
where users can type in key words that they are 
looking for which the site can match with 
results. They could also have a “how do I find” 
and then a key word. For example how do I find 
“2010 men’s soccer statistics”. The options 
could give you a link to the stats page or gives 
you instructions to get to that page.

The results that were found suggest usability 
features that can be modified, improved or 
change to better support the usability of the 
athletics website by all users.

In future researches, we suggest to study 
potential ways to integrate with more depth 
social networks and fans, with the university 
athletics website. Nowadays, people are highly 
linked with social network like Facebook and 
Twitter. The opportunity to login in into the 
athletics website with a personal account 
previously used on a social network, create 
discussion on forums, and vote on public polls 
not only creates more features to the website, but 
also facilitate the easy transition and promotion 
from social networks to the school webpage. 
Also, having access to personal information of 
the fans, would give the opportunity to collect 
further data and improve the usability of the 
website based on the information obtained.



Proceedings of the 2011 IEMS Conference

57

6. References

[1] Battleson, B., Booth, A., & Weintrop, J. 
(2001) Usability testing of an academic 
library Web site: A case study. Journal 
of Academic Librarianship, 27, 3, 188-
198.

[2] Dickstein, R., & Mills, V. (2000) 
Usability testing at the University of 
Arizona Library: How to let the users in 
on the design. Information Technology 
and Libraries, 19, 3, 141-151.

[3] Usability.gob – Guidelines: headings, 
titles, and labels. HHS Web 
Communications and New Media 
Division. Department of Health and 
Human Services. 12/08/2010.

[4] Rios A., Mosqueira E. and Bonillo V. 
(2010).  Usability: A Critical Analysis 
and Taxonomy. International Journal of 
Human-Computer Interaction. 26, 53-74

[5] Garcia, M. and A. Castillo. (2010). 
Revista Latina de Comunicacion. Usable 
and accesible websites in SME. 
Challenges for the future. Tenerife, Oct 
2010, 65, 392-408

[6] Gould, J. D. and Lewis, C. Designing 
for usability: Key principles and what 
designers think. Communications of the 
ACM, 28, 3 (March 1985), 300-311.

[7] Whitehead C. (2006). Evaluating web 
page and web site usability. ACM 
Proceeding of the 44th annual South 
Regional Conference

[8] Mojedska, D. and Marsh A. (1997) 
Structure and Memorability of Websites. 
Computer Science Research Institute. 
University of Toronto. 

[9] Ivory Y., Sinha R., and Hearst A.(2001). 
Empirically Validated Web Page Design 
Metrics. ACM Proceeding of the SIGCH

[10] Tisinger, R., Stroud N., and 
Gans R. (2005) Creating political 
websites: Balancing complexity & 
usability. Knowledge, Technology, & 
Policy. 18, 41-51



Proceedings of the 2011 IEMS Conference

58

Integrating the Efficiency of Lean, the Flexibility of Agile, and the 
Quality of Six Sigma

Joseph P. Garmon, Salvatore Interlicchio and Anthony Cuomo
University of Central Florida

jgarmon@knights.ucf.edu, salvatorei@knights.ucf.edu, acuomo@knights.ucf.edu

 

Abstract 

Lean Six Sigma is a widely accepted tool for 
managing production processes and effectively 
increases quality in an organization.  However, 
today’s global economy continues to bring more 
and more quality competition to the market.  
Volatile market changes and the constant 
introduction of new technologies at a rate never 
seen before are forcing top manufacturers and 
service organizations to go beyond Lean Six 
Sigma to stay competitive.  Some consider Agile 
Manufacturing to be the next logical step in the 
evolution of manufacturing improvement 
methodologies [2].  

Agile Manufacturing, or the ability for an 
organization to respond quickly to customer 
demands and market changes, should be the 
focus of any organization hoping to stay viable 
in the next decade.  Becoming an agile 
organization requires initiative similar to those 
of Lean Six Sigma.  Combining these initiatives 
results in what is sometimes called LeAgile Six 
Sigma. 

Successfully transitioning into a LeAgile 
organization mandates implementing core Lean 
Six Sigma philosophies while doing away with 
some of the other principles in exchange for the 
ability to respond quickly to changes in market 
and demand.  This paper outlines some of the 
most important Lean Six Sigma philosophies 
required of an organization to become Agile.

1. Introduction 
The manufacturing industry is very 

competitive today.  Companies are continuously 
competing for lowest cost, shortest lead-time, 
and highest quality.  Many of the leading 
manufacturing companies have tackled these 
areas by adopting the Lean methodology, 
utilizing Six Sigma’s analytical tools, and 
adding agility to manufacturing processes to 
meet customer needs.  By combining Lean with 
Agile Manufacturing, what has been called 
“LeAgile,” organizations will be able to produce 
the quality product customers have come to 
expect while adapting to a global market that 
continues to become more volatile.  This paper 
summarizes how organizations can successfully 
integrate the efficiency of Lean, the flexibility of 
Agile, and the quality of Six Sigma.

Many believe that Japan’s manufacturing 
capability surpassed the United States in quality 
and efficiency.  This was a result of the Japanese 
commitment to new management methods 
outlined by Deming, Juran, and others.  As a 
result, the Japanese developed an edge in global 
manufacturing by applying Statistical Process 
Control (SPC) and birthing Total Quality 
Management (TQM).  These quality tools were 
effectively incorporated with the Toyota 
Production System (TPS) and Lean 
Manufacturing.  

Lean manufacturing takes the typical mass 
scale production environment and incorporates 
attention to waste reduction by focusing on 
activities that add value.  Efficiency is improved 
through elimination of non-value added 
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activities and excess inventories.   To remain 
competitive, many American companies adopted 
these new manufacturing methods.  Businesses 
that did not evolve their quality programs and 
business processes often fell by the wayside.

In the late 1980s, Motorola brought SPC to 
the next level with the introduction of Six 
Sigma, which strived to eliminate defects.  “Six 
Sigma offers a road map for changing data into 
knowledge, reducing the amount of daily 
firefighting, and uncovering opportunities that 
impact both the customer and the bottom line” 
[4].  Methods for Six Sigma are based on 
continuous improvement models DMAIC 
(Define, Measure, Analyze, Improve, Control) 
and DMADV (Define, Measure, Analyze, 
Design, Verify.)  

For the last twenty years, combined Lean Six 
Sigma has been at the forefront of the most 
successful manufacturing and service 
organizations.  For many companies, adoption of 
Lean Six Sigma became a requirement to stay in 
business.  Many industry experts agree that the 
next step in improving manufacturing operations 
is what is called Agile Manufacturing.  

The concept of agility came about in 1991 
when an industry group observed that the 
increasing rate of change in business 
environment was quickly outpacing the ability 
of traditional manufacturing organizations to 
adapt” [2].  

Traditional manufacturing industries face 
challenges in terms of requirements for speed, 
flexibility, product diversity and customization.   
Agile Manufacturing allows an organization to 
respond quickly to market changes and customer 
needs by adding flexibility to various processes 
and production lines.    The manufactured 
product can be improved and reconfigured 
instead of replaced.  Integrating concepts of 
concurrent engineering within design, 
manufacturing, marketing, and sales will focus 
on process flexibility and product customization 
to meet the exact needs of the customer.  When 

effectively implemented, these changes maintain 
the ability to control costs and quality.  

2. Lean Six Sigma: Eliminating Waste 
by Controlling the Process 

Lean Six Sigma is simply the combination of 
the concept of Lean Manufacturing and the 
powerful methodology of Six Sigma.  As stated 
before, Lean Six Sigma has been the tool that 
the most successful manufacturing and service 
organizations have incorporated in their various 
processes.  This is intended to give a brief 
overview of the concepts of Lean Six Sigma that 
are most important to evolve into Agile 
Manufacturing.

A fundamental principle of Lean 
Manufacturing and Six Sigma is the focus on the 
employees of the organization.  The success of a 
Lean Six Sigma organization lies completely in 
the people.  Surveys have shown that only about 
21% of employees are actually fully engaged in 
their workplace; the other 79% are usually the 
reason why most Lean or Six Sigma initiatives 
will fail [1].  

In order for Lean Six Sigma, or any quality 
improvement initiative to work, it requires a 
company-wide participation and adherence to 
the program’s philosophy.  One major reason 
why many Lean Six Sigma projects and 
initiatives fail is due to lack of participation by 
the employees around the project.  Agile 
Manufacturing is no different. Without being 
able to take full advantage of each employee's 
potential, the success of a company becoming 
truly agile can become very difficult. As with 
Lean, becoming Agile takes a commitment on 
behalf of everyone from CEO to machinist.

Eliminating waste is what Lean is all about.  
Without elimination of unnecessary waste, 
obtaining agility is simply not possible.  
Examples of waste include excess inventories, 
unnecessary processes, redundant information 
flows, and messy work environments. When 
market makes an abrupt change, such as a 
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customer with a sudden drastic demand, the 
ability of the company to realign with this 
change will not be possible.  Therefore, agility is 
the capability to “reconfigure operations, 
processes, and business relationships efficiently 
while at the same time flourishing in an 
environment of continuous change” [2].  One 
can see how this would be a challenging feat 
without first putting an emphasis on the 
elimination waste.

Six Sigma, on the other hand, is mainly 
concerned with quality of the finished product.  
The main idea to keep in mind when moving 
towards an agile organization is keeping the 
processes in control.  If an organization's 
processes are not in control or take an extended 
amount of time to become in control (ex. Days 
of test runs), reacting quickly to market changes 
or “hot orders” is almost impossible.  As 
markets become more volatile, companies will 
have to become faster and faster at setting up 
and/or changing production lines.  

Bringing a process in control quickly is 
critical.  Using Statistical Process Control (SPC) 
as part of a Six Sigma program is a good way to 
monitor processes to assure that it is not going 
haywire and possibly out of control.  Other Lean 
tools such as Single-Minute Exchange of Dies or 
SMED can also aid in drastically reducing 
changeover times, which will absolutely help an 
organization become more agile.

Sustaining Lean Six Sigma as well as 
continuous process improvement is the secret to 
keeping an edge in today's global markets.  If an 
organization allows their Lean Six Sigma 
initiatives to fade out, the goal of becoming an 
Agile organization will also fade.  Following in 
the footsteps of Lean Six Sigma, becoming a 
truly Agile organization is the next logical step 
in the manufacturing and service sectors.

3. Agile: Flexible Systems to Meet 
Customer Requirements 

Agile manufacturing and services are based 
on the concept that service level is the market 
winner for businesses [10]. This is contrasted 
with lean, which focuses on reduction of cost 
through reduction of waste as the market winner 
for businesses.  While different objectives are 
used to satisfy and win the customer and the 
market, they share many commonalities.  

Both market approaches require high levels 
of quality for the customer.  Both also require 
managing the time from order to delivery of the 
product and service.  In the lean environment, 
this lead-time minimization often focuses on 
delivery of the product at exactly the right time.  
Reduction in cost is obtained by reducing the 
time from production to delivery within a 
predefined schedule.  Alternatively, the agile 
environment focuses more on customer service 
via minimization of lead-time as the customer 
demands flexibility to meet the customer’s 
needs.

Mason-Jones, Naylor and Towill display this 
comparison and relationship in Figure 1 [10].  
Lean and Agile share common requirements but 
must balance between service level and cost.  
Many businesses need to be highly successful in 
both areas to tailor the product and service 
between the competing Market Winning 
objectives.    

The Lean customer often demands a steady 
state service to a reliable set of customers with 
specific products and services.  Often these 
products and services are produced in a 
continuous production or service-based 
environment.  Conversely, the Agile customer is 
often much more oriented towards batch 
products and services with more products and 
shorter product lifetimes.  These customers may 
also be focused on a project-based environment 
where the product is not continuously produced 
but instead is a single instance of the product 
being delivered. 
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To market to the customer, the customer 
must be understood.  To meet different 
customers’ specific needs, different attributes 
must be brought to the table.  Lean and Agile 
cater to different types of customers.  
Christopher and Towill, in Table 1 extend the 
above points and compare the attributes that 
Lean and Agile bring to the table for the 
customer.  “The essence of the difference 
between leanness and agility in terms of the total 
value provided to the customer is that service 
level (availability) is the critical factor calling 
for agility whilst cost, and hence the sales price, 
is clearly linked to leanness” [10].    

The successful Agile organization is “flexible 
and quick to respond to fast moving market 
conditions” by leveraging “the intellectual 
power of the employees as opposed to the 
muscle power” [2].  By using this intellectual 
power, processes are designed to focus on 
delaying the decoupling point where a specific 
final product is produced from the raw materials.  
Processes are also designed to be flexible to 
reduce order cycle time for tailored products and 
adapt manufacturing to meet this reduced cycle 
time.

To become a successful Agile company, 
Hormozi identifies five factors that the company 
must have available and embrace include [2]: 

• Flexible Government regulations 
permitting organizational 
cooperation

• Business cooperation as opposed to 
Business Competition

• Electronic commerce supporting rapid 
sourcing of raw materials and 
resources

• Re-engineering business processes to 
support flexibility

• Employee flexibility encouraging 
creativity and leveraging the 
employee’s knowledge

Notice the Lean organization requires these 
same skills for success.

4. LeAgile – The Combination of Lean 
and Agile 

Comparing Lean with Agile demonstrates 
that these two concepts use many of the same 
ideas optimized for different customer bases.  
Lean focuses on continuous reduction of waste 
while focusing on value and quality.  Agile is 
willing to accept some level of waste, as defined 
by Lean, in exchange for responsiveness and 
support [3].  The loss of efficiency is offset in 
the marketplace by increased customer service 
level.  The objective of integrating Lean and 
Agile, sometimes known as LeAgile, is to 
understand where to trade some of the focus on 
efficiency to obtain the amount of flexibility the 
customer is willing to pay for.

Re-engineering the business processes to 
build in flexibility is one approach to optimizing 
the environment.  The re-engineering process 
needs to represent what is most effective for 
agility while controlling the additional waste.  
The business must understand where to make 
tradeoffs in the process to gain the needed 
flexibility.  At the same time, the business 
should not pay for unneeded and therefore 
wasted flexibility.   

What is the best method for obtaining 
flexibility?  This varies depending on the 
business.  A common approach is to defer the 
point of transition from an intermediate work-in-
process good to an intermediate or final product.  
By deferring this decoupling point, work-in-
progress is reduced while maintaining options.

These decoupling points are really decision 
points in the process workflow.  As a result, 
these decoupling points are the points where 
work in process inventories will be maintained 
to ensure the right materials are available on 
demand.  The decisions that can be made are 
determined by the inventory and are therefore 
constraint points in the process.   Since this is a 
constraint, one approach is to use Goldratt’s 
Theory of Constraints as an optimization tool for 
the process.  
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By considering the defined level of flexibility 
as the objective, the added resources and 
materials to support the flexibility as the raw 
materials, and the reduction in lead-time as the 
product, the process can be optimized to meet a 
desired level of flexibility.  One approach to 
optimizing the total value equation by Johansson 
as cited by Mason Jones, Naylor, and Towill 
[10] as an optimization function, the impact of 
various changes on the customer can be 
estimated.

  

From this function, re-engineering of processes 
can be evaluated.  The optimal amount of excess 
over a pure lean environment can be optimized.

While this is one approach to optimizing the 
process flow for Lean and Agile, applicability 
depends on the specific processes used in the 
environment.   It is likely that specific business 
will have a good understanding of their value-
chain. The company can then customize the 
optimization function to meet its particular 
needs. 

The benefit to this approach is that we have a 
process flow designed to defer the point where a 
decision needs to be made to maintain 
flexibility.  We also have a default optimization 
metric to consider for the overall system.  
Companies can use experience to define where 
to optimize this flexibility.  They can extend the 
approach to determine the optimum amount of 
flexibility based on market conditions and 
potential opportunities.  Various tools such as 
simulations may be used to maximize value and 
flexibility.  The attributes used to obtain the 
right level of flexibility include identifying the 
appropriate levels of inventory, supplies, and 
other resources.

5. LeAgile Six Sigma – Flexibility and 
Waste Elimination with High Quality

To reach the ideal level of Agile and to 
manage the underlying Lean process, Six Sigma 
is an effective tool for understanding the initial 
processes.  The process mapping used in 
LeAgile is a core tool in Six Sigma.  

Once the process mapping is understood, it 
must be analyzed in conjunction with a market 
analysis.  This process mapping will often be 
found to be a set of individual processes that can 
be optimized using Lean.  These individual 
processes will be interconnected.  The 
connection points identify the potential 
decoupling points that provide an opportunity to 
optimize the overall process for agility.   

Since the decoupling points are the points 
where decisions are made, each of these points 
becomes a potential throughput constraint on the 
process.  Various tools such as the Theory of 
Constraints can be applied for optimization at 
these points.  

One of the Theory of Constraints ideas is that 
the entire process is subordinated to the 
constraint and the constraint remains until the 
system changes [6]. When considering the Agile 
environment, the throughput demand constraint 
depends on the market demand, the variance in 
the demand, and the decisions as to what market 
segments are profitable.  The result is the 
flexibility to expand to service new markets with 
higher service level requirements and a broad 
range of products.

Since the goal is flexibility, we are now 
optimizing as much for the ability to change 
throughput as we are optimizing for throughput 
itself. However, each individual leg of the 
process should still be optimized using Lean and 
quality controlled using Six Sigma.  Further, the 
best places to apply the Lean tools are selected 
to optimize the decision/decoupling points.  

The analysis should definitely understand the 
existing customers, the general demand for 
product, the markets serviced, the markets 
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declined to service, and where additional 
opportunities are available.  Out of this comes an 
understanding of what the strategic and tactical 
objectives are for servicing the market.

Once the business goals are known, the 
process optimization goals are the business 
goals.  Various tools such as simulation and 
scheduling optimization can be used to identify 
the optimal values of queued resources and 
materials at the decoupling points to obtain the 
needed agility while controlling the cost levels.  

Once the ongoing management goals and 
tactical needs are built into the design and the 
constraints are optimized, it is critical to 
effectively manage and efficiently complete a 
quality product from step to step in the process.  
Lean Six Sigma principles fit ideally into this 
point.  For example, the variance from optimal 
values for work in process, resources, and 
supplies can then be managed using Six Sigma 
SPC tools.   

6. Conclusion 
Lean, Agile, and Six Sigma methodologies 

have all contributed to the progression of the 
manufacturing industry.  All three concepts 
drive customer value, and as a result can 
increase the market share of any manufacturing 
or service organization that chooses to 
implement them.

The goal of any manufacturing organization 
is to produce quality products at a low cost with 
minimal lead times.  Lean methods can help 
reduce cost by eliminating waste, Six Sigma can 
help increase quality through statistical analysis, 
and Agile can help meet customer demand by 
adding flexibility to the manufacturing 
processes.  

It is important to note that the most important 
piece of all three of these methodologies is the 
people.  Upper management needs to effectively 
engage and empower their employees to learn 
and utilize these tools and techniques.  Everyone 
within the organization needs to have the 

mindset of being Lean, being Agile, and 
implementing simple Six Sigma analysis. Total 
quality cannot be achieved until everyone from 
the assembly worker to the CEO is dedicated to 
this mindset.

7. Figures and Tables

Quality

Cost Service Level

Lead Time

Quality

Lead Time Cost

Service Level

Market 
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Market 
Winners

Agile 
Supply

Lean 
Supply

Figure 1 Market Winners vs. Market 
Qualifiers for Lean and Agile [10]

Table 1 Attributes of Lean and Agile [10]
Distinguishing 
Attribute

Lean Supply Agile Supply

Typical 
Products Commodities Fashion 

Goods
Marketplace 
Demand Predictable Volatile

Product 
Variety Low High

Product 
Life Cycle Long Short

Profit 
Margin Low High

Dominant 
Costs

Physical 
Costs

Marketability 
Costs

Stockout 
Penalties

Long-Term 
Contractual

Immediate 
and Volatile

Purchasing 
Policies Buy Materials Assign 

Capacity
Information 
Enrichment

Highly 
Desirable Obligatory

Forecasting 
Mechanism Algorithmic Consultative
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Abstract

Innovation provides a perfect avenue for staying 
competitive in today’s global marketplace. High 
qualification on the other hand ensures 
consistent high quality products and services. 
While creativity vis-à-vis free thinking instigates 
innovation, formality of processes vis-à-vis 
constrained activities ensures standardized 
qualification. These two phenomena seem 
counter productive however, they are critical for 
an organization’s success. This paper tries to 
address this paradox by determining what 
relationship, if any, exists between these 
phenomena. 

Data pertaining to innovation and qualification 
indicators from all states of the U.S. were 
collected.  Power law regression equations 
between the variables – indicator data – 
representing the two phenomena are created.  
The superlinear and sublinear relationships, thus 
generated, are in turn interpreted to arrive at 
potentially meaningful policy decisions. States 
are also clustered based on statistical proximity 
of the indicators and the results are reviewed in 
light of the regression relationships to uncover 
opportunities of further enhancing innovation.

Introduction

Technological innovation has direct and positive 
implications on the global economy and the 
spread of prosperity across international borders. 
Innovation and market competition share an 
inverted U relationship (Aghion et al., 2005). 
This means that high amount of innovation is 
accompanied by minimizing of market 
competition. By being and staying highly 
innovative, geographical regions could establish 
and cement their market leadership position. 

Standardized qualification of processes vis-à-vis 
quality, reliability and durability at both 
individual and organizational levels has also 
gained immense importance. Tassey (2000) 
asserts that industrial standardized qualification 
via enhanced organizational and individual 
qualification impacts innovation productivity 
and market 

It is widely accepted that innovation and quality 
form corner stones of today’s knowledge based 
global economies. Kano (2000) and Acemoglu, 
Gancia and Zilibotti (2010) illustrate the creative 
tension between the innovation and 
qualification. In recent years increases have been 
observed in intellectual properties (Hingley & 
Bas, 2009, Flitney, 2009 and Ulrich, 2009) and 
quality related certifications (International 
Organization for Standardized qualification, 
2010 and Stevenson & Barnes, 2001). Bodewes, 
(2000) also highlights the need for both 
formalization and innovativeness albeit in a 
optimum balance. Furthermore, Horn (2005) 
maintains that standardized qualification and 
qualification could act as enabler for innovation.

This paper presents quantitative scaling 
regression relationships between various 
innovation indicators, organizational standards 
and individual certifications in the United States. 
The superlinear and sublinear relationships are 
in turn interpreted to arrive at potentially 
meaningful policy decisions.  Furthermore, the 
states are clustered with respect various 
standardized qualification indicators using the 
furthest neighbor minimum squared Euclidian 
distance approach.  Lastly, the constituent states 
in individual clusters are reviewed in light of the 
regression relationships to uncover opportunities 
of further enhancing innovation.
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Methodology

Innovation is associated with creation of 
something which has not been done or 
experienced before. Standardized qualification, 
on the other hand, is associated with 
formalization and imposition of pre set 
regulations. In other words, while innovation is a 
prospective, standardized qualification is 
retrospective. 

Indicators can be described as statistically 
derived summation values which can be used as 
a measure and express the amount of innovation 
or standardized qualification. The indicators 
hence are stand-ins which represent innovation 
and standardized qualification. 

Patel and Pavitt (1995) highlight that innovation 
needs to measured along many dimensions to 
achieve a complete picture. These dimensions 
can be represented by various indicators. As 
Grupp and Schubert (2010) and Katz (2006) 
point out innovation indicators such patents, 
research papers/articles are included in this 
paper. Furthermore, Dushnitsky and Lenox 
(2005) demonstrate the positive correlation 
between venture capitalist investment and 
innovation. Hence, number and volume of 
venture capital investments could also serve as 
indicators for innovation. Lastly, taxonomical 
study by de Jong and Marsili (2006) exhibit that 
number of small businesses could also serve as 
indicator for the amount of innovation. 
Innovation indicators used in this paper are 
shown in Table 1.

Table 1

According to International Organization for 
Standardized qualification (ISO) standardized 
qualification involves conformance to specific, 
uniform and consistent regulations. Indicators 
for standardized qualification don’t appear 

extensively in the existing literature.  
Additionally standardization of qualifications 
itself is a complex process. Single indicator 
would hence be inadequate to measure the 
amount of standardized qualification. 
Standardized qualification at individual levels 
includes academic degrees, licenses and 
certifications. At the organizational level 
standardized qualification can be reflected in 
terms corporate certifications. Standardized 
qualification indicators used in this paper are 
shown in Table 2.

Table 2

Upon finalization of relevant indicators all 
pertinent data was collected. Correlation 
equations were then formulated between the 
technological innovation indicators and 
standardized qualification indicators. 

The innovation systems and standardized 
qualification systems are complex (Baranger, 
2001) and dynamic in nature hence, they exhibit 
scaling properties (Amaral & Ottino, 2004). 
“The signature of a scaling property is a power 
law correlation between variables of the system 
or power law probability distribution of a 
property of the system” (Katz, 2006). Hence, the 
correlation equations between the indicators 
were setup as a series of power laws. A power 
law is a special kind of mathematical 
relationship between two quantities. When the 
number or frequency of an object or event varies 
as a power of some attribute of that object, the 
number or frequency is said to follow a power 
law. A power law could be expressed as f(x) = 
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α*xβ + ε where α is a constant, β is the scaling 
factor and ε is the error term (Katz, 2006). The 
power laws are scale invariant. In other words if 
x is scaled by a constant γ then f(x) would be 
scaled by a constant γβ.

Data Collection

Publicly available data sources as of April 2010 
were gleaned to generate data related to the 
indicators listed above, The data source included 
professional engineering regulatory bodies for 
all fifty states, Professional Management 
Institute, Linkedin.com, International 
Association of Accredited Registrars, U.S. Small 
Business Administration, Pricewaterhouse 
Coopers/ National Venture Capital Association’s 
database, Leadership in Energy and 
Environmental Design’s online directory and 
Underwriters Laboratories’ (UL) online 
certification directory

The number of professional engineers registered 
with each state’s professional engineering 
regulatory body was tabulated from the 
respective websites or through specific requests 
to the regulatory bodies.  The number of 
individuals per state who identify themselves as 
certified Blackbelts in quality and as Auditors 
were estimated by performing specific searches 
on Linkedin.com. The number of individuals 
certified by American Society Quality per state 
was directly provided the society. The number 
of people certified by Professional Management 
Institute per state was tabulated from the 
institute’s public registry. The number of patents 
issued between January 1995 and April 2010 
associated in a specific state was determined via 
the United States Patent and Trademark Office’s 
database. The number of articles for each state 
was collected from the Web Science database. 
The number of organizations in active 
possession of quality, environmental and health 
and safety certifications per state were estimated 
from the data available at Independent 
Association of Accredited Registrars’ public 
directory. The number of small businesses in 
each state was estimated from the data available 
via the Dynamic Small Business Search feature 
of the United States Small Business 
Administration.  The number of individuals, per 

state, holding Leadership in Energy and 
Environmental Design credentials was estimated 
from the Green Building Certification Institute’s 
publicly available data from Green Building 
Certification Institute.  The number of 
organizations, per state, holding various 
Leadership in Energy and Environmental Design 
credentials were estimated from the U.S. Green 
Building Council’s member directory.  The 
number of organizations, per state, holding 
Underwriters Laboratories’ certifications was 
obtained from UL’s online certification 
directory. Data pertaining to venture capital 
investments per state were collected from 
Pricewaterhouse Coopers/ National Venture 
Capital Association’s database. Additional 
details about the data collected are shown in 
Table 3.

Data Analysis

Due the wide range of the observed values 
natural log of both the independent and 
dependent variables was incorporated to 
generate the regression equations and cluster 
analysis

Indicator Relationships 

Mono-variable power law based regression 
equations were established between each of the 
innovation indicators and each of the 
standardized qualification indicators. The 
innovation indicators served as the dependent 
variables. The creation of power law regression 
equations resulted in an inventory of alpha (α) 
and beta (β). The slope alpha (α) would help to 
establish proportionality – direct or inverse – 
between the dependent and independent 
variables. The scaling factor beta (β) would help 
establish sub-linear or super-linear relations 
between the independent and dependent 
variables. The alpha (α), beta (β) and R2 values 
of the various regression equations are shown in 
Figure 1. Since the data is a stationarized series 
an R2 > 60 can be considered significant. 
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Table 3
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Cluster analysis

Figure 2 displays a statistically significant 
positive correlation between various 
standardized qualification indicators. Figure 3 
displays a statistically significant positive 
correlation between various innovation 
indicators. This builds a case for further analysis 
involving grouping of states which are similar in 
their performance with regards to innovation 
indicators and standardized qualification 

indicators. A cluster analysis of the data was 
then performed to establish four groups of states. 
The results of the cluster analysis for 
independent variables are presented in Table 4. 
The results of the cluster analysis for dependent 
variables are presented in Table 5. The cluster 
analyses illustrate: 1) how various states rank 
with respect to each other and 2) which states 
are relatively similar to each other with regards 
to a specific indicator. Centeroid values of each 
cluster are shown in Figure 4 and Figure 5. 

Blackbelts ASQ_Ind Auditor PMP PE ISO_Comp LEED _ Ind LEED_Comp UL Cert
Blackbelts 1.00
ASQ_Ind 0.95 1.00
Auditor 0.97 0.91 1.00
PMP 0.95 0.91 0.93 1.00
PE 0.87 0.82 0.88 0.89 1.00
ISO_Comp 0.91 0.94 0.87 0.84 0.82 1.00
LEED _ Ind 0.93 0.86 0.93 0.93 0.87 0.78 1.00
LEED_Comp 0.92 0.85 0.93 0.94 0.90 0.80 0.96 1.00
UL Cert 0.94 0.94 0.91 0.89 0.86 0.94 0.86 0.87 1.00

Figure 2

Patents Articles Web of Science Small Businesses VC Investment VC Deals
Patents 1.00
Articles Web of Science 0.82 1.00
Small Businesses 0.79 0.79 1.00
VC Investment 0.92 0.85 0.79 1.00
VC Deals 0.92 0.82 0.79 0.99 1.00

Figure 3

Cluster ASQ Auditor Blackbelts ISO_Comp LEED _ Ind LEED_Comp PE PMP UL Cert
1 2.80 3.90 2.20 2.31 4.23 2.77 8.16 3.47 4.06
2 4.02 5.28 3.14 3.45 5.65 3.26 9.46 4.75 6.71
3 4.80 6.76 4.94 5.61 7.71 5.26 10.70 7.42 8.79
4 6.74 8.45 7.40 7.65 9.83 7.74 11.33 9.77 9.29

Figure 4

Cluster Articles Patents Small Bus. VC Deals VC Investment
1 9.02 7.66 7.27 0.00 15.07
2 9.27 9.99 8.64 2.60 16.67
3 11.33 11.62 9.98 5.75 21.19
4 13.34 12.72 10.56 9.98 25.96

Figure 5
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In order to underscore what measures different 
states can take in order to improve their level of 
innovation analysis of variance – ANOVA - was 
performed for innovation indicator which hold a 
strong superlinear relation with the standardized 
qualification indicator i.e. alpha (α) >1, beta (β) 

> 1 and max R2. In the cases where the p value 
shows statistical significance it can be concluded 
that states can enhance the level of a specific 
independent variable to improve the level of the 
innovation indicator. Additionally, the method 
used to discriminate different clusters is Fisher's 
least significant difference (LSD) procedure. 

State ASQ Auditor Blackbelts ISO_Comp LEED _ Ind LEED_Comp PE PMP UL Cert
AL 4 3 3 3 3 3 2 3 2
AK 1 2 2 1 2 3 1 3 2
AZ 4 4 4 3 3 3 2 3 2
AR 4 3 3 3 2 3 2 3 2
CA 4 4 4 3 4 4 4 4 4
CO 4 4 4 3 3 3 2 3 2
CT 4 3 3 3 3 3 2 3 2
DE 3 1 2 2 2 3 2 3 2
FL 4 4 4 3 3 3 2 3 2
GA 4 4 4 3 3 3 2 3 2
HI 2 2 3 1 3 3 1 3 1
ID 2 2 3 2 2 3 2 3 2
IL 4 4 4 3 3 3 2 3 3
IN 4 4 4 3 3 3 2 3 2
IA 4 3 3 3 3 3 2 3 2
KS 4 2 3 3 3 3 2 3 2
KY 4 3 3 3 3 3 2 3 2
LA 3 3 3 3 2 3 2 3 2
ME 3 2 3 2 2 3 2 3 2
MD 4 4 4 3 3 3 2 3 2
MA 4 4 4 3 3 3 2 3 2
MI 4 4 4 4 3 3 2 3 2
MN 4 4 4 3 3 3 2 3 2
MS 3 2 3 3 2 3 2 3 2
MO 4 4 4 3 3 3 2 3 2
MT 1 2 3 2 2 3 2 2 1
NE 4 3 3 2 3 3 2 3 2
NV 3 3 3 2 3 3 2 3 2
NH 4 2 3 3 2 3 2 3 2
NJ 4 4 4 3 3 3 2 3 2
NM 4 2 3 2 2 3 2 3 2
NY 4 4 4 3 3 3 2 3 2
NC 4 4 4 3 3 3 2 3 2
ND 2 2 3 2 1 1 1 2 1
OH 4 4 4 3 3 3 2 3 2
OK 4 3 3 3 2 3 2 3 2
OR 4 3 3 3 3 3 2 3 2
PA 4 4 4 3 3 3 2 3 2
RI 4 3 3 3 2 3 1 3 2
SC 4 3 3 3 3 3 2 3 2
SD 2 2 3 2 2 2 1 2 2
TN 4 4 4 3 3 3 2 3 2
TX 4 4 4 3 3 3 3 4 2
UT 4 3 3 3 3 3 2 3 2
VT 2 2 3 2 2 3 1 3 2
VA 4 4 4 3 3 3 2 4 2
WA 4 4 4 3 3 3 2 3 2
WV 2 2 3 3 2 2 2 3 2
WI 4 4 4 3 3 3 2 3 2
WY 1 1 1 1 2 2 2 1 1

Table 4
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State Articles Patents Small Bus. VC Deals VC Investment
AL 3 2 2 3 3
AK 3 1 2 1 1
AZ 3 2 2 3 3
AR 3 1 2 3 3
CA 4 4 4 4 4
CO 3 2 2 3 3
CT 3 2 2 3 3
DE 3 2 1 3 3
FL 3 2 3 3 3
GA 3 2 2 3 3
HI 3 1 2 3 3
ID 3 2 2 3 3
IL 3 2 2 3 3
IN 3 2 2 3 3
IA 3 2 2 3 3
KS 3 2 2 3 3
KY 3 2 2 3 3
LA 3 2 2 3 3
ME 3 1 1 3 3
MD 3 2 2 3 3
MA 3 2 2 3 3
MI 3 2 2 3 3
MN 3 2 2 3 3
MS 3 1 2 3 3
MO 3 2 2 3 3
MT 3 1 2 2 3
NE 3 1 1 3 3
NV 3 2 2 3 3
NH 3 2 1 3 3
NJ 3 2 2 3 3
NM 3 2 2 3 3
NY 3 3 2 3 3
NC 3 2 2 3 3
ND 3 1 1 2 3
OH 3 2 2 3 3
OK 3 2 2 3 3
OR 3 2 2 3 3
PA 3 2 2 3 3
RI 3 2 1 3 3
SC 3 2 2 3 3
SD 1 1 1 2 2
TN 3 2 2 3 3
TX 3 3 3 3 3
UT 3 2 2 3 3
VT 3 2 1 3 3
VA 3 2 3 3 3
WA 3 2 2 3 3
WV 3 1 1 3 3
WI 3 2 2 3 3
WY 2 1 1 2 2

Table 5

Results of the ANOVA are presented below for 
following combinations:

Articles vs. Professional Engineers:  The p-
value for this combination is less than 0.05 at 
95% confidence interval which proves statistical 
significance. Difference analysis of the cluster 
ranks shows that there is statistically significant 

difference at 95% confidence interval between 
ranks 1 and 2, 1 and 4, 2 and 4 and 3 and 4. 

Patents vs. LEED Companies:  The p-value 
for this combination is less than 0.05 at 95% 
confidence interval which proves statistical 
significance. Difference analysis of the cluster 
ranks shows that there is statistically significant 
difference at 95% confidence interval between 
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ranks 1 and 2, 1 and 4, 2 and 3, 2 and 4 and 3 
and 4.

Small Business vs. Professional Engineers: 
The p-value for this combination is less than 
0.05 at 95% confidence interval which proves 
statistical significance. Difference analysis of 
the cluster ranks shows that there is statistically 
significant difference at 95% confidence interval 
between ranks 1 and 2, 1 and 3, 1 and 4, 2 and 3 
and 2 and 4. 

Venture Capital Deals vs. ISO registered 
organizations: The p-value for this 
combination is less than 0.05 at 95% confidence 
interval which proves statistical significance. 
Difference analysis of the cluster ranks shows 
that there is statistically significant difference at 

95% confidence interval between ranks 1 and 2, 
1 and 3, 1 and 4 and 2 and 3.

Venture Capital Investment vs. LEED 
Companies: The p-value for this combination is 
less than 0.05 at 95% confidence interval which 
proves statistical significance. Difference 
analysis of the cluster ranks shows that there is 
statistically significant difference at 95% 
confidence interval between ranks 1 and 4, 2 and 
3, 2 and 4 and 3 and 4.

Plots of means for different clusters are shown 
in Figure 6. ANOVA for other combinations of 
the indicators also showed similar phenomena. 
Normality of data is assumed for ANOVA 
analysis.

                                                         Figure 6
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Discussion

Data analysis shows that innovation and 
standardized qualification share positive 
correlation. Furthermore in many instances this 
relationship can be characterized by a 
superlinear scaling factor. The data provides 
evidence that innovation could be enhanced by 
encouraging standardized qualification. 
Increasing the number of organizations and 
individuals who have been certified and/or 
licensed in a specific area of expertise could in 
turn lead to an increased output of innovative 
product and/or services. Cluster analyses for 
different states demonstrate clear distinction in 
the level of innovation and standardized 
qualification among various states. Additionally, 
data analysis also presents a high degree of 
correlation between various innovation and 
standardized qualification indicators. Lastly, the 
analyses of variance (ANOVAs) present the 
clearest evidence that show that states with high 
standardized qualification also have high 
innovation. These findings imply that higher 
degree of qualification leads to higher degree of 
creativity at a macro level

Limitations/Assumptions

The data collection occurred in April 2010 and 
was limited to the fifty states in the USA. The 
study cross-sectional in nature hence the results 
are limited to one snap shot in time. Future 
studies could include longitudinal from other 
geographical locations. The indicators selected 
for the study were limited by authors’ 
subjectivity. A Delphi study with a panel of 
experts could help reach a much more reliable 
list of indicators. The data collected was limited 
to what was publicly available. The data was 
assumed to be accurate and bias free. 
Furthermore, the data collected was assumed to 
represent the underlying phenomena 

Conclusions

The power law regression equations exhibit that 
standardized qualification indicators and 
innovation indicators are directly proportional. 
Additionally, this proportionality is superlinear 

for multiple combinations.  The cluster analysis 
and ANOVA seem to provide additional 
evidence which surmises that states with 
elevated standardized qualification also have 
enhanced level of innovation indices boost their 
research article production by enhancing the 
number of professional engineers. 

Intuitively standardization seems to be limit 
organic thinking which in turn would be 
counterproductive for innovation. However, it 
can be concluded that various standardized 
qualification activities do not stifle the level of 
innovation. This is constitutes major benefit of 
this study. Policy makers can use the results of 
the analyses provided above as an evidence to 
make a case for boosting standardized 
qualification in an effort to make their states 
more creative and competitive. Corporations 
could look at enabling, even encouraging, their 
work force to get professional licenses or 
certifications as a means of increasing 
innovation.

Future research in this area could uncover casual 
relations between the standardized qualification 
indicators and innovation indicators. Also future 
studies could focus on establishing thresholds 
beyond which standardization start to hinder 
innovation.
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Abstract

Undergraduate engineering students are 
typically introduced to the discipline of 
project management in their senior year. To 
address the need to introduce project 
management early in the curriculum, and at 
the same time to help professors manage 
industry-sponsored research projects, we 
have used the Agile method on our work 
with undergraduate research students. This 
Agile development process is a new 
approach that emphasizes partial 
deliverables and early testing.  Although it 
has been used by several software 
development companies, this is a new idea 
in the academic environment. This paper 
describes the use of this new project 
management style in the academic 
environment, some of its challenges, and the 
lessons learned.  Overall, students are being 
introduced to a real-world software 
development experience. 

1 - Introduction

Collaboration means working together for a 
special purpose. When industry and 
academia collaborate, their purposes may be 
very different, e.g., academia focuses on 
education and theoretical research, and 
industry in general focuses on products and 
process efficiency. Therefore, it is not easy 
for faculty members in engineering 

programs to find collaboration projects that 
represent a win-win situation for both 
industry and academia. Such projects can 
represent a major contribution to the 
education of our engineering students. 

As an example of a college-industry 
research partnership on software 
development and testing, the Electronics and 
Telecommunications Engineering 
Technology program at Texas A&M and the 
IP Communications Business Unit at Cisco 
Systems have collaborated on research 
projects related to software development and 
test automation. The same methodology that 
Cisco uses internally to manage its software 
development projects has been applied to the 
research work with faculty and 
undergraduate students. This software 
development methodology is called Agile 
[7], which is very different from traditional 
project management techniques. This Agile 
development process is a new approach that 
emphasizes partial deliverables and early 
testing.

This paper describes how this new software 
development methodology has been applied 
in the academic environment. We present 
the lessons learned from applying this new 
process in the academic environment. The 
main contributions of this paper are to 
introduce or update other researches and 
engineers on this new project management 



Proceedings of the 2011 IEMS Conference

76

methodology tool, and to illustrate it as a 
case study on how the Agile method is being 
used on our industry-academia collaboration 
initiative. 

The remainder of this paper describes in 
more detail the parties involved in this 
collaboration (Section 2), followed by an 
overview of the Agile process in Section 3. 
A sample of the projects that the students 
and faculty have worked on, a description of 
our experience of using Agile with the 
undergraduate students, and lessons learned 
from the process are presented in Section 4. 
Finally conclusions are presented in Section 
5.

2 – Industry-academia collaboration

The industry-college partnership described 
in this paper involves Texas A&M and 
Cisco Systems. This section introduces both 
parties in more detail.

2.1  - The Academic Partner

On the academic side the major player is the 
Electronics and Telecommunications 
Engineering Technology (EET/TET) 
program at Texas A&M. This four-year 
engineering program offers several courses 
on electronics, instrumentation, embedded 
systems, and telecommunication networks. 
Most of the fundamental courses on 
electronics, programming, and 
communication protocols are taken by both 
electronics and telecommunication students. 
In general, students take specific classes 
either on the electronics track or 
telecommunications track only in their 
senior year. Moreover, the capstone senior 
design project teams always have a 
combination of both electronics and 
telecommunication students, and their 
design must include hardware, software and 
communication aspects. Therefore, we have 

noticed that electronics and 
telecommunication students have a good 
foundation on both electronics and 
telecommunication fields and may be hired 
by both industries.

The faculty member who is actively 
involved in this project is an assistant 
professor in the EET/TET program. 
Although her background is mainly on 
telecommunications systems, she has been 
teaching classes to both electronics and 
telecommunication majors on Local Area 
Networks, Computer Networks Simulation 
and Modeling, and Wireless Transmission 
Systems. The topic of Voice over IP (VoIP) 
is often addressed in her lectures and given 
as project topics to the students [ref ASEE 
paper]. For instance, the projects address the 
signaling protocols, bandwidth requirements 
and performance of different audio 
encoders/decoders (codecs). 

Since December 2007, this faculty has been 
working to build a VoIP telephone system in 
the telecommunication laboratories – a new 
“VoIP initiative” [1].  The idea is to use 
simple strategies to adapt undergraduate 
laboratories on computer networks to the 
teaching of VoIP protocols. New laboratory 
experiments were created to introduce our 
junior-level undergraduate students to VoIP 
protocols, such as the session initiation 
protocol (SIP) and the real-time transport 
protocol (RTP). 

However, industry support is essential to the 
success of this VoIP initiative and the 
creation of new laboratories, in terms of 
industry

- donating equipment,
- funding student workers and 

graduate assistants,
- updating faculty members on the 
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new tools that industry uses in their 
daily operations, 

- giving feedback on the knowledge 
and skills that industry expect from 
students. 

The program and laboratories needed 
industry support, but how could academia 
contribute to industry? This is a question 
that has always been asked by the faculty, 
and probably the industry side had this same 
question in mind. The academic side was 
looking not only for simple donations of 
equipment but for research projects. In such 
projects faculty and students could provide 
their expertise to industry and at the same 
time bring new resources to their lectures 
and laboratories.
 
Since Cisco is a major developer of VoIP 
systems for small and large corporations, a 
partnership with Cisco has been one of the 
faculty’s main goals. After several meetings 
with different business units at Cisco, and 
thanks to the support of a former student 
who is currently an executive at Cisco, the 
faculty was introduced to the engineers and 
managers of the IP Communications 
Business Unit  (IPCBU) at Cisco and that is 
how this college-industry partnership began. 

2.2 - The Industry Partner

The IP Communications Business Unit at 
Cisco develops a VoIP system, or IP Private 
Branch Exchange (IP-PBX) system also 
known as a call manager. This product 
delivers several services such as voice, 
video and mobility services, by connecting a 
large number of IP phones (on the order of 
thousands), multimedia applications, 
gateways to traditional telephony systems, 
and mobile devices.

One of the teams in the IP Communications 
Business Unit is a software development 

team managed by Matt Hawkes, whose 
group is based in Richardson, Texas. (We 
will address Matt’s team as the “team”.)  
The team consists of engineers being about 
half recent graduates, with the other half 
more seasoned engineers. The team’s core 
initiative is to create a team of versatile 
members. They do this by encouraging 
cross-training, both within the team itself 
and between other teams in the business 
unit. One way they accomplish this is to 
often volunteer either some engineers or the 
entire team to help other teams that are over-
tasked. 

Another initiative in the group is innovation 
– thinking outside the box to invent 
improved solutions to existing problems. 
One example of this is sanity testing of 
phone loads during continuous integration. 
The team which was handling sanity testing 
was also the team developing the phone 
applications, and they used a mostly manual 
process.  The team developed an automated 
process to log into the phones to execute and 
verify critical functionality. Of course this 
relieved the development team of testing 
work, allowing them to concentrate on 
development and bug fixes, and it shortened 
the load release cycle as well. This work 
also exposed the team to phone applications, 
since they wrote the test automation, which 
was an area they had not previously worked 
in.

When the Texas A&M students began 
working with this Cisco team, the engineers 
emphasized the importance of versatility and 
innovation. The students were given projects 
where they could practice these values. In 
many cases, the projects were exploratory – 
one case being to design and develop new 
automation techniques. Although such new 
development does not immediately become 
released product, it eventually becomes 
integral to improving Cisco’s development 
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process, and by contributing in this way, the 
students are given the opportunity to value 
and internalize the team’s core initiatives. 

3 – Project Management using the Agile 
Process

The industry partner uses the Agile software 
development process [4, 7, 8] in most of its 
design projects. Since the collaboration with 
Texas A&M began, the Cisco team taught 
the students how to work under this Agile 
process, which is here explained in more 
detail. 

The Agile Approach

Traditional project management (both for 
software and hardware products) uses a 
phased approach, such as the Waterfall 
approach [4] used in software development. 
. In the Waterfall approach we have the 
following phases: Requirements definition, 
Feature Functional Specification, Feature 

Design Specification, Code development, 
Verification (such as integration testing) and 
General Release. 

However, using the Agile approach, the 
projects are iterative and incremental. Stages 
similar to the Waterfall process occur, but in 
a shortened cycle so that each iteration 
delivers a “value” subset of the overall 
product. After a number of cycles or 
iterations, the complete product has 
materialized. In this model, the requirements 
are defined as “User Stories”. At the 
beginning of each iteration, a User Story is 
expanded to include detailed tasks 
explaining the implementation steps needed 
to satisfy the acceptance criteria of the story. 
The developer follows those steps to 
complete coding and unit test. When testing 
successfully demonstrates that acceptance 
criteria are satisfied, the story is said to be 
complete and accepted. Figure 1 illustrates 
the relationship between tasks, user stories 
and iterations. 

Figure 1 - A simple example of iterations, user stories, and tasks.

The iterations that the Cisco team adopts are 
usually three-weeks long. In this way, the 
User Stories are defined incrementally. After 
each three-week iteration, engineers have to 

demonstrate that something was 
accomplished, and practical demonstrations 
of a working prototype are recommended. 
The prototype may be very simple and 
implement only a few functions. But it 
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provides the customer (or “product owner”) 
with an opportunity to re-evaluate the 
requirements and provide feedback to the 
engineers.

According to [7], the Agile development 
process was created in 2001. Then, the Agile 
Manifesto[9] was defined, which defines 
four main principles, as shown in Table 1.

Table 1 – The Agile Manifesto

Focus on Do NOT focus on
Individuals and interactions Processes and tools

Working software Comprehensive documentation

Customer collaboration Contract negotiation

Responding to change Following a plan

The principles of the Agile Process are 
based on “agility, change, planning, 
communication, and learning” [7]. The short 
iterations allow changes and adaptations in 
the design. As engineers, it is difficult and 
sometimes impossible to predict all the 
things that need to be done to complete a 
project. Engineers learn as they work on it. 
Therefore, a project management tool that 
allows changes during the design, that 
promotes learning and communications 
among all stakeholders is the main idea 
behind the Agile Process. 

An Agile Iteration

The planning, which is done before each 
iteration starts, involves both product 
owners and engineers. The functional 
requirement (or User Stories) need to be 
well defined by the product owner, and well 
understood by the engineers. Each user story 
are assigned a number of points, where one 
point can mean for instance one eight-hour 
day of an engineer. More complex user 

stories are then assigned more points. 
Engineers and product owners usually try to 
agree on the number of points assigned to 
each user story. The engineers then work 
together to define the “Tasks” needed to 
implement each user story. They add the 
tasks under each user story, and estimate 
how many hours it will take to accomplish 
the tasks. User stories and tasks are also 
prioritized during planning. 

Once the iteration starts, the team of 
engineers meets frequently. These meetings 
are known as stand-up meetings. Typically 
one engineer or a project manager is 
assigned the role of “Scrum Master”. The 
scrum is the team that is working on a 
particular iteration. Thus, the scrum master 
makes sure the engineers can successfully 
complete their tasks, assist in the 
communication with the product owner, and 
runs the stand-up meeting. These meetings 
may happen every day, or every other day, 
depending on the team. During the stand-up 
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meeting, the scrum master asks each 
engineer the following questions: 

- What are you working on?
- What will you be working next?
- Do you have any problems or 

obstacles to finish your tasks?

Stand-up meetings must not take too much 
time of the engineer. In industry, it is 
recommended that they last for 15 minutes. 
If an engineer has problems or needs to 
discuss a task in more details, this is not 
done during the stand-up meeting. The 
scrum master should assist the engineer in 
arranging another time when all 
stakeholders can discuss the issue in more 
detail. 

At the end of each iteration, a short 
presentation and a working demo is 
presented to the product owner. The 
demonstrations can be live, or can be a 
video showing the prototype application 
running. It should show the prototype 
application that implements the user stories 
specified in this iteration. 

Using Rally – An Agile Tool

Finally, there are several web-based tools 
that allow project management using the 
Agile Process. At Cisco and in the students 
research work, we have used Rally [10]. In 
Rally, iterations can be defined, with user 
stories and specific tasks under each user 
story. It also provides some tools to manage 
allocation hours of engineers and to update 
the status to the tasks (such as “in-progress”, 
“completed”, or “accepted”, and also” 
blocked”, which means that an engineer 
found a problem to complete his task). 

4 – Agile Project Management with 
Undergraduate Students

This idea of Agile was new to all members 
of the Texas A&M team. Students and 
faculty were exposed to this new concept in 
project management, learned the process, 
and appreciated the way their work was 
planned and managed. This was one of the 
keys of achieving success in our 
collaborative work. 

The major exposure to Agile was during the 
Summer 2010. The students, as interns, 
participated in the whole process that Cisco 
follows, from planning the iterations, the 
stand-up meetings and final demonstrations, 
as described in Section 4. The faculty 
learned the role of scrum master and 
actively engaged in this activity to help 
supervise the students’ projects.  There were 
three Texas A&M iterations during the 
summer, and at each iteration, we learned 
how to better define the tasks in a realistic 
way, i.e., in a way that the students felt 
comfortable in accomplishing them. 

To illustrate this process, the technical 
project that students worked on, under the 
Agile project management, are described 
next.

4.1 - Technical Projects

The technical aspects of the collaboration 
can be better described by a brief description 
of the projects that students and faculty 
worked on during the Summer of 2010. All  
of them were managed using the Agile 
Process. Note that we had one student 
working directly with the development team, 
the automation (or test) team, and build 
team.

- Automation Tool for Smart 
Regression (iAutomate)
As part of a broader “continuous 
integration” project [2], two Texas 
A&M summer interns were assigned 
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to a project on Smart Regression, 
while a third intern was fully 
dedicated to the Test team. This 
project was well planned by the 
Cisco team even before students 
arrived. 

As part of the automation and 
testing, a large suite of testcases are 
included in each regression. Thus, 
when there are changes in the new 
software code for the call manager, 
all these testcases must be run. 
However, due to the large number of 
testcases, this regression takes 
several hours. The students were 
responsible for creating a system that 
would indicate only the testcases that 
were needed to be run depending on 
which parts of the code that had been 
changed in the new software build. 

As part of this effort, they were 
responsible to run all testcases in a 
regression suite, collect information 
about code coverage (i.e., which 
parts of the code and how many lines 
of code were tested by each 
testcase), and save this information 
in a database. 

To accomplish the above tests, the 
students learned several skills: 
writing scripts to run the testcases 
and collect data using Groovy/Java 

[6], working with a MySQL 
database, creating a web-based 
Grails [6]  application (Figure 2) so 
that all team members could access. 
In conclusion, this project gave the 
students an excellent experience on 
software testing and data collection. 

Figure 2 - File to testcase tool developed by the interns

- Usability Study 
We started the partnership with an 
initial, short-term project in which 
three undergraduate students 
conducted a usability study of a new 
user interface (UI) developed for the 
call managers. It started in April and 
continued in the summer months. It 
definitely helped the Texas A&M 
team to get familiar with the Cisco 
product and prepare the students for 
their internship. 

The method of evaluation was 

simple, based on a heuristic 
parameters [3] that are well defined 
for determining the usability of web 
pages or user interfaces. In addition, 
students helped organized a survey. 
Nine evaluators (students from non-
engineering majors, such as animal 
science and general studies) 
performed the small task of adding a 
user and a phone in the call manager 
UI, and answered a survey. This 
study was useful to Cisco as an early 
field trial (EFT) of their new UI. 
Figure 3 shows the equipment setup 
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using the IP phones and call 
managers that Cisco provided to the 

Texas A&M laboratory.

Figure 3 - Test equipment setup for the usability study

- Finite State Machine Drawing Tool 
(iFSM)
Finally, the iFSM project illustrates 
how the faculty member contributed 
to the Cisco’s team. There was a 
need to document the finite state 
machine code, which represents a 
core part of the call manager’s 
operation. This code is written in 
C++ and contains keywords that 
define a Specification and 
Description Language (SDL) state 
machine. Then, one of Cisco 
principal engineers proposed the 

creation of a tool that would 
automatically parse the C++ code 
looking for state machine keywords 
and create an SDL diagram of the 
finite state machine. The Texas 
A&M faculty dedicated her time to 
create this tool (Figure 4). The 
drawing tool used was Graphviz, 
which is a graphical tool developed 
by AT&T. It is an open source tool, 
with which the faculty became 
familiar and later introduced it to the 
students in her classroom. 
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Figure 4 - Finite state machine drawing tool developed by the faculty fellow

4.2 – Lessons Learned

The technical projects  previously described 
were performed in parallel by students and 
faculty. There were three main Agile 
iterations that managed those projects. 
Figure 5 shows how each iteration 
progressed. (Rally provides tools to monitor 
the progress of each iteration, such as the 
iteration burn down shown in Figure 5).As 
we learned the process, students and faculty 
improved on the way the tasks were defined 
and completed (as seen how the blue bars 
decrease more uniformly) and in the number 
of user stories completed and accepted (the 
green bars). At TAMU4 iteration, the 
planning was improved, the allocation of the 
students, and most of the tasks were 
completed. 
In summary, here are the main lessons l 
earned during this collaboration: 

• Students can contribute immediately to 
projects, given adequate 
specifications and mentoring. They 
learned the Agile development 
processes quickly after some 
introductory presentations, and, with 
occasional mentoring, began work 
on their user stories.

• Taking time to mentor the students is 
critical to their success. At first, we 
used some extreme programming 
techniques, helping them to get 
started designing/coding, to boost 
their confidence. Once they began to 
feel more comfortable, they began to 

ask more questions, and make good 
suggestions toward improving the 
software.

• Give adequate explanation of the work 
you are requesting. Cisco used User 
Stories (in an Agile scrum team 
setting) to describe the work being 
requested, and worked with the 
students to fill in the tasks necessary 
to fulfill the acceptance criteria. 
Having the team, students and team 
developers, collaborate to fully 
describe tasks necessary to complete 
a user story benefitted students 
giving them a clear explanation of 
what is needed and empowered them 
as colleagues to raise questions.

• Ensure that each assignment is tractable 
and can be completed within a three-
week iteration. In this way, students’ 
confidence improves with their 
successes and can give feedback 
about their work within a short 
timeframe.
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5 - Conclusions

This paper described an industry-academia 
partnership that has been a win-win 
collaboration for both partners. The Texas 
A&M team has contributed to Cisco in 
projects that helped improve their 
operations, and the Cisco support to students 
and faculty has been outstanding. Both 
industry and academia have a common long-
term vision, and that is a key point of this 
on-going collaboration. Figure 6 shows a 
picture of the group of students with two 
Cisco engineers at the Cisco campus in 
Richardson, TX. 

The Agile Development Process is used at 
Cisco and has been applied to the students’ 
research projects as well. Students are being 
exposed to a real-world project management 
tool. The Agile Process, which emphasizes 
short iterations or cycles, has brought 
benefits to the students. It allows them to 
work on well-defined tasks, avoids 
postponing the work for later on in the 
semester, and helps them achieve the design 
goals by breaking the problem into smaller 
parts. 

After the summer projects described in this 
paper, students and faculty resumed their 
routine of lectures and laboratories. Also, 
new students joined the research team, and 
they had to learn the Agile process as well. 
We experienced some problems, such as 

Figure 5 - Texas A&M student iterations
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difficulty in finding time slots to schedule 
the stand-up meetings, and working together 
as a team.  It was also difficult to get all the 
students together for the planning session, 
which may take a few hours. With the help 
from the engineers at Cisco, we made some 
adjustments to our Agile Process and the 
planning was done mainly by faculty and the 
Cisco engineers as product owners. Then the 
faculty met with a small group of students, 
explained the tasks, and based on feedback 
of the student, modified the tasks and re-
wrote better descriptions. Also, during an 
iteration, the stand-up meetings at Texas 

A&M take longer because students and 
faculty do not meet as a team very often, and 
we take advantage of that time to solve all 
the issues that are blocking the tasks. 

The outcomes from this collaboration are 
benefitting the students directly. The 
students are gaining a lot of experience on 
software development, on IP telephony 
systems, and on Agile project management. 
As engineering becomes a cross-discipline 
approach [5], such skills will benefit the 
students in whichever career path they 
choose. 

Figure 6 - The Texas A&M student team at Cisco.
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Abstract 

This study investigated the effectiveness of 
the implementation of RFID technology as a 
lean manufacturing tool in seven U.S. 
manufacturing industries. The North American 
Industry Classification System (NAICS) 
categories, included fabricated metal products, 
machinery manufacturing, computers & 
electronics, electrical equipment, transportation 
equipment, furniture & related products, and 
miscellaneous manufacturing. The study 
specifically focused on how RFID can help 
identify, reduce, and eliminate the seven 
common types of waste identified by Taiichi 
Ohno in the Toyota Production System. 

A questionnaire was used to identify areas 
where RFID was perceived to have the greatest 
impact on work-in-progress management. Each 
question addressed one of the following lean 
manufacturing wastes; overproduction, waiting 
time, inefficient transportation, inappropriate 
processing, unnecessary inventory, unnecessary 
motion, and rejects & defects.  The respondents 
rated their responses using a five-point level of 
agreement scale The study showed that the 
adoption of RFID technology is perceived to 
influence the reduction of waste in six categories 
of manufacturing waste.  Future studies should 
focus on manufacturing in other countries and 
quantitative data rather than perceptions.

1. Introduction 
RFID technology is seeing increased use in 

the manufacturing industry and is offering many 

benefits to manufacturing businesses. The total 
North American RFID market for manufacturing 
and logistics generated $74.8 million in 2005. 
The market is expected to grow to reach 
revenues of $261.8 million in 2012 [1]. The 
implementation of lean manufacturing through 
the innovative application of Radio Frequency 
Identification (RFID) technology is novel in its 
approach [2].

Confusion remains as to where RFID 
technology best helps in manufacturing. 
“Questions remain as to what aspects should be 
considered when selecting applications, which 
manufacturing wastage RFID may specifically 
address and how these wastages can be 
identified and eliminated” [3]. Saygin and 
Sarangapani [4] suggested the need for a 
complete understanding of business processes 
affected by RFID implementation. Research 
efforts are needed to identify implementation 
areas where RFID can have the greatest impact 
on work-in-progress management in a lean 
manufacturing environment. 

This paper begins with a general overview of 
RFID technology; lean manufacturing; 
manufacturing waste; and work-in-progress 
management  followed by a description of the 
methodology employed for conducting the 
survey. In the next section, results of the survey 
together with some statistical analyses that were 
applied are presented. Finally, conclusions are 
presented at the end of the paper.
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2. Literature Review

2.1 RFID Technology
RFID systems consist of three components: 

an electronic tag to identify each item, a tag 
reader, and a computer system (middleware) that 
translates and integrates data for enterprise 
applications [5].  “RFID tags are made of a 
microchip attached to a radio antenna that is 
then surrounded by some form of casing, usually 
plastic” [6]. An RFID reader is an electronic 
device that generates signals to communicate 
with RFID tags. Readers can execute read, write 
and overwrite commands on each tag over the 
wireless interface [7]. RFID infrastructure is 
referred to as ‘Middleware’ which broadly refers 
to hardware devices and software that are used 
to connect RFID readers and the collected data 
to enterprise applications/ systems [8].  RFID 
enables businesses to integrate the captured data 
with internal business processes to create value 
such as improved logistics efficiency, 
responsiveness, enhanced service, reduce labor 
costs, improve out-of-stock rate, and reduce 
inventory level [9]. RFID technology enables the 
physical tracing of goods through the receiving 
process, raw material stores, production, 
finished goods inventory, and shipping [10].

2.2 Lean Manufacturing
Waste reduction/lean thinking is not a new 

management practice or concept as it has been 
on the leading front for manufacturing 
automobiles since the advent of Henry Ford’s 
assembly lines in the early 1900’s [11]. Ford 
developed a production system focused on high 
output, continually optimized workflow and 
elimination of waste [12]. Henry Ford’s books, 
My Life and Work (1922) and Moving Forward 
(1930) describe lean manufacturing techniques 
[13]. “These references are a strong indication 
that lean manufacturing actually began in the 
United States decades ago” [13]. Henry Ford 
perfected the mass-production philosophy using 

the assembly line to manufacture large volumes 
of affordable cars [14]. Taiichi Ohno, the father 
of Toyota Production System (TPS), revealed 
that he learned most of his methods from Ford 
who described lean manufacturing very 
explicitly in his two books [15]. 

The term Lean Manufacturing was first 
introduced by an MIT researcher, John Krafcik, 
in a Fall 1988 article, "Triumph of the Lean 
Production System” [16]. Lean manufacturing is 
a practice that seeks to minimize the amount of 
resources (including time) used in the various 
activities of a business. Lean manufacturing 
involves identifying and eliminating non-value 
adding activities. These types of activities are 
frequently referred to as “waste” in lean 
manufacturing [3]. Lean manufacturing can be 
best described as a combination of the best 
techniques of mass and craft production. 
Womack and Jones [17] stated that those 
techniques are the ability to provide a customer 
with a wide variety of products, at the right time 
and place, at the lowest cost and the highest 
quality [18].

2.3 Manufacturing Waste
Muda is a Japanese word that means waste. 

Taiichi Ohno suggests that muda accounts for up 
to 95% of all costs in non-lean manufacturing 
environments [19]. The focus of lean thinking is 
to reduce and ultimately remove all kinds of 
waste (muda) from a company’s processes. 
Taiichi Ohno, initially identified seven types of 
muda. He later added the eighth. These are: 
overproduction; waiting time; transportation; 
over-processing; inventory or work in process; 
motion; and rework [20]. Overproduction simply 
means making more, earlier or faster than 
required by the next process [21]. Waiting waste 
is the idle time waiting for such things as 
manpower, materials, machinery, measurement 
or information [21]. “Transporting waste occurs 
when supplies, materials, WIP, and raw 
materials inventory are scattered across a plant” 
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[22]. The waste of inventory is related to the 
keeping of unnecessary raw materials, parts, and 
WIP [24]. Over- processing refers to any actions 
that don't add value [22]. The waste of motion is 
any movement of people, tooling and equipment 
that does not add value to the product or service 
[21]. The waste of defects includes the cost of 
time and raw materials spent manufacturing 
unacceptable product [22]. 

2.4 Work-in-progress management
Unfinished items in a production process that 

is normally found within (between/) production 
steps or sub-processes of a production process is 
known as work in progress (WIP). Such 
unnecessary inventory indicates the existence of 
unreliable production processes. In lean 
manufacturing, this work-in-progress is 
considered a type of waste. Lean practices aim 
to reduce work-in-progress free up resources 
that could be used elsewhere in the 
manufacturing process.  The lean idea is that less 
money should be wrapped up in work-in-
progress inventories [18]. Excess work in 
progress results in many delays and longer lead-
time which increases the cost of production.

Manufacturers are using RFID to gain 
insights into production-line processes. This is 
achieved through the integration of components, 
process and testing data using RFID-enabled 
work-in-process. This creates a detailed history 
of manufacturing activities and provided an 
accurate record of components and assemblies 
as they come together as finished products [29].

3. Research model and hypotheses
This study considers RFID technology 

implementation to enhance work-in-progress 
management in lean manufacturing 
environment. Figure 1 illustrates the proposed 
research model, which hypothesized that the 
seven types of manufacturing waste 
(overproduction; waiting time; inefficient 
transportation; inappropriate processing; 

unnecessary inventory; unnecessary motion; and 
rework/defects) affected by RFID technology 
adoption. The construction of the research model 
and hypotheses are discussed below.

Figure 1. Research model

The waste of overproduction. Overproduction 
simply means making more, earlier or faster 
than required by the next process [21]. 
Overproduction results in overtime that 
customers don't pay for, large amounts of floor 
space clogged with work-in-progress skids and 
process bottlenecks [22].

H1. There is a significant relationship 
between overproduction waste reduction and 
the adoption of RFID technology in work-in-
progress management.
The waste of waiting. Examples of waiting 

waste include downtime, machine breakdowns, 
long make-readies and setups, and defective 
product awaiting inspection [22]. Waiting waste 
also occurs when a worker waits for material to 
be delivered or for a line stoppage to be cleared, 
or when employees stand around waiting for a 
machine to process a part [24].

H2. There is a significant relationship 
between waiting waste reduction and the 
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adoption of RFID technology in work-in-
progress management.
The waste of transporting. “Transporting 

waste occurs when supplies, materials, WIP, and 
raw materials inventory are scattered across a 
plant” [22]. This situation leads to extra 
movements of people, raw material and products 
that are considered as non-value adding 
activities (waste).

H3. There is a significant relationship 
between transportation waste reduction and 
the adoption of RFID technology in work-in-
progress management.
The waste of unnecessary inventory. This 

waste refers to any supply in excess of a one-
piece flow through the manufacturing process, 
whether it is raw materials, work in process or 
finished goods [21]. Excessive inventory include 
dollar costs of purchased materials and used 
floor space [22]. 

H4. There is a significant relationship 
between unnecessary inventory waste 
reduction and the adoption of RFID 
technology in work-in-progress management.
The waste of over-processing. over- 

processing waste is the extra effort that adds no 
value to the product from the customer’s point 
of view [21]. Over-processing can also be the 
redundant checks or processes intended to 
backup or support certain operations. These 
usually serve as safety or quality checks [23].  

H5. There is a significant relationship 
between over-processing waste reduction and 
the adoption of RFID technology in work-in-
progress management.
The waste of unnecessary motion.  The waste 

of motion is referred to as “any movement of 
people, tooling and equipment that does not add 
value to the product or service” [21]. Examples 
of such unnecessary motion include time spent 
searching for and retrieving tools and materials, 
poor process layout [22]. To identify this type of 
waste, value stream mapping is used (Kilpatrick, 
2003).

H6. There is a significant relationship 
between unnecessary motion reduction and 
the adoption of RFID technology in work-in-
progress management.
The waste of defects. This type of waste is 

related to fixing or remaking of defective 
products [24]. Defect products require 
inspection, sorting, scrapping, downgrading, and 
replacement or repair [21]. The waste of defects 
also includes the cost of time and raw materials 
spent manufacturing unacceptable product [22].

H7. There is a significant relationship 
between defect waste reduction and the 
adoption of RFID technology in work-in-
progress management.

4. Research methodology

4.1. Sampling and data collection

A survey instrument was used to test the 
seven hypotheses in this research. Responses 
were collected from 78 participants who are 
current members of the Society of 
Manufacturing Engineers (SME). All 
respondents are leaders with executive job titles 
across seven US manufacturing industries. 

4.2. Variable measurement

Independent variables. Seven independent 
variables were used in this study. These were; 
(overproduction, waiting time, transportation, 
over-processing, inventory, motion, and 
rework). Thirteen RFID technology 
implementations within work-in-progress 
management were investigated. Each item is 
related to one of the seven manufacturing 
wastes. Questions used the following five-point 
level of agreement Likert-type scale: (1) 
Strongly disagree, (2) Disagree, (3) Neutral, (4) 
Agree, (5) Strongly agree.

Dependent variable. The perception of how 
RFID technology adoption can impact lean 
manufacturing waste reduction in work-in-
progress management.



Proceedings of the 2011 IEMS Conference

91

Table 1. illustrates the investigated items.

Table 1. The Investigated Items
The use of RFID technology helps reduce…

1 'Overproduction' by knowing how much of 
which goods/materials are Work-In-
Progress.

2 'Overproduction' by enabling more effective 
tracking of materials throughout 
manufacturing process.

3 'Waiting time' by knowing where finished 
goods/materials are.

4 'Inefficient transportation' by managing the 
whereabouts of materials during 
transportation between processes.

5 'Inefficient transportation' by knowing 
where Work-In-Progress goods/materials 
should be brought to.

6 'Inappropriate processing' by knowing which 
goods/ materials are suitable for which 
processing.

7 'Inappropriate processing' by assisting in 
identifying product that has been processed 
inappropriately.

8 'Unnecessary inventory' by eliminating 
mistaken Work-In-Progress goods/ 
inventory association. 

9 'Unnecessary inventory' by allowing for 
reduced queuing between processes.

10 'Unnecessary motion' by allowing shorter 
physical distances between manufacturing 
processes.

11 'Unnecessary motion' by eliminating manual 
data collection and human errors.

12 'Defects' by directly or indirectly reducing 
manufacturing non-conformances.

13 'Defects' by reducing scraps through 
improved traceability.

4.3. Scale reliability

The reliability of the five-point Likert-type 
scale study was evaluated using Cronbach's 
alpha coefficient. Cronbach’s alpha is based on 
the average inter-item correlation and it is the 
most generally accepted instruments internal 
consistency reliability test [25]. Rivard and Huff 
[26] suggest that Cronbach's values exceeding 
alpha coefficient of 0.7 thresholds provide 
reliability evidence for internal consistency of 
the measurement scales. The scale (13 items) 
demonstrated consistency  coefficient of 0.895. 
Individual items coefficient values ranged from 
0.880 to 0.891. This is very good evidence of 
internal consistency.. George and Mallery [27] 
provide the following rule of thumb: (0.5 and 
below) unacceptable, (0.6 and above) 
Questionable, (0.7 and above) Acceptable, (0.8 
and above) Good, (0.9 and above) Excellent.

4.4. Items statistics

The scale mean was 42.78 and standard 
deviation was 8.421 with a variance of 70.90. 
The items means ranged from 2.62 to 3.91 with 
an overall mean of 3.29. Items 7, 8, 10, 12, and 
13 had means below the average. This indicated 
that respondents tended to respond on the 
positive side of the five-point Likert-type scale. 
Corrected item-to-total correlation for item 7 
was 0.75. Items 1, 2, 3, 4, 6, 8, and 9 had 
corrected item-to-total correlations ranged from 
0.60 to 0.68. Item 11 had an item-to-total 
correlation of 0.30. A rule-of-thumb is that these 
values should be at least 0.40 [28]. 8 items of 13 
had significant item skewness above +/- 0.5. 

Table 2. illustrates central tendency measures 
for all items. In addition, and to make the results 
much easier to understand, a chi square test 
representing residual values for each of the five-
point Likert-type scale categories is provided. 
The highest residual value was the decisive 
factor when selecting under which of the five 
scales the majority of responses were.  
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Table 2. Items statistics
Chi Square Test – (Frequencies Residual 

Values)

Item
s

M
ode SD D N A SA

1 4 -13.4 -3.4 .6 22.6 -6.4
2 4 -13.4 -7.4 -.4 27.6 -6.4
3 4 -10.4 -6.4 3.6 17.6 -4.4
4 4 -12.4 -6.4 4.6 21.6 -7.4
5 4 -12.4 -9.4 9.6 16.6 -4.4
6 4 -12.2 -4.2 7.8 12.8 -4.2
7 3 -8.2 2.8 6.8 5.8 -7.2
8 4 -10.8 2.2 7.2 10.2 -8.8
9 4 -12.0 -7.0 11.0 17.0 -9.0
10 2 -12.0 14.0 9.0 -2.0 -9.0
11 4 -14.2 -11.2 -2.2 25.8 1.8
12 2 -3.0 8.0 8.0 .0 -13.0
13 3 -11.2 6.8 13.8 4.8 -14.2

SD=Strongly Disagree; D=Disagree; N=Neutral; 
A=Agree; SA=Strongly Agree

The mode and residual values were 
calculated for each of the 13 items as presented 
in Table 2. Items 1, 2, 3, 4, 5, 6, 8, and 9 had a 
mode of 4. This is equal to level 4 (Agree) of the 
used Likert-type scale. Items 7 and 13 had a 
mode of 3. This is equal to level 3 (Neutral) of 
the used Likert-type scale. Items 10 and 12 had a 
mode of 2. This is equal to level 2 (Disagree) of 
the used Likert-type scale. Items 7, 10, 12, and 
13 were rejected based on this test.

 The highest residual values for items 1, 2, 3, 
4, 5, 6, 8, and 9 were under the “Agree” 
category. Whereas, the highest residual values 
for items 7 and 13 were under  the “Neutral” 
category and item 10 were under the “Disagree” 
category. The item 12 residual value were equal 
under “Disagree” and “Neutral” categories. 
Thus, items 7, 10, 12, and 13 were rejected. 

5. Discussion  
An analysis of the results revealed that the 

majority of respondents agreed that work-in-
progress management will improve through the 

adoption of RFID technology.  The 
improvement will likely be in the the following 
six lean manufacturing waste categories; 
overproduction, waiting time, inefficient 
transportation, inappropriate processing, 
unnecessary inventory, and unnecessary motion. 
Whereas respondents did not think the adoption 
of RFID technology helps reduce the waste of 
defects in lean manufacturing settings. 

The potential RFID applications that have 
been supported under work-in-progress 
management scale include; (a) knowing how 
much of which goods/materials are work-in-
progress; (b) enabling more effective tracking of 
materials throughout manufacturing process; (c) 
knowing where finished goods/materials are; (d) 
managing the whereabouts of materials during 
transportation between processes, (e) knowing 
where work-in-progress goods/materials should 
be brought to; (f) knowing which 
goods/materials are suitable for which 
processing; (g) eliminating mistaken Work-In-
Progress goods/ inventory association; (h) 
allowing for reduced queuing between 
processes; (i) eliminating manual data collection 
and human errors.

In conclusion, H1, H2, H3, and H5 were 
fully supported, whereas H4 and H6 were 
partially supported. H7 was not supported. 

6. Conclusion and implication
The study showed that the adoption of RFID 

technology is perceived to influence the 
reduction of the following six manufacturing 
wastes; overproduction, waiting time, 
unnecessary inventory, unnecessary motion, 
inefficient transportation, and inappropriate 
processing. The study also showed that there is a 
significant relationship between lean 
manufacturing waste reduction and the adoption 
of RFID technologies in work-in-progress 
management. However, the study did not find a 
significant impact of the adoption of RFID 
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technologies in manufacturing and the reduction 
of defect waste.

6.1. Practical contribution 

The paper includes implications for 
organizations utilizing RFID to help them 
identify more implementation areas where RFID 
can have the greatest impact. Furthermore, 
findings of this research may be used to build a 
business case for RFID and therefore help 
potential manufacturing businesses to start 
implementing this technology.  

6.2. Theoretical contribution  

This study advances the understanding of the 
relationship between RFID and lean 
manufacturing waste reduction. This research 
also may benefit a great number of stakeholders 
who are interested in studying the compatibility 
of RFID technology and lean practices.

6.3. Limitation and future studies

First, this study was conducted on the U.S 
Manufacturing Industry and results may (or may 
not) be consistent with similar studies conducted 
in other countries. Therefore, further research 
would be needed to verify whether the results 
are consistent in other countries. Second, the 
study measures perceptions and expectations of 
respondents rather than objective, factual data. 
Further research is needed to determine whether 
the respondent perceptions are consistent with 
actual events.
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 Abstract 

As the success of distance learning (DL) has 
driven universities to increase the courses 
offered online, certain challenges arise when 
teaching computer science (CS) courses to 
students who are not physically co-located and 
have individual learning schedules. Teaching CS 
courses involves high level demonstrations and 
interactivity between the instructor and students.  
For example, dropout and failure rate is high in 
introductory programming classes. Algorithmic 
thinking is a complex multi-step process.  More 
advanced concepts are layered on top of others 
which should be learned previously in 
mathematics and other science areas. The 
commonly used formats of course contents and 
methods of communication delivered in distance 
learning environment such as Microsoft 
PowerPoint (ppt) and Word, Adobe Portable File 
Format (PDF), phones or emails are possible to 
have some level of interactivity. However, better 
demonstration and interactivity can be achieved 
by using flash technologies and animated 
simulations, and employing synchronous 
communication technology which works as the 
collaborative platform to allow the instructor 
and students to have real time application 
sharing.  In this paper, examples of using flash 
videos and collaborative tools to teach online CS 
courses are presented. In addition, findings in 
terms of instructional strategies and suggestions 
to other educators who may face similar 

situations to teach online CS courses are 
discussed. 

1. Introduction 
The California Distance Learning Project  [1] 

defines distance learning as follows: "Distance 
Learning (DL) is an instructional delivery 
system that connects learners with educational 
resources. DL provides educational access to 
learners not enrolled in educational institutions 
and can augment the learning opportunities of 
current students. The implementation of DL is a 
process that uses available resources and will 
evolve to incorporate emerging technologies."  
DL allows teaching and learning not to be 
restricted to the classroom or the school day. It 
can offer a great deal of flexibility in when, 
where, and how educational resources are 
distributed. Time and commuting cost can be 
saved for students that would otherwise be spent 
on travel back and forth to school. Learning 
schedule can be arranged at students' 
convenience to fit other aspects of students' 
personal and professional life. Without DL 
education, many students would not be able to 
accomplish a degree in higher education. For 
example, mothers choose DL because they can 
take their classes late at night after their children 
sleep. Students with disabilities and those who 
work full time or serve in military may find DL 
offers more opportunities than traditional 
education [2].  Both slow and quick learners are 
encouraged in DL.  In its self-paced learning 
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process, students can study at a personal speed 
that reduces stress and increases satisfaction.  
DL also helps students to gain extra computer 
and internet skills during the learning process.  
Students are judged solely by the output of their 
minds and intellect, without their status in life or 
physical characteristics being a factor. 
Therefore, DL can potentially eliminate all 
biases toward race, age, and physical disability 
that might occur in the classroom [3].   
Academic institutions and industry corporate are 
also benefited from DL. The cost of training is 
less expensive in DL [4].  Since the convenience 
of time and broader geographical locations of 
students promised in DL, advanced or 
specialized classes in which enrollments are low 
in traditional classroom setting can be offered in 
DL [5] [6]. After the initial infrastructure and 
development costs are met, the marginal cost of 
serving additional students is close to zero. For 
example, Cisco Systems' e-learning 
manufacturing programs have produced savings 
of $1 million per quarter, producing an 80 
percent increase in speed to competence  [7]. 
National Center for Education Statistics has 
found that enrollment in distance education at 
degree-granting postsecondary institutions is 
increasing tremendously each year. The survey 
reports that estimated 12.2 million students were 
enrolled in DL courses during 2007. Of these 
distance education enrollments, 77 percent were 
reported in online courses, 12 percent were 
reported in hybrid/blended online courses and 10 
percent were reported in other types of distance 
education courses  [8].  

Although the advantages of DL are obvious 
and numerous, there are also problems. It has 
been rationalized that students in DL courses 
need to be responsible, have self-discipline and a 
certain amount of motivation to complete the 
course work [9].  Rintala  [10] went further and 
cautiously asserted that distance education 
works best for more mature, motivated, well-
organized, and already accomplished learners  

[11]. In DL's learning process there is no teacher 
looking over one's shoulder, therefore, discipline 
and time management skills are mandatory. 
Students should be able to set their own goals 
and make progress continuously through to the 
end of the term.  Students may find it hard to 
have the right time to study while keeping other 
responsibilities for work and family. 
Procrastination is the main cause for students to 
miss the deadlines of assignments posted in the 
syllabus. In DL the interaction between the 
instructor and the learner and socialization 
between students can be limited due to the 
physical separation.  The professors and other 
classmates are available usually by phone, email 
and discussion forum, which causes students not 
to get immediate feedback from the question or 
discussion. Physical separation leads to a 
psychological and communication gap, a space 
of potential misunderstanding and delay between 
the inputs of the instructor and those of the 
learner  [12].  The opportunity for the student to 
make the cognitive connection within the course 
material may be lost because of this time delay  
[13].

Besides those general problems associated 
with DL, certain challenges arise when teaching 
computer science (CS) courses to students who 
are not physically co-located and have 
individual learning schedules. Learning to 
program is a difficult task for many students 
even in traditional class. The dropout and failure 
rate is as high as 30 percent in introductory 
programming courses at the university level  
[14]. Algorithmic thinking is a compound multi-
step process. Problem solving ability and 
background knowledge of mathematics 
underlying the process are essential foundations. 
In addition, a student must be able to use the 
computer and software effectively to create the 
program, compile it, and find the output. The 
program produced must be tested and any 
programming error must be corrected. Since in 
DL the instructor and students are physically 
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separated, it creates significant barrier to teach 
students those basic skills to use new software or 
debug a program.  Teaching CS courses involves 
high level demonstrations and interactivity 
between the instructor and students. The 
commonly used formats of course contents and 
methods of communication delivered in distance 
learning environment such as Microsoft 
PowerPoint (ppt) and Word, Adobe Portable File 
Format (PDF), phones or emails are possible to 
have some level of interactivity.  However, 
better demonstration and interactivity need be 
achieved.

In this paper, several effective teaching 
strategies and tools for online CS courses are 
presented. Suggestions for course interface 
design are presented in Section 2.  Visual-audio 
teaching lessons are discussed and presented in 
Section 3. Collaborative tools that allow the 
instructor and students to have real-time 
application sharing is introduced in Section 4.  
Other findings in terms of instructional 
strategies and resources are presented in Section 
5.

2. Course Design 
There are commercial products of Course 

Management Systems (CMS) used to design and 
organize an online course. Examples of brand 
names of such products include “WebCT” and 
“Blackboard” (http://www.blackboard.com), and 
“Desire2Learn” (http://www.desire2learn.com/) 
etc.  When the instructor designs the course, the 
purpose of posted materials needs to be clear to 
the students. Is this for syllabus policy? Is this 
an assignment? Is this required reading material 
for the course?  Here authors use Blackboard® 
as the CMS to give suggestions on how to 
design and organize the course. There are 12 
sections in an online CS course that the authors 
teach (Figure 1):

Figure 1. Online course menu.

1. "Starts here": A welcome message that 
contains important information for student to 
start the class including important software 
information, policy on assignments, exams and 
discussions is posted there. The page also 
provides a "course site map" (Figure 2) to 
summarize each section and aid students in the 
navigation of the course.

2.  "Announcements":  Students can view 
important messages from the instructor posted 
this section.  The link will appear automatically 
right after students login into the blackboard 
when a new message is posted. 

3. "Syllabus": Students are expected to 
read it very carefully and should contact the 
instructor if they have any question.  "Syllabus" 
is also served as a "contract" that the instructor 
and students must follow. A complete and clear 
syllabus can avoid or solve possible situations 
that cause grade appealing and increase students' 
satisfactions on the course.   
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Figure 2. Course site map.

4. "Faculty information": The instructor 
can post biography information here. By 
providing the instructor's education background, 
working experience, research interest or 
information of instructor's personal life, it will 
give students the sense that they are connecting 
with a real people. The page also gives users a 
quick way to look up names including teaching 
assistants, email addresses, office hours, and 
other contact information.

5. "Course Documents": Lecture materials 
and other required reading materials can be 
posted here. Materials should be grouped and 
organized into modules. For example, Figure 3 
shows that the course contents are presented in 
weekly modules.

6. "Discussion Board": The instructor and 
students use discussion Board to interact by 
posting to the discussion board. Figure 4 shows 
multiple forums can be created for the purpose 
of social and academic interactions.

Figure 3. Course Documents in weekly 
modules.

Figure 4. Discussion Forums.

7. "Assignments":  Assignment 
information and deadlines can be posted under 
this menu. In the courses the authors teach, 
students are required to turn in all assignments 
through Blackboard assignment pages by 
midnight of the due date.  The instructor will not 
accept solutions via email or other media due to 
two reasons.  The first reason is to avoid 
potential virus. The second one is to take 
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advantage of Blackboard assignment page to 
keep the record of students’ submissions and the 
time stamps and get all student work organized 
and use grade center to grade them.

8. "Exams/Quizzes": This menu contains 
exams and quizzes of the course. Blackboard has 
various types of questions that an instructor can 
pose in quizzes and exams. 

9. “External Links”: This is the location 
where students can find additional useful 
websites for the course. For example, the 
textbook webpage that students need to access to 
obtain the resources such as data files and 
university’s library page can be listed here. 

10. “Grades”: This page provides students 
easy view of the grades and access to the 
instructor's comments on assessment 
submissions.

11. “Tech/Proctor Info”: Various guidelines 
for University policies on technology use, 
Ecampus student handbook and proctored test 
information are listed in this menu. 

12. “Course Tools”: This built-in menu lists 
all resources and adds on available in 
Blackboard. For example, students can 
download Wimba Pronto (will be introduced 
later in this paper) to communicate with the 
instructor.

3. Teaching lessons
Since the separation of the instructor and the 

students creates more communication 
difficulties, the learning materials must be 
designed properly to engage the learners and 
promote learning experiences [15].  Studies on 
media research have shown that students can 
gain significant learning benefits from audio-
visual multimedia, if it is used properly [16].  
The ability to see an actual application usage or 
see and hear an instructor allows behavior 
modeling to be applied to abstract concepts [17].  
The multi-media teaching lessons can be 
delivered in either a synchronous or 
asynchronous way. One model suggests 80% of 

a student’s time is spent on self-paced learning 
and remaining 20% in interactive, synchronous 
communications with the instructor and 
classmates [18]. The actual number of 
percentages is flexible and should be adjusted 
according to the course learning objectives, the 
learner and the instructor.

3.1. Synchronous teaching lessons

In a synchronous delivery method, the 
teacher and the student are able to interact with 
each other in “real time”. Innovative distance 
learning approaches are expanding rapidly based 
on emerging technologies such as in two-way 
video conferences, for example, students interact 
with “live” video of an instructor by VTEL® 
(http://www.vtel.com/),  or use Wimba 
Classroom® (http://www.wimba.com) which 
can be integrated in Blackboard.  The advantage 
to use synchronous method is it can ensure 
students understand their lessons by asking for 
immediate feedback, answering questions and 
providing group discussion.

3.2. Asynchronous teaching lessons

 Comparing to a synchronous delivery 
method, asynchronous one is not simultaneous.  
The instructor in this case delivers teaching 
instructions via computer and internet and gets 
later responses from students. One of the 
advantages to use asynchronous method is the 
low cost. Educational institutions with budget 
constraints would like to take advantage of those 
synchronous delivery technologies, but cannot 
fully do so with limited funds.  Moreover, 
students who take online learning usually intend 
to avoid hindrances such as a fixed meeting 
schedule, and expect distance learning being as 
effective as traditional classroom learning. 
Those constraints often force very sophisticated 
and expensive technologies to have less access 
availability to schools and students.  

PC-based flash technologies such as Adobe 
Captivate® and Camtasia Studio® can be used 
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to make asynchronous teaching lessons. Flash is 
a vector based animation program. With its 
built-in programming language, called 
ActionScript®, it can produce from simple 
animations to complex interactive online 
applications.  Since introduced in 1996, flash has 
become a popular method for integrating video 
and other various web page components.  
Commercially available flash technologies such 
as Adobe Captivate® and Camtasia Studio® can 
easily be used by an instructor without flash 
programming knowledge to build flash contents 
in a personal computer.  Tools used to view the 
flash such as Adobe flash player® 
(www.adobe.com), are downloadable free as 
web browser add-ons.  Students can view the 
teaching contents without the need of additional 
software.  Compared to regular PowerPoint 
presentations which can also produce animations 
and recorded narrations, flash files are highly 
compressed, requiring much smaller storage 
spaces.  Moreover, flash has much higher quality 
of synchronous visual and audio integrations, 
user-interactivities, and is considered to be the 
preferred medium for Internet file sharing and 
teaching demonstration.

Flash can create step by step animations and 
corresponding narrations to make the learning 
materials more memorable and persuasive.  The 
components of animations must be designed 
properly, in order to target the course objectives 
and contain the right amount of information that 
the audience can comprehend. During authors' 
several course developments with flash contents, 
it was found that it would be easier and time 
saving for instructors who have not much flash 
programming knowledge to design lectures in 
regular Microsoft Power Points format first, then 
to record the onscreen presentation activities 
using a PC-based flash technology. During 
recording, vocal explanations can be added as 
well as pre-made layouts and animations. 

Flash technologies allow instructors to edit 
and polish the videos.  The video speed should 

be made appropriately to suit for the learning 
process; otherwise it may cause learners’ 
increased anxieties.  There is no need to have an 
“error-free” recording.  Real-time programming, 
compiling and debugging can be recorded to 
enhance learning experiences.  For example, 
when programming in C++, the instructor may 
get errors after the program is compiled.  It 
would be helpful to demonstrate the details of 
the error- correction process which simulates the 
real time situation of how the common 
programming errors can be and how to debug 
the errors in its actual application. A typical 
lecture using flash technologies should be 
divided into sessions with appropriate time 
allocation to gain optimum benefits.  Research 
has found that the maximum attention span of an 
adult learner is about 20 minutes [19].  
Therefore, the optimal duration for each session 
can be less than 30 minutes.  Flash videos can be 
published in various formats and are most 
convenient for non-traditional students whose 
learning environment is adaptive.

PC-based flash technologies enable 
instructors to add various advanced features to 
the presentation to keep learners’ attention 
focused on the course subjects as well.  These 
features can be interactive simulation, scenario-
based training or self-evaluation.  Flash 
technologies are also compatible with easily 
add-ons to convert text to an artificial human 
speech. 

Several courses and projects have been 
completed by the author using PC-based flash 
technologies such as Adobe Captivate® and 
Camtasia Studio®.  One of the flash videos, for 
example, was created in the form of a 
PowerPoint presentation but with more dramatic 
visual effects, featuring the use of flash 
interactivity, text-to-speech technology, and 
Flash-in-Flash embedding.  The authors found 
these teaching materials are much more effective 
in providing students an easy learning 
experience in both distance and traditional 
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classroom environments compared to ordinary 
PowerPoint notes. A demo can be found at: 
http://spectrum.troy.edu/~xhuan/csdemo.html. In 
an e-learning system such as Blackboard®, 
storage space for each course may be limited by 
a memory quota.  The instructor would have to 
remind students to watch or download the flash 
video and then update the contents periodically.

4. Office hours 
In a traditional classroom setting, a student's 

performance can be immediately assessed 
through questions and informal testing. Recent 
technology makes it possible for distance 
learning as well. In the online CS courses the 
authors teach, Wimba Pronto® is used as the 
collaboration tool to communicate with students 
for real time interaction. Wimba Pronto is an 
academic-centric instant messaging platform 
designed to bring informal learning settings 
online. One of the main differences between 
Wimba Pronto and other instant messaging 
programs is that Wimba Pronto is synchronized 
with the institution's Course Management 
System (CMS) such as blackboard. This means 
that students and teachers are automatically 
connected with other Wimba Pronto users 
enrolled in the same courses. Whenever a 
student has a question, he/she can use Wimba 
pronto to collaborate and communicate with the 
instructor quickly and easily. The features of 
Wimba pronto include: Audio Calling, Video 
Calling, Application Sharing, Queued Chat, and 
Help Desks 
(http://www.wimba.com/products/wimba_pront
o). 

One of the most useful features in Wimba 
Pronto for CS courses is Application Sharing. 
For example, when students install a certain 
application in their computers, they may 
encounter different problems due to individual 
settings in their computers. The paths of 
directories can be different. The operating 
systems can be different. The error messages are 

different. Students will feel frustrated if they get 
stuck at the beginning stage of the class when 
they cannot install the software successfully. 
Finding a tutor locally is not an easy task in 
some regions. Those problems can be helped by 
Wimba Pronto. The Application Sharing feature 
allows real-time display of any document or 
application on the student's or the instructor's 
computer. For instance, in one database class, 
students are required to install mySQL® and  
use the "source" command to import a file 
containing all table creation and data insertion 
commands. The path of the file varies in 
individual computers. By using Wimba Pronto, 
the instructor can view student's computer 
screen and successfully help them through the 
importing process (Figure 5). Wimba Pronto’s 
group chat allows the instructor to hold online 
office hours and manage individual attention 
with a large number of users at the same time.

Figure 5. An example of Wimba Pronto's 
Application Sharing.  On the left side, it is the 

application sharing window that shows the 
student's computer screen activity in the 

instructor’s computer. On the right side, it is 
the Pronto's window that allows the teacher 

and the students to communicate.
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5. Other useful instructional strategies

5.1. Enhance reading culture

Reading is a fundamental aspect of 
programming  [20].  Programming is a cognitive 
activity that requires the programmer to develop 
abstract representations of a process and express 
them in the form of logic structures. In the case 
of creating, modifying, reusing, or debugging a 
program, the programmer must also translate 
these abstract representations into completely 
correct code using a formal language  [21]. A 
mental model which refers to the user’s mental 
representation of the components and operating 
rules of the system and may vary with respect to 
its completeness and veridicality,  have been 
shown to play an important role in programming  
[22]. The more complete and veridical the 
student’s mental model is, the more useful in 
supporting sophisticated programming it will be  
[23]. What can help the student to build a good 
mental model of programming?  The research  
[24] shows that there is a strong relationship 
between using a systematic approach to acquire 
knowledge about the program and modifying the 
program successfully. Programmers who used 
the systematic approach to study the program 
and build complete plan constructed more 
successful modifications than programmers who 
used the as-needed approach to jump 
immediately into the codes to make 
modifications. Programmers who attempted the 
systematic strategy were able to gather 
knowledge about the causal interactions of the 
program's functional components. Programmers 
who used the as-needed strategy did not gather 
such knowledge and relationships between other 
parts of the codes. 

The textbook conveys the amount of 
information necessary to enable students to go 
through the class. However, many online 
students are reluctant to read or do not spend 
enough time reading their textbooks. There are 
three reasons found by the authors account for it:

1) Busy schedule: according to statistics 
from the U.S. Department of Education and the 
University Continuing Education Association, 
the fastest-growing group taking college courses 
is the nontraditional students that are 25 and 
older who are working and raising families.  
Many Online students find it hard for them to sit 
down and read since they have multiple roles 
such as parent, spouse, employee, and student at 
the same time.  

2) Lack of interest: Adult students return to 
school years after employment, homemaking 
and/or other activity.  Studying, reading and 
being able to retrieve the information when 
needed might seem discouraging for them. 
Those students do not feel quite interested in 
reading. 

3) Technology transition: for the new 
generation, it is common to read online. Students 
are more likely to read blog, wikipedia, online 
tutorial, and use internet to gather new 
information.  However, there is a difference 
between reading online and printed material. 
Research in the subject of online reading 
suggests that reading online is less effective than 
reading printed material. Learners also tend to 
skim online materials [25]. Students usually do 
not read at the same depth when they are 
searching online as reading printed material.  
When reading a printed book, readers often stop 
and think or visualize about what they have just 
read. Reading online is quite different. Almost 
everything about being online is faster paced. 
The keywords are typed in and searched through 
the links. Many times the reader stops at the 
middle of a webpage and jumps to another link.

Based on the class experiences of the authors, 
reading culture can be enhanced in distance 
learning in the following practices by the 
instructor: 

1) Use syllabus or course announcements 
to address that reading and retaining information 
found in academic books is one of the keys to 
succeed for study.  Urge students to set priority 
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for reading activity. Ask students always carry a 
book. Time spent waiting in line or in the car 
while someone is shopping or kids playing 
soccer can be study time.

2) Provide tips. Ask students to be an 
active reader. For example, in an introductory 
programming class, students should read 
example codes carefully. They should type 
example codes in the compiler instead of just 
copying and pasting it, which forces students to 
pay attention to syntax of the programming 
language. Example codes should be run and 
tested by students. 

3) Apply instructional strategies to ask 
questions before, during and after students' 
reading in discussion forum. Encourage specific 
questions from students. Discussion can activate 
students' prior knowledge, monitor and assess 
the reading levels and progress of students. It 
can also provide opportunities for students to 
respond, make connections and extend 
comprehension. 

4) Research and post useful links on 
textbook topics. There's a good possibility the 
textbook does not explain certain topics well or 
alternative explanations may work better. Help 
students find good alternative resources 
including internet to read.    

5) Provide peer review opportunity. For 
example, select and post the exceptional work 
regularly. Group project also creates pair 
programming opportunity for students to work 
with other programmers, broadens their horizons 
and increases the quality of code  [26].

5.2. Take advantage of useful resources

Developing quality multi-media educational 
materials requires large amount of time from the 
instructor. Researching and reusing existing 
materials developed by other educators can help 
significantly to mitigate the time challenge and 
improve the course contents.  Instructors do not 
have to "reinvent the wheel" for each topic. 

There are many useful existing resources 
available for teaching computer science.

1. Choose a good textbook. Most effective 
distance education classes should be carefully 
and deliberately planned by the department 
committee to meet the educational requirements 
of the course and student learning outcomes. 
Choosing a good textbook is critical for the 
success of a distance learning course. A good 
textbook should match the course, the instructor 
and students. It should have appropriate 
difficulty level and readability  [27].  Textbooks 
with a variety of useful high-tech supplements 
and links to interesting websites are especially 
helpful for distance learning courses. For 
example, the author of C++ book "starting out 
with C++ from Control Structures" (ISBN: 978-
0-321-54588-6) provides an series of online 
videos to accompany the text 
(http://www.aw.com/gaddis).    

2. Choose a good courseware. Courseware 
like myitlab (http://www.myitlab.com) has open 
simulation of Microsoft Office 2007 that allows 
students to complete an activity exactly as it is 
taught in the textbook. Its outcomes-based 
training is self-paced and adaptable to each 
student’s skill level. Students can advance to the 
next level if they already know the subjects in 
the current level. Multimedia demonstrations as 
hints are also available for students to watch. 

3. Choose good open materials. There are 
many useful and high quality open source 
materials available on Web. For example, 
Virginia Tech (http://courses.cs.vt.edu/csonline/) 
provides multimedia course material with 
animations to assist learning some key 
Computer Science topics. CodeWitz Network 
(http://www.codewitz.net/) invites high 
education institutes to produce and evaluate 
illustration, animation and visualization aids. 
Therefore, the material bank, which helps the 
students to better understand and master and the 
teachers to better explain and illustrate the 
problems connected to the use of basic and 
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advanced structures in computer programming, 
is enriched.

6. Summary
In this paper, examples of using flash videos 

for online teaching materials and collaborative 
tools to communicate with students are 
presented and discussed. Findings in terms of 
instructional strategies to enhance students’ 
reading skills in order to support and increase 
self-efficacy are suggested. Useful resources to 
effectively teach online CS courses are 
introduced.
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Abstract

A laser kit was designed and developed that 
would grant students of a high-school level the 
opportunity to learn basic physics principles 
using the laser and instruction manual to gauge their 
understanding by having them complete a 
demonstration. Other specifications include 
portability, output power (must be between 2-5 
mW), and the ability to run off of battery DC 
power as well as have the option to plug into a 
wall outlet to convert AC to DC power with a 
minimum cost. The kit consists of a laser based 
in a portable housing, an instruction manual to 
familiarize students with the laser and scientific 
laws, and a lab demonstration for the students to 
perform. The laser diode is chosen for its low 
cost, compact size and its appeal to students as a 
new technology. The laser is composed of a driver 
circuit designed to provide constant current, printed 
on a printed circuit board, attached to laser diode, 
and put in a clear acrylic housing. The instruction 
manual provided with the kit covers the nature of 
light and electricity, introduces electric 
components, and gives instruction on how to 
perform the labs. 

1. Introduction
The goal of this project is to design a working 

laser (light amplification by stimulated emission of 
radiation) kit which can be used in a proper 
laboratory demonstration to successfully teach 
high school students electrical fundamentals and 
basic principles of light which include refraction, 

wavelength, and other properties in its 
application to lasers. This kit will provide 
students with parts necessary to build their own 
laser along with detailed instructions which will 
help them complete this task. The demonstration 
was planed to utilize deals mostly with refraction 
principles. By pointing a laser beam through 
different mediums, students will be able to 
determine the index of refraction of each medium 
based on velocity and angles of refraction. Some 
high schools lack the means and materials needed 
to perform important scientific demonstrations 
which could greatly enhance a student’s scientific 
background. In order to complete this task one 
needs a working laser that can be easily 
constructed, a demo that will validate the 
properties of light in a fashion that high school 
students will straightforwardly comprehend, and a 
set of instructions that will detail a step-by-step 
procedure in constructing the laser; also teaching 
the students certain physics principles [1].

In terms of an instruction manual, it has the 
steps to build the laser with visual aids, but it 
should also include reasons why certain parts are 
necessary and go into more detail about the 
function of specific parts of the laser, e.g., the 
amplifier stage and the laser tube. Deciding on 
different alternatives is difficult to include in the 
instruction manual because there are so many 
variations that would accomplish the same task, 
however, a booklet type instruction manual would 
probably work best. The instruction manual will 
most likely undergo many changes in the building 
stage of this project when the local high school 
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students were bring in to critique this laser learning 
kit. Because of the volatile nature of the instruction 
manual, there is no 'best' solution, in a sense; 
therefore it will simply has to improve upon the 
booklet style instruction manual after high school 
students have had a chance to review the manual.

2. Feasibility criteria
A feasibility analysis will be conducted to 

determine each alternative's viability. Most of 
these criteria come from the client who gave 
certain specifications to meet. These criteria must 
be passed if the alternative is to be considered for 
a merit analysis.

The power output must be between 2-5 
mW. This laser kit must be able to switch from 
being powered by an AC source (wall outlet) to 
a battery source. 
Alternative 1: Diode laser

Diode lasers produce a laser beam much 
differently than gas lasers. Instead of exciting a 
gas with a current, there is a small chip that 
produces the laser beam. Inside the chip are a set 
of exotic semiconductors like gallium-arsenide, 
which produce varying energy levels between the 
conduction and valence electrons which provide 
the mechanism for lasing action. Laser diodes can 
be mistaken for LED's which stands for light 
emitting diode because some laser pointers use 
LED's, but laser diodes are true lasers. Laser 
diodes include a feedback loop that LED's do not 
have that reduces the number of modes operating 
therefore resulting in a narrow emission line (laser 
beam) and makes it more monochromatic. It is not 
easy to get single mode lasing with diode lasers as 
it is with gas lasers, and because of this the laser 
beam’s frequency will not be as narrow or sharp. 
To achieve single mode lasing like that of gas lasers, 
diode lasers sometimes require complicated 
external optics depending on the application one 
is building for. Diode lasers are fast replacing gas 
lasers today because they are cheap, small, and 
energy efficient. Some lasers have an efficiency 

rating of almost 50 percent; fluorescent light 
bulbs are 15 to 20 percent efficient.
Alternative 2: Helium laser

Helium neon (He-Ne) lasers are the most 
common type of gas lasers. Gas lasers produce 
laser light by applying current through a gas, 
therefore putting the gas into an excited state that 
emits monochromatic light. This light is focused 
using a combination of one-way and 
semitransparent mirrors to focus the light into a 
single well defined beam. The traditional design 
for a helium-neon laser includes a gas laser tube, a 
power supply, and a radio frequency amplifier to 
supply the correct voltage, current, and frequency 
to the gas laser tube. With the right conditions 
met, the electrons will collide with the helium 
atoms and cause them to transition to an excited 
state. These excited helium atoms then collide 
with the neon atoms, transferring energy and 
causing the neon atoms to emit light with a 
632.82 nanometer wavelength. He-Ne lasers 
produce a very precise and defined beam. The 
energy of a He-Ne laser is very focused at almost 
purely one frequency, giving it a very desirable 
spectrum. This quality makes it adept for 
conducting spectral analysis and optics 
experimentation that requires precise calculations 
in regard to frequency and wavelength [2].

3. Background
Laser physics:

A laser is a device that controls the way that 
energized atoms release photons. In a laser, an 
electrical discharge is used to “pump” the lasing 
medium to get the atoms into an excited state. For 
the laser to work efficiently a large collection of 
atoms must be present in the excited state, therefore, 
atoms are typically excited to two to three levels 
above the ground state. In doing this, the degree of 
population inversion is increased. As mentioned 
above, once the electrons reach an excited state 
(higher energy level), they desire to return to a 
ground state by releasing energy in a photon. The 
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photon emitted has a very specific wavelength that 
depends on the state of the electron’s energy when 
the photon is released [3].
Stimulated emission: is an organized emission of 
photons, causes laser light to be very different from 
normal light due to the existence of three properties, 
which makes laser light monochromatic, coherent, 
and directional. Stimulated emission occurs when a 
photon encounters another photon that is in the same 
excited state, and stimulates or induces atomic 
emission such that the succeeding photon vibrates 
with the same frequency and direction as the 
incoming photon. Hence, the release of two photons 
with identical wavelengths produces an emitted 
laser light [4].

In addition to the release of photons at specific 
wavelengths, another vital component to making a 
laser work efficiently is a pair of mirrors which make up 
an optical resonator. With one at each end of the lasing 
medium and one of the mirrors “half-silvered”, 
photons with a specific wavelength and phase are allowed 
to reflect off the mirrors to travel back and forth through 
the lasing medium. In the process, they stimulate other 
electrons to make the downward energy jump and can 
cause the emission of more photons of the same 
wavelength and phase.

Figure 1. How a laser works
(howstuffworks.com)

Laser wavelengths:

Since lasers are composed purely of photons, 
which are always in motion and travel at a 
constant speed of light, 810998.2 c . Photons 
have a wave-particle duality, meaning that they 
can have either wave-like properties or particle-
like properties. Like waves, photons can be 
calculated to have frequency, wavelength, 
amplitude, and other properties inherent in wave 
mechanics [5]. Frequency and wavelength are 
related by the speed of light. Frequency (f) is the 
cycles per second of a wave measured in Hertz 
(Hz). Wavelength (λ) is the length of a wave 
measured in meters (m). The speed of light (c) is 
3×108 m/s. These three variables are related in a 
mathematical equation:

fc /  or  /cf   or  cf 

Figure 2. Wave properties 
(howlaserwork.com)

Lasers with wavelengths or frequencies in 
the visible spectrum emit colored laser beams 
[5]. Lasing mediums can be determined based on 
the desired emission wavelength, power, and 
pulse of the laser beam. Some lasers, such as the 
CO2 laser, emit light which are in the infrared and 
microwave region of the visible spectrum, this 
makes them very powerful. Other lasers, such as 
diode lasers, are very weak and are used in today’s 
pocket laser pointers. These lasers typically emit a 
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red beam of light that has a wavelength between 
630 nm and 680 nm.
High school physics:

High school physics serves to provide the 
proper fundamental preparation for student success 
in undergraduate collegiate physics. While 
success in introductory physics opens the door 
for students to opportunities in engineering, 
medicine, and scientific research, failure in these 
courses closes those career options and presses 
students toward non-science fields, negating years 
of preparation and aspiration. Studies have shown 
that not large populations of collegiate students are 
successful in introductory physics. However, this 
may be the result of many constituents, with lack 
of high school preparation being one of them, 
which can be a result from lack of teacher 
preparation, lack of physics classes being 
offered, or inefficient physics laboratory 
instruction.

In terms of broad academic credentials, 
teachers with graduate degrees are well 
represented among physics instructors, with 58% 
holding a master’s degree and 4% with a Ph.D. 
Among teachers with more than five years 
experience, the fraction with a graduate degree 
rises to 67%. Studies have proven that the 
conventional high school physics teacher is not 
as well prepared in his/her content area as is the 
typical chemistry or biology teacher. Only 40 
percent of physics teachers have spent more than 
35 hours in science-related professional 
development in the previous three years. Forty-
nine percent of physics teachers have observed 
other teachers’ classrooms and 43 percent have 
met regularly with a local group of teachers to 
discuss science teaching. Thirty-eight percent 
reported attending a state or national science 
teachers meeting in the previous three years, and 
29 percent have taken a college/university science 
course [6].

Of the high schools (schools including grades 
10, 11, or 12, and no grade lower than 9) in the 

United States, 88 percent offer at least one 1st 
year physics course, meaning about 1 in 10 high 
schools do not. Roughly one-quarter of high 
schools offer a second-year course in physics, 
with 1 in 5 offering Advanced Placement (AP) 
physics. Since the smaller populated schools 
outnumber larger populated schools in the United 
States, there is a large disparity between the 
percentage of high schools offering AP Physics, 
and the percentage of high school students with 
access to the course [7]. This absolutely limits 
students’ ability to succeed in the further 
collegiate science courses.

Laboratory experiences provide opportunities 
for students to interact directly with the material 
world (or with data drawn from the material 
world), using the tools, data collection techniques, 
models, and theories of science. Science education 
would not be about science if it did not include 
opportunities for students to learn about both the 
process and the content of science. Laboratory 
experiences, in the committee’s definition, can 
potentially provide one such opportunity. However, 
recent research has shown a decline in the 
enrichment of laboratory learning. In a research 
study conducted by the Committee of High 
School Laboratories, the conclusion that 
“Researchers and educators do not agree on how to 
define high school science laboratories or on their 
purposes, hampering the accumulation of 
evidence that might guide improvements in 
laboratory education; Gaps in the research and in 
capturing the knowledge of expert science teachers 
make it difficult to reach precise conclusions on the 
best approaches to laboratory teaching and 
learning” was formulated. 

4. Materials and methods
Laser diode driver circuit: Bread board

After researching and reviewing over the 
characteristics of the LM317 Voltage Regulator, 
it became clear that it served as the primary 
component of the laser diode driver circuit. 
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According to the datasheet, which was used as a 
guideline, the LM317 acts a constant current 
driver, instead of a voltage regulator. It requires a 
resistive load connected at its output (OUT), which 
is also connected in parallel with its adjustment 
(ADJ), which outputs a regulated current at 1.2-
20V. The bread board construction of the laser 
diode driver circuit was designed and tested to 
ensure the proper performance of the laser driver 
diode circuit [8]. The bread board consisted of the 
components listed in Table 1.

Table 1.   Laser diode driver circuit 
components (Bread board) 

Component Description Quantity

LM317 Voltage Regulator 1

47 µF Capacitor 1

100 ohm Resistor 2

100 ohm Potentiometer 1

1N4148 Diode 1

Wire -

Laser Diode 1

The components were organized on the bread 
board according to the LT Spice IV. After 
assembling the driver the circuit, the laser should 
illuminate. Changing the intensities of the beam 
varies the resistance of the potentiometer, 
therefore dimming/brightening the illumination of 
the beam, as shown in Figure 3.

                (a)                                        (b)
Fig. 3 (a) Dim illumination of laser beam    
(b) Bright illumination of laser beam

 
Laser diode driver circuit - Printed circuit 
board (PCB) power supply:

The printed circuit board construction of the laser 
diode driver circuit was slightly more complicated 
than that of the bread board construction. The 
printed circuit board was designed, tested, 
fabricated using CadSoft Eagle Layout [9]. The 
PCB included the Laser Driver Circuit as well an 
AC (120-9V wall adapter) and DC (9V battery) 
power supply connection. The finished PCB 
design is shown in Figure 4.
. 

           (a)                                                   (b)
Figure 4. Printed PCB (a) Top (b) Bottom

Table 2. Laser diode driver
circuit components (PCB)

Component Description Quantity

LM317 Voltage Regulator 1

47 µF Capacitor 1

100 ohm Resistor 2

100 ohm Potentiometer 1

1N4148 Diode 1

Wire -

Laser Diode 1

LM7805 Voltage 
Regulator 1

Adapter Jack 1

E-Switch 1

9V Battery Pack 1

100 ohm Trimmer Pot 1

1N4001 Diode 1

10 µF Capacitor 2

0.1 µF Capacitor 1

Laser Diode 1

Once the PCB was fabricated and printed, 
the board was cleaned and populated with the 
components listed in Table 2.
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Instruction manual:
The instruction manual included in the laser 

learning kit will provide information to the students 
that will tie the kit together. The manual will 
cover the basic operation of the laser, how the 
laser works, scientific principles used in the 
laser, and directions for labs to be performed 
with the laser. These labs will be based on the 
principles covered in the manual. The manual 
was developed with the thought in mind that it and 
the laser would be used by a small group of 3 or 4 
students at a time, so one manual will be included 
with every laser kit. A teacher may desire to have 
more students work together or have the entire class 
follow along. Teachers can acquire more manuals 
if they desire [10].

Once the scientific concepts have been covered, 
the students will learn about the design and 
operation of the laser. The main components of 
the laser will be indentified with pictures of the 
parts installed on the printed circuit board so the 
students will see them just as they appear in their 
kit. The function of each part will be described 
as well as general operation of the laser. This 
operation section will communicate how to turn on 
the laser, how to change the intensity of the beam, 
and explain the option of operating on battery 
power or using a standard 60 Hz wall outlet.

5. Results and discussions
Usability test:

The test consisted of explaining basic 
principles of light and then giving them the laser 
and lab to try and complete. The lab and manual 
were designed to be a complimentary learning 
tool on the principles of light [11]. Quality 
assurance insures that our product is suitable for its 
intended purpose. This included the task of 
assuring the laser would function properly, 
assuring that physics principles were correctly 
taught, and finally to actually build a nice, 
functioning laser [12]. To insure that the laser 
worked properly, all of the components were 

purchased from reliable vendors and tested in labs 
to see if they met their specifications before any 
building was done. To handle the task of 
properly teaching fundamental physics principles 
of light and lasers to high school students many 
sources were referenced. To make it easier for 
high school students to comprehend, for example, 
some of the concepts involving electricity were 
illustrated using metaphors that likened the 
concepts to inherently known principles, such as 
gravity. Finally, to build an aesthetically pleasing, 
and working laser that met the client’s 
specifications, proper care was taken to modify 
the housing and attaching the laser circuit. One of 
the methods used to limit damage done to the 
housing, was to apply duct tape to the surface 
that were drilling to minimize cracking. After 
presenting the lasers to the high school students 
and receiving their feedback, the quality and 
functionality of the laser was realized. 
Performance test:

The first performance test did indicate that 
beams from the lasers were produced and were 
clearly visible in a classroom setting (Fig. 5 and 
Fig. 6).

            (a)                                               (b)
Figure 5.  Dot laser beam (a) Front view               

(b) Wall view

In the second performance test, the CBL 
device measured the distance vs. light intensity of 
the laser beams. The inverse linear relationship of 
distance and light intensity is shown in Figure 7. 
As the distance increase, the light intensity 
decreases, and the laser outputs more power.
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      (a)                           (b)                           (c)
Figure 6. Cross line beam (a) Front view (b) 

Wall view (short distance) (c) Wall view     
(long distance)

Figure 7. Distance vs. intensity

After measuring light intensity, the optical 
power was measured using an optical power 
meter. The average optical power from the Cross 
Line laser was determined as 2.25mW and the 
optical power from the Dot laser was determined 
as 2.85mW, both proving to operating within the 
required specifications of 2-5mW.

6. Budget
The original plan to spend for one laser kit was 

$123.69. However, when buying the actual 
supplies some very good deals were found which 
keep the cost down. A clear acrylic casing was 
decided to go with instead of the proposed metal 
casing. Estimated the metal casing to cost $34.99 
where the acrylic casing only cost us $2.33. This 
knocked a nice chunk off of the projected price 
which will in turn to make a less expensive 
product which was one of primary goals. 
Keeping cost down will allow for teachers to buy 
more of laser kits which will increase the number 
of kits per student in the classroom. This ratio of 
kits per student is important because most people 
get a greater understanding of the lesson when 

they have hands on learning. Another way to keep 
cost down is by buying parts in bulk. A budget 
analysis of how much one laser would cost when 
assembling only one as opposed to how much one 
laser would cost when buying parts to assemble 
100 of them. When buying parts for one laser kit, 
the total comes to $58.53. When buying in bulk, 
the total for one laser kit comes to a total of 
$19.77 which is a savings of $38.76. A 
breakdown of this analysis can be seen in Table 
3.

Table 3. Budget

Some shipping costs were saved by ordering 
parts from the same supplier. The parts are 
highlighted in the Table 3. The ones in red were 
ordered from Mouser.com and the ones in blue 
were ordered from AllElectronics.com. This 
saved a considerable amount on the overhead 
especially when ordering parts for 100 lasers. 
However, this is not the final cost for one laser 
kit. The manual still has to be added to the kit 
which costs $19.74. This brings the final total for 
one laser kit to $78.27. If one buys in bulk then 
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the manual will cost $14.04 and this would bring 
the final total cost to $33.81.

7. Summary and conclusions
Electronic Learning Technologies were given 

the task of designing a working laser kit which 
could be used to successfully teach high school 
students. A product has been built that not only 
accomplishes this task but also takes it a step 
further. This laser is simple enough to keep all 
students interested yet complicated enough for 
honors students or any others who are seeking a 
challenge. This design also was kept within a 
reasonable price range. By keeping the total cost 
down to $33.81, most schools will be able to 
afford multiple laser kit units which will only 
provide a greater opportunity for students to learn 
in the classroom. This laser has gone through a 
number of tests which has shown that this kit is 
not only safe and reliable, but also a great 
learning tool. Electronic Learning Technologies 
is committed to improving the quality of science 
education in youth by equipping them with the 
skills of tomorrow. This laser diode kit does just 
that by allowing them to get hands on experience 
in a field that has been neglected for the most part 
in the past.

8. Recommendations

After completing the construction of the laser 
kit, there were suggestions for the future of this 
kit. Also there were some new ideas formed 
during the construction of the kit. It was made 
clear there are many different teaching styles and 
personalities and some teachers prefer to be 
more involved than others. One option for the 
future of this laser kit would be different versions 
of the laser kit that provide different levels of 
involvement of construction. At one end of the 
spectrum is the fully assembled laser in its case 
that requires no construction. At the other end of 
the spectrum would be a kit that contains all the 
components unassembled with a printed circuit 

board that would require the teacher or student to 
solder the components to the board. These more 
hands on assemblies could be very appealing to 
an honor student class and would be a beneficial 
option. Another recommendation one would like to 
make would be to use a different battery holder. 
The holders that were used in the assemblies 
made it very difficult to place and remove the 
battery. As seen in Figure 8, the battery can barely 
fit into the holder and requires a substantial force 
to snap into place. This force can cause some of 
the components to come loose which in turn 
would cause the laser to work improperly or even 
stop working completely.

Figure 8. Battery holder
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Abstract
Absorptive capacity, the ability to acquire, 

assimilate, transform and exploit knowledge to 
enhance organizational capability [1], has been 
consistently applied to an organizational level of 
analysis within the management literature.  This 
paper argues that this important concept should 
not be limited to the firm, but should extend to 
individuals and that doing so augments not only 
the absorptive capacity literature, but can 
enhance other literatures, such as organizational 
learning, organizational knowledge and 
opportunity recognition.

1. Introduction 
Absorptive capacity, a term coined by Wes 

Cohen and Daniel Levinthal in their seminal 
papers [2], [3] was defined as, “an ability to 
recognize the value of new  information, 
assimilate it and apply it to commercial ends” 
([3]:  128).  In 2002, Zahra and George refined 
the definition to:  “[A] set of organizational 
routines and processes by which firms, acquire, 
assimilate, transform and exploit knowledge to 
produce a dynamic organizational capability” 
([1]:  186)1.

1 Lane, Koka and Pathak [4] offer a third definition of 
absorptive capacity:  

Absorptive Capacity is a firm’s ability to utilize 
externally held knowledge through three sequential 
processes:  1)  Recognizing and understanding potentially 
valuable new knowledge outside the firm through 
exploratory learning, 2) assimilating valuable new 
knowledge through transformative learning and 3)  using 
the assimilated knowledge to create new knowledge and 
commercial outputs through explorative learning ([4]:  
856).

This concept has been widely adopted in the 
literature and has been used with respect to 
technological innovations [5], joint ventures [6], 
alliance performance [7], entrepreneurship [8], 
recruitment [9], international expansion [10] and 
macroeconomics [11], among others, 
demonstrating its importance to management 
research.  However, what is notable is that the 
literature predominantly treats absorptive 
capacity as a firm-level construct.

During his keynote address at the 2011 
Industry, Engineering and Management Systems 
(IEMS) conference, Dr. Bruce Ramshaw noted 
that the vast majority of an organization’s 
information and knowledge resides at the lower 
levels of management versus just four percent of 
this knowledge residing with the top 
management team [42].  This paper will argue 
that the firm-level of analysis places 
unnecessary limitations on the absorptive 
capacity construct and thus limits its usefulness 
in the literature.  With the proliferation of 
technology such as the internet, electronic mail, 
social networking and telecommunications, 
complexity is increasing at an exponential rate. 
The amount of information available approaches 
almost incomprehensible levels, measured in 
terabytes, petabytes and even exabytes of data.  
Organizations themselves are not directly 
exposed to, and using, this information.  Instead, 
it is the people within the organization who are 
tasked with this responsibility.  

We articulate why absorptive capacity can, 
and should, be conceived at the individual level 
of analysis.  Each of us can be thought to 
possess different levels of absorptive capacity.  
An individual’s ability to gather, interpret and 
ultimately use the information which surrounds 
us can have a significant effect on industry 
included, but not limited to, opportunity 
recognition, [12] and decision-making ([13] 
[14], [15]) and a broad array of fields such as 
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engineering, health services and the physical 
sciences.

In the next section we offer a brief review of 
absorptive capacity.  We then discuss how 
absorptive capacity compliments two related, yet 
distinct, literature streams, organizational 
learning and organizational knowledge, before 
exploring the need and potential of examining  
absorptive capacity at a more fine-grained level 
of analysis.  We conclude with the potential 
impact this re-focus may have on both the 
academic literature as well as its implications for 
managers. 

2. Absorptive Capacity Since 1989 
Since their publication in 1989 and 1990, 

Cohen and Levinthal’s papers have been cited 
thousands of times across a broad spectrum of 
literature2.  The majority of these citations have 
been found in top tier publications such as 
Strategic Management Journal, Academy of 
Management Journal and Academy of 
Management Review, Management Science and 
Organization Science.  Initially conceived to 
reflect a firm’s innovation and research and 
development efforts, the scope of the concept 
began to expand quickly.  This is not surprising 
because absorptive capacity’s definitions are 
well-articulated and easy to understand.  

Lane, Koka and Pathak [4] provide evidence 
that absorptive capacity has been discussed with 
respect to organizational scope, structure and 
learning, innovation, types of knowledge and 
inter-organizational learning (see [4] Figure 3 p. 
844).  Absorptive capacity’s proliferation is also 
understandable because the concept 
demonstrates considerable face validity.  That is 
to say, it is intuitive that an ability to acquire and 
make sense of information and knowledge, as 
well as the ability to use and ultimately 
commercialize that knowledge, has value.  For 
example, entrepreneurs can appreciate that the 
best ideas have no value unless they can be 
transformed into prototypes and ultimately 
marketed to the public.  Researchers can also 
appreciate this concept as research ideas must 

2 The 1989 and 1990 articles have been cited more than 
4,000 and 11,000 times respectively according to Google 
Scholar referenced September 2, 2010.   

not only be conceived, but also written and 
ultimately published for others to study and 
synthesize.  

What is notable from reviewing the literature 
is the lack of research exploring absorptive 
capacity from multiple levels of analysis.  To 
date, the literature has predominantly focused on 
absorptive capacity as a firm-level construct.  
This is likely the result of the re-
conceptualization of both Zahra and George [1] 
who talk about organizational routines, and Lane 
et al. [4] who define absorptive capacity as a 
‘firm’s ability.’  Both of these revisions to 
Cohen and Levinthal’s original definition of 
absorptive capacity have encouraged researchers 
to embrace the concept, but may have overly 
focused Cohen and Levinthal’s original 
definition, which makes no overt statement 
about absorptive capacity existing solely at the 
level of the firm.

Before talking about the more refined levels 
of analysis, it is important to distinguish 
absorptive capacity from two highly related 
literature streams:  Organizational learning and 
organizational knowledge.

3. Absorptive Capacity and Organizational 
Learning / Organizational Knowledge  

One of the challenges with absorptive 
capacity is understanding and maintaining the 
differences between it and the organizational 
learning literature.  Organizational learning 
([16], [17], [18], [19]) is routine-based, history 
dependent, target oriented and deals with the 
tradeoffs between exploration and exploitation.  
Exploratory learning within an organization is 
concerned with finding new products, 
innovations and ways to satisfy customers and 
other stakeholders.  It is inherently risky because 
there are no guarantees that efforts at 
exploratory learning will yield results.  
Exploitation learning, on the other hand, is the 
learning that turns the fruits of exploratory 
learning into tangible outcomes.  This is the 
refinement, production and implementation 
aspects of learning.  While these types of 
learning may sound similar to Zahra and 
George’s acquiring and assimilating information 
and knowledge (exploratory learning) and the 



Proceedings of the 2011 IEMS Conference

117

transformation and exploitation of that 
information and knowledge (exploitation 
learning), the difference lies in the speed and 
efficiency in which exploration and exploitation 
takes place.

As March nicely articulates, exploratory 
learning and exploitation learning compete with 
scare resources within the company.  Too much 
focus on one will leave an organization ill-
prepared to deal with the other.  Absorptive 
capacity can be thought to moderate the speed 
and efficiency at which firms, and more 
precisely the individuals within the firm, learn.  
In other words, firms with high level of 
absorptive capacity can be expected to be able to 
conduct more exploratory and exploitation 
learning and to do it more quickly and 
efficiently.

A second related yet distinct literature is 
organizational knowledge ([20], [21]) which 
deals with explicit and implicit (tacit) 
knowledge.   Explicit knowledge can be 
codified, such as a dictionary houses the 
definitions of words, or instruction manuals 
detail how processes are carried out in a 
sequentially logical manner.  Implicit 
knowledge, on the other hand, is difficult to 
codify and often rests in the subconscious of an 
individual or organization.  Apple Corporation’s 
ability to consistently offer products with broad 
appeal and which satisfy untapped demand (e.g. 
iPod, iPhone and iPad) would be difficult for 
CEO Steve Jobs to codify – unrealistically 
assuming he would wish to do so.  Crafting a 
manual on how one rides a bicycle is another 
commonly cited example of knowledge which is 
difficult to transfer.  

Distinct from, yet still strongly related to, 
organizational learning, organizational 
knowledge can be both an antecedent to 
organizational learning and an outcome of such 
learning.  Knowledge can assist organizations 
with the question of “where to look” to find 
information.  It can also result from such 
learning through the discovery of new sources of 
information.  A similar argument also applies to 
exploitive knowledge.

Consequently, organizational knowledge is 
also strongly related to absorptive capacity.  
With absorptive capacity, the knowledge itself is 
not the focus, but is, instead, what an 

organization, or individual within the 
organization, is able to do with that knowledge 
which is essential.  Individuals can have high 
levels of knowledge (knowing all of the statistics 
relating to a favorite sports team, for example) 
and yet have low absorptive capacity (no ability 
to turn that information into something of 
value).  So while knowledge, like learning, is 
important and linked to absorptive capacity, it is 
also distinct from both of these ideas in the 
literature. 

4. Absorptive Capacity as an Individual-
Level Construct 

Having addressed what absorptive capacity is 
and how it has been discussed and applied in the 
literature, as well as its relationship to two very 
related constructs, this section argues that it is 
important for researchers to reconsider 
absorptive capacity as not only separate and 
distinct from learning and knowledge, but from 
the perspective of individuals rather than at an 
aggregate firm level.

As firms are composed of individuals 
working together to obtain a common set of 
goals or objectives, the “ability to recognize the 
value of new information, assimilate it and apply 
it to commercial ends” as Cohen and Levinthal 
state, initially rests with the individuals within 
the organization.   The firms themselves have no 
innate abilities to conduct the kind of cognitive 
processes needed to not only gather and 
recognize valuable information or knowledge, 
but to ultimately turn that information into 
something of value to the organization and its 
stakeholders.  This is left to the members of the 
organization itself.  The ability to deal with the 
complexities associated with the amount of 
information increasingly available lies with the 
individual.  By starting at this more refined level 
of analysis, it would be possible to aggregate 
absorptive capacity to the firm-level, instead of 
starting with a firm’s absorptive capacity and 
trying to determine how it disseminates 
throughout the organization.  This shift has the 
potential to offer a substantial contribution to a 
variety of literatures.

For example, although absorptive capacity is 
often discussed with respect to the decision-
making of the organization (e.g. [1], [22], [23]), 
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very little research examines the role absorptive 
capacity may play with respect to the quality of 
decisions; particularly with respect to upper 
echelon theory [13].  Since Hambrick and 
Mason’s seminal paper suggesting that 
organizations are a representation of its high-
level executives whose strategic choices and 
levels of performance may be partially explained 
by their characteristics, echelon theory has 
received considerable attention in the literature.  
However, with the notable exception of Goll, 
Johnson and Rasheed [24], little work has been 
done to determine what impact the absorptive 
capacity of members of a corporation’s top 
management team (TMT), or even the 
absorptive capacity of the TMT as a whole, may 
have on both the decisions of the TMT as well 
as the effectiveness of these decisions.  We 
would argue that the higher the absorptive 
capacity of individual TMT members, or of the 
group itself, the better the decision-making. 

In addition, absorptive capacity lends itself 
well to entrepreneurship literature, in general, 
and the discussions regarding opportunity 
recognition ([12], [25]), in particular.  In his 
2006 paper, Baron suggests that entrepreneurs 
use cognitive frameworks to “connect the dots” 
([26] p. 104) between events that often are seen 
as unrelated to discern patterns and ultimately 
opportunities for new business ventures (also see 
[27]).  An active search for opportunities, 
alertness to these opportunities and prior 
knowledge of an industry have been identified as 
three critical factors with respect to an 
entrepreneur’s ability to recognize opportunities 
([28], [29], [30]).  All may be affected and 
enhanced by a person’s absorptive capacity.  

Knowledge, as it relates to absorptive 
capacity, has already been discussed.  An active 
search for opportunities may be found in one’s 
ability to acquire information.  In fact, the 
correlation between these two concepts can be 
hypothesized to be quite high.  We would 
suggest that assimilation and transformation of 
information would also highly correlate to 
Baron’s discussion of alertness.  Certainly, the 
creation of a new venture itself can be seen as 
the exploitation aspect of Zahra and George’s 
definition.

To be sure, we do not suggest that absorptive 
capacity is equivalent to search and alertness 

discussed in the entrepreneurship opportunity 
recognition literature, only that it can help to 
further augment and perhaps refine the 
discussion.  Although some researchers have 
suggested a link between entrepreneurship and 
absorptive capacity (e.g. [8]) and others have 
alluded to a relationship, citing Cohen and 
Levinthal but not specifically discussing 
absorptive capacity (e.g. [31], [32]), this 
connection has yet to receive much attention in 
the literature.  As with the previous discussion 
regarding upper echelon theory, we would 
expect that entrepreneurs with higher levels of 
absorptive capacity to be superior in recognizing 
opportunities relative to entrepreneurs with 
lower absorptive capacity.  Furthermore, given 
that absorptive capacity includes the exploitation 
of knowledge, we would also argue that these 
entrepreneurs would likely be more successful 
than entrepreneurs with lower levels of 
absorptive capacity.

A reasonable explanation for this lack of a 
connection between these two literature streams 
is the fact that absorptive capacity has long been 
considered a firm-level construct with relatively 
few researchers suggesting that individuals (and 
perhaps groups) also possess absorptive capacity 
[33].  However, we believe that absorptive 
capacity is an important component of these 
(and likely other) literatures which has, to date, 
been largely overlooked.  
 

5. Conclusion
Since Cohen and Levinthal’s seminal papers 

were published in 1989 and 1990, absorptive 
capacity has been widely cited across a wide-
range of management literature.  However, the 
construct has predominantly remained at the 
firm level of analysis.  

While we posit that modifications to the 
original definition of absorptive capacity are 
partly to blame, another explanation may lie in 
the difficulty researchers, including Cohen and 
Levinthal themselves, have in measuring 
absorptive capacity [34].  Initially measured as a 
firm’s R&D intensity [3], absorptive capacity 
has also been proxied through a firm’s patent 
counts [35] and citations (see [36], [37], [38]) 
and has been (incorrectly) equated to a firm’s 



Proceedings of the 2011 IEMS Conference

119

prior relevant knowledge and experience ([39], 
[40], [41].  However, as Lane, Koka and Pathak 
point out [4], the inconsistency and variety of 
these measures has threatened to reify this 
important construct.

Organizations are composed of individuals 
each with his or her own ability to acquire, 
assimilate, transform and exploit knowledge.  
This article suggests that researchers re-acquaint 
themselves with this important construct, and 
consider that it may not solely apply to the 
organization as a whole, but is likely to reside 
with the individuals who make up an 
organization.  In making this connection, it may 
be possible to revise and refine the way in which 
absorptive capacity is not only used in the 
literature, but also how it may be measured.  
Specifically, by revising the unit of analysis, 
researchers may be better able to identify the 
antecedents to absorptive capacity, resulting in 
more reliable and valid measurement.  

In addition to having the potential to further 
augment the management research being done in 
fruitful areas such as alliance and joint venture 
performance, technological innovations and 
economics, re-considering absorptive capacity at 
the individual level of analysis has the potential 
to offer an additional tool to be considered with 
respect to decision-making, diversification, 
entrepreneurship and other areas.  Furthermore, 
absorptive capacity may also be able to offer 
assistance to researchers in the areas of 
engineering, psychology, and both the physical 
and biological sciences, to name a few.  

Again to draw from the 2011 IEMS keynote 
speaker, Dr. Ramshaw, individuals within 
organizations face increasingly complex 
problems as they continue to move away from 
the need to perform mechanical skills towards  
more cognitive processes [42].  We suggest that 
absorptive capacity, measured at the individual 
level of analysis, can help determine not only 
who may be better equipped to solve these more 
complex problems, but can also begin to 
determine what types of training and education 
organizations may adopt to help their employees 
enhance and grow their absorptive capacity to be 
better prepared and able to overcome these 
complexities, and ultimately thrive from them as 
a result.

It is important to note that this paper is not 
meant to discredit or invalidate the work that has 
been done on absorptive capacity to date.  Our 
intent is only to enhance, expand and augment 
the discussion to include and focus in on an 
organization’s most important asset – its people 
and the human capital these people possess.  To 
be sure, challenges remain for those who choose 
to continue with, or begin, exploring absorptive 
capacity.  However, this is not the first construct 
to create difficulties for researchers.  Perhaps 
researchers themselves with high levels of 
absorptive capacity will be able to overcome 
these challenges to continue to refine and 
improve this very important, and widely used, 
construct. 

6. References 
[1] Zahra, S. A. & George, G.  (2002).   “Absorptive 
capacity:  A review, Re-conceptualization and 
Extension.”  Academy of Management Review, 
27, 185-203. 

[2] Cohen, W. M. & Levinthal, D. A.  (1989).   
“Innovation and Learning: The Two Faces of R&D.”  
Economic Journal, 99, 569-596.

[3] Cohen, W. M. & Levinthal, D. A.  (1990).   
“Absorptive Capacity: A New Perspective on 
Learning and Innovation.”  Administrative Science 
Quarterly, 35, 128-152.

[4] Lane, P. J., Koka, B. R. & Pathak, S.  (2006).   
“The Reification of Absorptive Capacity: A Critical 
Review and Rejuvenation of the Construct.”  
Academy of Management Review, 31:  833-853.

[5] Pennings, J. M. & Harianto, F.  (1992).   “The 
Diffusion of Technological Innovation in the 
Commercial Banking Industry.”  Strategic 
Management Journal, 13, 29-46.
 

[6] Makhija, M. V. & Ganesh, U.  (1997).   “The 
Relationship Between Control and Partner Learning 
in Learning-Related Joint Ventures.”  Organization 
Science, 8, 508-527. 



Proceedings of the 2011 IEMS Conference

120

[7] Khanna, T.  (1998).   “The Scope of Alliances.”  
Organization Science, 9:  340-355.

[8] Alvarez, S. A. & Busenitz, L. W.  (2001).   “The 
Entrepreneurship of Resource Based Theory.”  
Journal of Management, 27, 755-775.

[9] Rao, H. & Drazin, R.  (2002).   “Overcoming 
Resource Constraints on Product Innovation by 
Recruiting Talent from Rivals:  A Study of the 
Mutual Fund Industry.”  Academy of Management 
Journal, 45, 491-507.

[10] Delios, A. & Henisz, W. J.  (2003).   “Political 
Hazards, Experience and the Sequential Entry
Strategies:  The International Expansion of Japanese 
Firms:  1980-1998.”  Strategic Management Journal, 
24, 1156-1164.
 
[11] Mowery, D. C. & Oxley, J. E.  (1995).   “Inward 
Technology Transfer and Competitiveness:  The Role 
of National Innovation Systems.”  Cambridge 
Journal of Economics, 19, 67-93.

[12] Shane, S. (2000).  “Prior Knowledge and the 
Discovery of Entrepreneurial Opportunities.”  
Organization Science, 11:4, 448-469.

[13] Hambrick, D. C. and Mason, P. A. (1984).  
“Upper Echelons:  The Organization as a Reflection 
of its Top Managers.”  Academy of Management 
Review, 9:2, 193-206.

[14] Schwenk, C. R. (1984).  “Cognitive 
Simplification Process in Strategic Decision 
Making.”  Strategic Management Journal, 5, 111-
128.

[15] Dean, J. W. and Sharfman, M. P. (1996).  “Does 
Decision Process Matter?  A Study of Strategic 
Decision-Making Effectiveness.”  Academy of 
Management Journal, 39:2, 368-397.

[16] Cyert, R. T. and March, J. G. (1963).  A 
Behavioral Theory of the Firm.  Englewood Cliffs, 
NJ:  Prentice Hall.

[17] Levinthal, D. A. and March, J. G. (1981). “A 
Model of Adaptive Organizational Search.”  Journal 
of Economic Behavior and Organization, 2, 307-333

[18] Levitt, B. and March, J. G. (1988). 
“Organizational Learning.”  Annual Review of 
Sociology, 4, 319-340.

[19] March, J. G. (1991).  “Exploration and 
Exploitation in Organizational Learning.”  
Organization Science, 2:1, 71-87.

[20] Nonaka, I. (1994).  “A Dynamic Theory of 
Organizational Knowledge Creation.”  Organization 
Science, 5:1, 14-37.

[21] Spender, J. C. (1996).  “Organizational 
Knowledge, Learning and Memory:  Three Concepts 
in Search of a Theory.”  Journal of Organizational 
Change, 9:1, 63-78.

[22] Lane, P. J. & Lubatkin, M.  (1998).   “Relating 
absorptive capacity and inter-organizational
Learning.”  Strategic Management Journal, 19:  461-
477.
 
[23] De Dreu, C. K. W. and West, M. A. (2001).  
“Minority Dissent and Team Innovation:  The 
Importance of Participation in Decision Making.”  
Journal of Applied Psychology, 86:6, 1191-1201.

[24] Goll, I., Johnson, N. B. and Rasheed, A. A. 
(2007).  “Knowledge Capability, Strategic Change 
and Firm Performance.”  Management Decision, 
45:2, 161-179.

[25] Shane, S. and Venkataraman, S. (2000).  “The 
Promise of Entrepreneurship as a Field of Research.”  
Academy of Management Review, 25:1, 217-226.

[26] Baron, R. A. (2006). “Opportunity Recognition 
as Pattern Recognition:  How Entrepreneurs 
“Connect the Dots” to Identify New Business 
Opportunities.”  Academy of Management 
Perspectives, 20:1, 104-119.
[27] Baron, R. A. and Ensley, M. D. (2006). 
“Opportunity Recognition as the Detection of 
Meaningful Patterns:  Evidence from Comparisons of 



Proceedings of the 2011 IEMS Conference

121

Novice and Experienced Entrepreneurs.”  
Management Science, 52:9, 1331-1344.

[28] Shane, S. (2003).  The Individual-Opportunity 
Nexus Approach to Entrepreneurship.  Aldershot, 
United Kingdom:  Edward Elgar.

[29] Gilad, B., Kaish, S., and Ronen, J. (1989). “The 
Entrepreneurial Way with Information.” In S. Maital 
( Ed.), Applied Behavioural Economics (Vol. II, 
480–503). Brighton, UK: Wheatshaef Books.

[30] Hills, G.E., and Shrader, R.C. (1998). 
“Successful Entrepreneurs’ Insights into Opportunity 
Recognition.”  In P.D. Reynolds et al. (Eds.), 
Frontiers of Entrepreneurship Research (30–43). 
Wellsley, MA: Babson College.

[31] Azoulay, P. and Shane, S. (2001).  
“Entrepreneurs, Contracts, and the Failure of Young 
Firms.”  Management Science, 47:3, 337-358.

[32] Shane, S. (2002).  “Prior Knowledge and the 
Discovery of Entrepreneurial Opportunities.”  
Organization Science, 11:4, 448-469.

[33] Yli-Renko, H, Auito, E. and Tontti, V. (2002).  
“Social Capital, Knowledge and the International 
Growth of Technology-Based Firms.”  International 
Business Review, 11, 279-304.

[34] Kotrozo, J. and Corbett, A. C. (2009).  
“Absorptive Capacity:  A Critical Review of the 
Empirical Research Since Cohen and Levinthal.”  
Presented at the Academy of Management Annual 
Meeting, Chicago, IL.

[35] Rosenkopf, L. & Almeida, P.  (2003).   
“Overcoming Local Search Through Alliances and 
Mobility.”  Management Science, 49:  751-766.

[36] DeCarolis, D. M. & Deeds, D. L. (1999).  “The 
Impact of Stocks and Flows of Organizational 
Knowledge on Firm Performance: An Empirical 
Investigation of the Biotechnology Industry.”  
Strategic Management Journal, 20: 953-968.
[37] Song, J., Almeida, P. & Wu, G.  (2003).   
“Learning-by-Hiring:  When is Mobility Likely to 

Facilitate Inter-Firm Knowledge Transfer?”  
Management Science, 49:  351-365.

[38] Phene, A., Fladmoe-Lindquist, K. & Marsh, L. 
(2006).  “Breakthrough Innovations in the U.S. 
Biotechnology Industry:  The Effects of 
Technological Space and Geographic Origin.”  
Strategic Management Journal, 27:  369-388.

[39] Newman, K. L.  2000.  “Organizational 
Transformation During Institutional Upheaval.”  
Academy of Management Review, 25:  602-619. 

[40] Gulati, R.  (1999).   “Network Location and 
Learning: The Influence of Network Resources and 
Firm Capabilities on Alliance Formation.”  Strategic 
Management Journal, 20:  397-420.

[41] Tsai, K., Chou, C. & Kuo, J.  (2008).  “The 
Curvilinear Relationships Between Responsive and 
Proactive Market Orientations and New Product 
Performance:  A Contingent Link.”  Industrial 
Marketing Management, 37:8, 884-894.

[42] Ramshaw, B. (2011, March).  Development of a 
New Model for Academic Medicine: A Patient-
Centered, Systems Design.  Keynote address at the 
Industry, Engineering and Management Systems 
annual conference, Cocoa Beach, FL.

 



Proceedings of the 2011 IEMS Conference

An Expert System for Advising SMEs Regarding Their Concerns for Data Security 
with Cloud Computing

Robert  L.  Mullen
Southern Connecticut State University

mullenr1@southernct.edu

Abstract

This paper describes the conceptual 
development of an expert system to capture the 
knowledge of experts regarding the concerns for 
data security for enterprises considering the use of a 
new technology known as “cloud computing”. This 
technology has great potential for meeting all 
computer processing needs of small and medium 
sized firms, (SMEs), with this utilitarian approach to 
providing a full service of computing power on the 
Internet but it is primarily held back by this major 
concern for data and information security of their 
business operational needs. 

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. The first 
decades of the 21st century has witnessed the 
emergence of intelligent expert systems which 
provide access to multiple experts within a narrow 
field of interest.

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 21st 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. 
Expert Systems continue to become more complex 
but require constant upkeep.

This paper addresses the area of advising 
non-experts who want and need to learn about newly 
emerging technology quickly from the developers of 
the new technology who at this time are considered 
the experts. This is an innovative way of using 
Expert System technology to pass-on knowledge of 
experts to new less-expert users. It is based on the 
concept of providing a list of FAQ (frequently asked 
questions) to customers to see if their question has 
been asked and answered before, allowing the expert 
customer service personnel to deal with the newer 
and more complex problems that have not occurred 
before. The availability of such use of expert 
systems could speed up the process of introducing 
new technology to the general public by reducing 
fear and concern for change. 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 system technology to build 
knowledge-based systems to serve a wider audience 
than in the past.

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 
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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 1 outlines the 
components of an expert system.

FIGURE 1
COMPONENTS OF AN EXPERT SYSTEM
Dialog Screen – Determine Nature of Problem
Knowledge Base – A collection of “If ...Then” 

statements From Experts
Inference Engine – Software to search knowledge 

base
Presentation – Determine how to display advice to 

system user

In support of this course, which was my most 
challenging to teach, I developed a model of an 

expert system to demonstrate to the students how 
such a system is developed using a language, 

CLIPS. The model involved picking two individuals 
a year who were experts in their field and who were 

living at the time so theoretically I could have 
interviewed personal to 

capture their expertise. However, these 
chosen individuals were well known enough in their 
field to have had books and later Internet articles 
published about them. This was the source of 
information for these systems. I began presenting 
my work at various conferences for peer comments 
to improve the process. A list of organizations where 
these papers have been presented and published is 
shown as figure 2.

FIGURE 2
CONFERENCES WHERE EXPERT SYSTEM 

PAPER WERE PRESENTED
Association of Management; Decision Science 

Institute
Industry, Engineering, and Management Systems
Information Resource Management Association

I realized in 2005 that I had developed a 
collection of experts handled individually that had 
been focused on two areas of expertise – 

management and the computer industry. In 2006 I 
focused on combining experts into an intelligence 
based system. I demonstrated in a 2006 paper how 
through the use of an intelligent front-end I could 
build a larger system as an example of adding 
intelligence to expert system technology. That paper 
was presented in 2006 at IEMS paper titled “An 
Intelligent Expert System for Those Entering the 
Computer Industry”.  In 2008, I changed focus from 
group expert systems to using such systems to 
introduce emerging technologies. In 2009 at IEMS 
paper titled “An Expert System from Designers of 
Multi-Core Processing, Cloud Computing, “SOA”, 
and “C4G” Technologies for Beginning Users of 
These New Technologies” was presented.

Having witnessed the growth of cloud 
computing support in 2009-2011, I focused on the 
design of an expert system for SMEs who may still 
be concerned with the security of their data in the 
“cloud”. Figure 3 lists some recent articles regarding 
the state of cloud computing, indicating that security 
is the major issue holding up acceptance of this new 
technology.

FIGURE 3
COLLECTION OF RECENT ARTICLES ON 

CLOUD COMPUTING
 Computerworld (SaaScon) April 2010 seeks 

Cloud Computing Success Stories (1/5/10)
 Edwards,John(2009): “Cutting through the 

Fog of Cloud Security”; ComputerWorld; 
Feb 23; pg 26.  

 Fountana,John(2009): “IBM/Lotus cranks 
up cloud efforts”; NetworkWorld; Jan 26; pg 
4.    

 MacVittie,Lori(2008):“A Primer on cloud 
computing”; NetworkWorld;Dec22;pg 21.  

 Weinberg, Neal (2008): “Nine hot 
technologies for 2009 (#8 cloud 
computing)”; NetworkWorld; Dec 29; pg 
13.

Specific Development of This Paper

Cloud processing is less than four years old 
but has only been accepted by the larger firms able 
to risk this new concept. Service firms have 
provided a very large storage area (in the cloud) into 
which you store you business data in exchange for 
“cloud” service and shared amongst all its 
subscribers. The concept is an attempt to implement 
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computing processing and data storage space 
available as utilities to users much as we pay for 
electrical service depending upon individual usage 
but shared amongst many users who would be cost 
prohibited from generating their own electricity and 
doing the wiring to deliver it where needed.

In developing an expert system, a 
knowledge engineer asks questions of experts to 
build a knowledge base. Figure 4 contains some 
example questions for the concerns by SME firms 
not yet accepting cloud computing as a concept.

FIGURE 4
LIST OF QUESTIONS TO ANSWER FOR 

CLOUD COMPUTING ACCEPTANCE
1. If you need an example to understand what 

“cloud processing” is then consider what 
Cowen and Company did as a banking and 
investment firm….

2. If you are concerned for the security of your 
firm’s strategically important data located 
somewhere in the “cloud” then be aware of 
firewalls used to protect data.

3. If still concerned for data security in the 
“cloud”, then understand that client data is 
protected by frequent backups of the storage 
space for easy recovery if lost.

4.  If security is still an issue to your firm, then 
you should delay entry into cloud computing 
until that concern is addressed.

5.  If you want to know how to learn more 
about security in the “cloud”, then you 
should read a new book; “The BASICS of 
Cloud Computing”.

6.  If you need more confidence regarding 
security,  then you should contact one of the 
major software firms supporting and 
providing software to this new technology as 
they must believe that security is sufficient 
to be investing in that support.

Whether or not full scale usage of cloud 
computing will emerge remains limited by the 
concern for security of the data within the cloud. 
Articles in the trade press and conference continue to 
focus on this one issue. This paper is the third which 
has looked at the topic of cloud computing with an 
interest on developing a junior level MIS elective 
from this research work. However, as the author 

approaches retirement after twenty years of 
university teaching at undergraduate and graduate 
levels, new course development is no longer on the 
list of things to do. Current focus is on converting 
existing on-ground courses to potential on-line 
courses which could be taught by the author after 
retirement without limiting ability to travel and go 
south for the winter.

This paper describes the conceptual 
development of an system applied to capture the 
knowledge of experts who have experience with 
“cloud computing”. Conclusions reached by the 
writer are shown as figure 5 for ease of presentation 
at the 2011 IEMS Conference.

FIGURE 5
CONCLUSION

 IT IS POSSIBLE TODAY TO 
CREATE AN EXPERT SYSTEM 
FOCUSED ON NEW 
TECHNOLOGIES TO ASSIST IN THE 
LEARNING PROCESS TO ACCEPT 
THEM.

 THIS PAPER PROVES AN EXAMPLE 
OF SUCH USE IN THE NEW FIELD 
OF CLOUD COMPUTING FOR 
THOSE STILL CONCERNED WITH 
SECURITY.

 WITH CONTINUED USE OVER 
TIME, THIS CONCEPTUAL MODEL 
MAY BE EXTENDED TO INCLUDE 
NEW QUESTIONS AS THEY ARISE 
OR TO REMOVE QUESTIONS AS 
INTERESTS AND NEWER 
TECHNOLOGIES EMERGE. 
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An Expert System of Mark Zuckerberg’s Knowledge:
(Founder of Facebook and Time’s 2010 Person of the Year)
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mullenr1@southernct.edu

Abstract

This paper describes the conceptual 
development of an expert system to advise those 
considering the development of a new social 
network such as “Facebook” as developed by Mark 
Zuckerberg in 2003. It expands on the movie, 
“Social Network”, to simulate the advice that the 
world’s youngest billionaire might give to those 
interested in how he has successfully maintained this 
popular social network. 

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. The first 
decades of the 21st century has witnessed the 
emergence of intelligent expert systems which 
provide access to multiple experts within a narrow 
field of interest.

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 21st 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. 
Expert Systems continue to become more complex 
but require constant upkeep.

This paper returns to the original concept of 
capturing the knowledge of a single expert in a 
limited domain in the computer industry. It was the 
first and last of a jointly written paper by an MIS 
student and his professor of an expert systems 
course being taught for the last time.

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 1 outlines the 
components of an expert system.

For several years in the 1990s, expert 
systems had fallen out of favor in business because 
they had been incorrectly applied to the elimination 
of experts, who were usually the highest paid 
workers in an organization outside of the managers. 
However, with the downsizing of the early part of 
the 21st century, expert systems have reappeared as a 
training tool for such businesses.
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FIGURE 1
COMPONENTS OF AN EXPERT SYSTEM
Dialog Screen – Determine Nature of Problem
Knowledge Base – A collection of “If ...Then” 

statements From Experts
Inference Engine – Software to search knowledge 

base
Presentation – Determine how to display advice to 

system user

In support of this course, which was my 
most challenging to teach, I developed a model of an 
expert system to demonstrate to the students how 
such a system is developed using a language, 
CLIPS. The model involved picking two individuals 
a year who were experts in their field and who were 
living at the time so theoretically I could have 
interviewed personal to capture their expertise. 
However, these chosen individuals were well known 
enough in their field to have had books and later 
Internet articles published about them. This was the 
source of information for these systems. I began 
presenting my work at various conferences for peer 
comments to improve the process. A list of 
organizations where these papers have been 
presented and published is shown as figure 2.

FIGURE 2
CONFERENCES WHERE EXPERT SYSTEM 

PAPERS WERE PRESENTED
Association of Management; Decision Science 

Institute
Industry, Engineering, and Management Systems
Information Resource Management Association

I also began to utilize the model to recognize 
the many contributors to the advancement of 
computer application usage who may be seen as 
heroes or role models to my MIS students. Such 
individuals who have had prior models developed of 
the expertise in the computer field include Bill Gates 
(Microsoft); Steven Jobs (Apple Computers); 
Michael Dell (Dell Computers); Lawrence Ellison 
(Oracle); and Scott McNealy (Sun Microsystems). 
Added to this list is the subject of this paper - Mark 
Zuckerberg, founder of Facebook. This will be the 
final paper in the series.

Mark Zuckerberg is another Harvard drop-
out like Bill Gates. Both went on to become 
billionaires for their contribution to the computer 

field. Early versions of Facebook appeared in 2004. 
It began small at Harvard on February 4th of that 
year and was soon expanded to other ivy-league 
colleges and finally to any university under the 
premise that such students have interests in 
common. The concept spread rapidly by word of 
mouth. Following a move of the business to 
California and linking with corporate sponsors, it 
became a successful business which allowed Mark 
Zuckerberg to be the first person to reach billionaire 
status before the age of 25. His image from the 
movie “Social Network” has changed into one who 
donated much of his wealth to education and 
charitable institutions.

FIGURE 3
PARTIAL REFERENCE LIST OF MARK 

ZUCKERBERG 
 Person of the Year – TIME (December 27, 

2010 / January 3, 2011) The Case by 
Richard Stengel; page 43. 

 Person of the Year – TIME (December 27, 
2010 / January 3, 2011) Manifest Destiny by 
Lev Grossman; page 44.

 Etc. Etiquette School; Bloomberg Business 
Week; October 18-24, 2010 – Fig2 Business 
Magnate of Today – Mark Zuckerberg. 

 Weinberg, Neal (2008): “Nine hot 
technologies for 2009 (social 
networking)”;NetworkWorld; Dec 29; pg 
13.

 Social Networking (the movie) 2010 which 
depicted Mark Zuckerberg as a “nerd”; 
greatly misunderstood in his first serious 
relationship but able to learned from it and 
move on. 

Specific Development of this Paper

During the Fall 2010 semester at Southern 
Connecticut State University, I offered the course in 
Expert Systems that had not been taught for five 
years due to lack of support from the students. It had 
now been advertised as an elective for both MIS and 
management students. Students were asked to work 
on a term project that required selecting an expert in 
a field of interest to them. Most chose sports figures 
or well-known managers. One student selected Mark 
Zuckerberg with an interest toward developing the 
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social network system into a target marketing tool. I 
had planned to do a paper on Mark Zuckerberg for 
the 2011 IEMS conference so I asked the student for 
permission to combine our work and present it as a 
single paper. His name is shown as a contributing 
author.

In developing an expert system, a 
knowledge engineer asks questions of experts to 
build a knowledge base. Figure 4 contains some 
example questions that would be appropriate to ask 
of Mark Zuckerberg to simulate the collecting of 
knowledge in the form of advice for anyone 
interested in attempting to create their own social 
networking system.

 The language of an expert system is usually 
rule-based so the advice is shown as the answer to an 
“IF” question that the expert system user might have 
as a problem. Most of the advice from Mark 
Zuckerberg is non-technical, lessons he has learned 
from the capabilities required of the system for it to 
be as successful as “Facebook”.

FIGURE 4
A SAMPLE LIST OF ADVICE MARK 
ZUCKERBERG WOULD GIVE FOR 

DEVELOPERS OF A SOCIAL NETWORK – 
(FACEBOOK)

1. Make sure the system is accessible to 
anyone interested in using it.

2. Make sure the system is easy to use for 
people of all ages and technical ability.

3. Make sure user is able to choose who should 
be invited into their social circle.

4. Make sure user is able to hide or keep some 
content restricted from public knowledge.

5. Make sure the content can be easily 
changed, updated, and deleted as situations 
change.

6. Make sure the user can easily state their 
social relationship with others; such as 
single and available; in a relationship; or 
completely committed to a relationship.

7. Make sure that pictures and images are 
easily shared.

8. Make sure one entry reaches all interested 
parties; like an open announcement or 
disclosure of relationship change. 

This paper describes the conceptual 
development of an expert system to capture the 
knowledge of Mark Zuckerberg, an expert in the 
development of a social network system known as 
“Facebook”. Figure 5 depicts the conclusions 
reached from the writing of this paper.
In the reference section at the end of this paper are 
other similar papers written and presented at earlier 
conference in the series of expert systems on 
computer professionals known to be experts in their 
field. The author is within a year or two of 
retirement and does not expect to teach the Expert 
System course within the time remaining. Therefore, 
this paper will be the last in the series from Southern 
Connecticut State University to be presented at an 
annual IEMS conference.

FIGURE 5
CONCLUSION

 IT IS POSSIBLE TODAY TO 
CREATE AN EXPERT SYSTEM 
FOCUSED ON A SPECIFIC 
INDIVIDUAL RECOGNIZED AS AN 
EXPERT IN A SPECIFIC FIELD 
SUCH AS “SOCIAL NETWORKING”.

 THE IMPACT THAT “FACEBOOK” 
HAS HAD ON ITS OVER 500 
MILLION MEMBERS HAS 
CHANGED THE WAY WE 
COMMUNICATE WITH FRIENDS 
AND FAMILY. MARK 
ZUCKERBERG DESERVED THE 
PERSON OF THE YEAR AWARD 
FOR HIS CONTRIBUTION TO A 
NEW SOCIETY–WORLD WIDE. 

 THIS EFFORT WAS A JOINT 
EXAMPLE OF “ADAPTIVE” 
DEVELOPMENT BY A PROFESSOR 
OF MIS AND A STUDENT IN THE 
FINAL OFFERING OF AN EXPERT 
SYSTEM COURSE. 
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 Abstract 

This paper explores a Cellular Assisted 
Radionavigation method for location finding in 
aviation. Specifically, we consider a scenario 
where GPS navigation is compromised or 
otherwise unavailable, a feature of great interest 
to Homeland Security and the Department of 
Defense. Cellular Assisted Radionavigation 
(CAR) utilizes the presence and known 
geographic position of cellular towers for 
location fixing and bearing. This is 
accomplished through the use of Pseudo-
Doppler (PD) Direction Finding (DF). This 
paper proposes the use of Psuedo-Doppler DF 
for navigation and contrasts that with other 
geolocation technologies.

1. Introduction 
GPS is rapidly becoming the navigation 

technique of choice. Its superior accuracy to 
ground based navigation system, national 
coverage, and ease of use give it many 
advantages over existing technologies and have 
secured its position as the primary navigation 
technique for the Next Generation Air 
Transportation system in development for the 
National Airspace System. [1]

When GPS is compromised or otherwise 
unavailable, such as in urban environments 
where line of sight to GPS satellites is restricted 
or in wartime scenarios where GPS is easily 
jammed or disabled, alternative navigation 
systems are necessary. [2] Such systems are of 

particular interest to Homeland Security and the 
Department of Defense. [3]

There are existing systems in place for 
navigation in the absence of GPS.  Such systems 
include Non-Directional Beacons (NDBs) and 
VHF Omnidirectional Range (VOR). Both of 
these systems function well at high altitudes, but 
are highly sensitive to interference.  When flying 
at low altitudes or when there exist obstructions 
between the receiver and the transmitting tower, 
most notably the horizon, these systems fail.  
These systems are particularly unsuited for low-
altitude navigation, and are further degraded in 
urban environments.

The density and known geographic location 
of transmission towers in cellular networks 
makes them ideal to serve as navigation beacons 
for an additional backup to GPS. Existing 
geolocation techniques, such as Pseudo-Doppler 
DF, could be applied to construct a low-cost 
alternative navigation system without the 
expense of installing additional equipment on 
the ground or allocating new spectrum.

In urban environments where cellular towers 
are abundant and line of sight to satellite 
positioning systems is limited, cellular-assisted 
radionavigation is an attractive alternative to 
GPS.   Thanks to the worldwide standardization 
of cellular communication systems, cellular-
assisted radionavigation can be applied to non-
domestic airspace.  

This paper examines existing radionavigation 
techniques and their limitations as GPS 
replacements. A novel use of pseudo-doppler DF 
with existing cellular base stations as a 
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navigation tool will be introduced.  Finally, the 
pros and cons of this system are outlined.

2. Existing Radionavigation Methods
Two major radionavigation systems exist 

today in addition to GPS. Before the widespread 
use of GPS, aviation navigation relied upon the 
NDB and VOR systems to provide waypoints 
along set routes. While these systems are present 
and in use today, they are slowly being phased 
out for primary navigation. [4]

A NDB is a radio transmitter which 
broadcasts its morse-code call sign at a low 
frequency (primarily between 190kHz and 
535kHz in the US). [5] The craft must be 
equipped with an Automatic Direction Finder 
(ADF) to determine the tower’s relative 
direction to the craft. A VOR operates similarly 
in the VHF spectrum, but its signal also includes 
a navigation signal allowing for more accurate 
direction finding.

3. Need and Challenges for New 
Radionavigation Methods

With the approaching decommissioning of 
NDB and partial decommissioning of VOR in 
the United States, there is a need for new 
radionavigation methods which not only replace 
the role of VOR and NDB in navigation but 
provide a comparable backup for GPS 
navigation.

Several challenges exist when developing 
and deploying a replacement for existing 
radionavigation systems. Principle among these 
challenges are the high cost of installing 
navigation beacons across the vast area that is 
the United States and the limited availability of 
unallocated nationwide spectrum.

4. Cellular Assisted Radionavigation
Cellular Assisted Radionavigation (CAR) 

uses the existing cellular infrastructure as 
navigation beacons. Much like NDB and VOR, 
CAR uses Angle of Arrival (AoA) estimation of 

signals from navigation beacons and trilateration 
to compute a location and heading.  Existing 
cellular towers are ideal candidates to be used as 
radionavigation beacons for a number of 
reasons.

Consumer demand for increased coverage 
and capacity has resulted in a dense tower 
network covering a large portion of the United 
States.  Cellphone carriers can be relied upon for 
network infrastructure and deployment. Using 
an existing radio system also eliminates the need 
to allocate new spectrum.  Flight altitude and the 
density of towers in urban areas all but 
guarantee line of sight to sufficient number of 
towers for navigation.

The use of cellular towers without 
modification, however, introduces new 
challenges for designing a new radionavigation 
system.  The high tower density and shorter 
broadcast range compared to NDB and VOR 
coupled with the relatively high speed of aircraft 
necessitates much quicker position fixing 
techniques than traditionally used with existing 
systems. A database of cellular towers and their 
geographic location must also be maintained and 
referenced for successful trilateration. The 
presence of competing cellular providers often 
results in multiple overlapping cell towers in 
many areas. A means of intelligently selecting 
which beacons are used for trilateration must be 
implemented to avoid system overload.

4.1. Psuedo-Doppler Direction Finding

The receiver architecture of a Single Channel 
Pseudo-Doppler algorithm is shown in Figure X. 
The incoming RF transmitter signal impinges on 
the 4-element antenna array, and the output of 
one antenna at a time is passed to the receiver 
module. An RF rotating switch gives the output 
of each antenna to be analyzed for Tsw/4, where 
Tsw is the period of the rotating switch. The 
incoming signal at the ith antenna can be 
described as:
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where m(t) is the modulating message signal 
(the contains information), and binary phase 
shift keying (BPSK) is the modulation of choice 
for such an application. ωo is the carrier radian 
frequency, θo is the initial phase component, λ is 
the wavelength, r is the circular array radius, Na 
is number of the antenna array elements, and Φ 
is the AOA. ni(t) is the noise in the antenna path 
inside the receiver.

The incoming RF signal is sampled using a 
rotating switch that passes the output of a single 
antenna from the array to the receiver module at 
a time. This adds a phase component to the 
incoming RF signal on top of the phase from the 
complex impulse response of the channel which 
includes all phase effects due to signal path 
delay, reflection, diffraction and antenna phase 
pattern. The continuous input RF signal is then 
converted to IF and passed to a phase 
demodulator. The output of the phase 
demodulator is filtered, thus giving a sinusoidal 
output that has a time delay with respect to the 
rotating switch. The AoA estimate is found from 
the measured time delay difference between the 
rotating switch signal and the filtered one (this is 
performed inside a microcontroller in hardware). 
Since the period of the rotating switch is known, 
as well as the time delay estimate, an AOA can 
be calculated [6]

4.2. Solution Details

The proposed implementation is a quad 
channel pseudo Doppler direction finder using 
an 8 antennae array.  Two primary systems are 
used for generating data for trilateration. First, 
the four antennae not being used for PD DF will 
be used for performing a network survey of 
visible towers, refreshing data each full cycle. 
The network survey will be used for identifying 
towers and determining optimal towers for use 
in trilateration. Towers will be given preference 
based on signal strength and signal strength 

growth between each frame in the cycle. Towers 
with clear signal which appear to be on approach 
will be most favored. The DF system will 
consist of four digital signal processors in 
parallel performing PD DF on the set of towers 
determined by the network survey system.  
Tracking the direction of four towers with 
known locations in real time will improve the 
accuracy of the trilateration and mitigate the 
effects of reflection and multipath by using the 
4th tower to confirm the trilateration. 

5. Conclusion
The high density of cellular towers makes 

them an ideal navigation infrastructure. Since 
the coordinates of each tower are well known a 
system such as pseudo-doppler can be used to 
estimate AoA of cellular tower beacons and 
triangulate geographic position. Such a system 
will allow for accurate navigation in the absence 
of GPS or as a backup system in the presence of 
GPS.
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 Abstract 

This paper describes a light weight, low cost 
Emergency Base Station (EBS) which can be 
used to pose as a cell tower in emergency 
situations. When such a system is switched on 
all cellular phones in its vicinity will 
automatically attempt to connect to it. The 
system outlined in this paper will then capture 
these cellphones allowing the operator to call, 
talk to, or SMS these captured phones.  This 
system is of particular interest for post disaster 
search and rescue activities as it will assist with 
quickly locating possible victims as well as 
provide a means of communication with them. 
The EBS has been successfully tested at the 
laboratories of Jackson State University. 

1. Introduction 
In a perfect world, governments would attach 

homing beacons to each and every person prior 
to a disaster. Thereafter, at the start of a search-
and-rescue operation, these beacons would be 
activated at will to locate victims. Although this 
may sound fantastic, almost every person in the 
United States already has a radio attached to 
himself or herself. (See Fig 1) People commonly 
refer to these radios as cellular telephones. 
Today, with cellular-penetration rates of over 
one hundred percent in some countries, a device 
capable of making these cellular telephones 
transmit and of finding the transmitting source 
will have a significant positive impact on post-
disaster search-and-rescue operations.  

Moreover, cellular telephones can be used not 
only for victim location, but also for 
communication with victims who have been 
located.

When disaster strikes, it is the first few hours 
of post-disaster activities that are most critical. 
In these first few hours, disaster victims may 
still be located alive; beyond these hours, rescue 
frequently becomes recovery [1]. It is therefore 
critical that search-and-rescue resources are 
utilized at the maximum possible efficiency. 
Take Hurricane Katrina as an example. 
Immediately after the storm, the search-and-
rescue operatives had to canvass over one 
hundred miles of coastal communities, including 
Greater New Orleans, to look for trapped 
victims. Victims remained trapped in thousands 
of homes, but the scarcity of search-and-rescue 
resources made it impossible to search every 
house in the city within the first days after 
Hurricane Katrina. Ultimately, some victims 
died while trapped in their homes, waiting for 
rescue [2]. If search-and-rescue operatives had 
had a device that allowed them to see which 
homes had victims, many of those victims might 
have been saved. The same technology could 
have been used to assist in search-and-rescue 
operations after the recent Haiti and Japan 
earthquakes. In both cases, the earthquakes 
caused multiple structures to collapse.  Rescuers 
do not have an infinite source of equipment to 
excavate these collapsed structures.  The ability 
to efficiently and accurately select where those 
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limited resources are deployed would have 
likely saved lives. A device that allows rescuers 
to distinguish between a pile of rubble with 
victims under it and a pile of rubble with no 
victims under it can directly save lives.

In the event of a disaster that knocks out the 
established cellular infrastructure, otherwise 
able-bodied people in need of rescue will be 
unable to use their cellular telephones to call for 
help.  However, even though the cellular 
infrastructure may be unusable, cellular-
telephone batteries will hold their charge for a 
few days in standby mode. Easily deployable 
portable base stations, which can provide self-
contained cellular bubbles for the purposes of 
detecting and communicating with working 
cellular telephones, would greatly assist rapid 
response efforts to locate victims. Our goal has 
been to develop a portable, battery-powered 
package which could fit in the back of a truck or 
on a small boat and is easily usable by rescue 
workers to contact possible survivors.

Today there are devices that can detect a 
cellular telephone. These devices are primarily 
used to find a cellular telephone that is being 
used in a cellular-restricted zone. These devices 
simply detect the RF radiation the cellular 
telephone produces and alert the user to the 
existence of such radiation. However, these 
devices have two limitations. First, they will not 
detect a cellular telephone that is in sleep mode, 
which is the status of most cellular telephones 
more than ninety percent of the time. Second, 
these detection devices are incapable of 
pinpointing the actual location of a cellular 
telephone. Rather, they can only indicate that a 
cellular telephone is within a certain radius 
around the detector.

Given the benefits of using cellular 
telephones to locate and assist disaster victims, a 
device capable of making cellular telephones 

transmit a signal and then locate the source of 
that transmission was designed and built. Given 
the limitations and necessities of search-and-
rescue operations, this device has been designed 
using commercial off the shelf (COTS) 
components to be compact, inexpensive, self-
contained, easy to handle, and easy to operate.

2. Cellular System Selection
In the United States of America, all major 

cellular-telephone carriers use technologies 
based on either the GSM or CDMA2000 
protocols. Other important protocols include 
WCDMA, TD-SCDMA, and 4G/LTE.  The vast 
majority of WCDMA devices have GSM radios 
in them and will use GSM in the absence of 
WCDMA.  TD-SCDMA is a network standard 
developed and used only in China.  4G/LTE is 
the 4G evolution of GSM and WCDMA; it is a 
cutting-edge technology that has only been 
employed in limited, dense markets, such as 
New York City and Chicago.  We chose to focus 
our initial research on GSM because of its wide 
availability and large worldwide subscriber base. 
Future research will cover protocols such as 
CDMA2000, WCDMA, TD-SCDMA, and 
4G/LTE.

3. The Emergency Basestation
Cellular telephone location and 

communication is provided through a custom 
cellular base station that we call an “Emergency 
Base Station.” The Emergency Base Station 
(EBS) was implemented using a software radio 
with a custom build of the OpenBTS software 
GSM stack. 

4. Hardware Used 
The core hardware components of the system 

consist of a commercial off-the-shelf (COTS) 
netbook computer with an attached open-source 
software radio peripheral. An entry-level 
netbook was specifically chosen to emphasize 
the low computing requirements for the system 
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and to reduce power consumption during battery 
powered operation.  The netbook used, an Asus 
T101MT, is equipped with a 1.66Ghz Intel 
Atom processor, 2GB of RAM, and a 40GB 
solid-state hard drive.  A single software radio 
peripheral, the Ettus Universal Software Radio 
Peripheral (USRP), provides analog-to-digital 
conversion for host-based signal processing as 
well as an RF front-end. [3]  The USRP was 
modified to use an external 52Mhz clock to 
better match GSM frequencies.

5. Software Used
Several open-source projects are used to 

power the EBS system.  At the core of the EBS 
is a modified version of OpenBTS.  OpenBTS is 
a software package designed to provide low-cost 
GSM cellular service to rural and developing 
regions using COTS hardware and computers. 
[4,5]  OpenBTS implements a software GSM 
protocol stack using GNU Radio for USRP 
communications and signal processing and 
connects to an Asterisk server via VoIP for call 
switching and control.  OpenBTS has been 
modified to provide greater control over 
broadcast messages and handset geolocation.

 
Host-based signal processing and 

communication with the USRP are achieved 
using GNU Radio, an open-source development 
kit aimed at implementing software radios using 
low-cost hardware and COTS processors. [6]  
Asterisk is a VoIP software private branch 
exchange (PBX), which allows calls to be 
connected between phones and the EBS to be 
integrated, if desired, into an existing VoIP 
phone system. [7]  All of the software is 
available under an open-source license and runs 
on Ubuntu linux.

6. GSM Handset Detection
When a GSM handset is switched on, it 

initially looks for the tower of highest power and 
attempts to connect to it. If the connection 

request is accepted, the tower will supply the 
handset with a list of the neighboring towers. 
The handset can then go on sleep mode where it 
does not transmit, however, it periodically 
checks the power of the tower it is connected to 
and compares that to the power of transmissions 
from the neighboring towers. If at any time one 
of the neighboring tower signals becomes 
stronger than that of the one it is connected to, 
the set will transmit a request to the new 
stronger tower. Therefore while there is no 
change in the tower signal strength, the cell 
phone remains silent and with no radio 
transmission.

In the case where there are no cell towers, a 
handset will also remain silent until a tower 
becomes available. Finally, if a handset is given 
neighboring tower list without any entries, it will 
remain connected to the tower it has been 
connected to until the transmission power of that 
tower decays to zero or becomes  unusable.

7. How the EBS Works
When a GSM handset comes within 

broadcast range of the EBS, if it is not already 
attached to an existing cell tower, it will attempt 
to register with the EBS. Upon registration, the 
handset will be provided a temporary phone 
number and issued an Radio Resource Location 
Protocol (RRLP) request to determine its 
location. RRLP is a GSM feature required on all 
GSM handsets sold in the United States; it 
allows the handset to determine its approximate 
location through assisted GPS. Once registered, 
rescue personnel can communicate with the 
handset via voice call or SMS (Text Messaging) 
using the newly assigned phone number. In 
addition, outgoing 911 calls by registered 
phones can be redirected to local rescue 
personnel.
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In a post-disaster scenario where the existing 
cellular infrastructure is non-existent or non-
functioning, registering a handset to the EBS is a 
trivial process. However, in a localized disaster 
scenario (such as a building collapse) where the 
existing cellular infrastructure is still 
transmitting, whether functional or not, this 
process becomes more difficult, as the handset 
will prefer to stay connected to its carrier’s 
network and its currently attached tower. To 
circumvent this restriction, in a mixed-network 
environment, the EBS will cycle through present 
carrier IDs to coerce the handset into registering.

8. Results
A compact device using COTS hardware that 

detects, locates, and communicates with cellular 
telephones was built.  We tested the device using 
locked and unlocked cellular telephones in a 
laboratory environment.  The test model does 
not use any amplification, and therefore has a 
limited range of only a few meters.  However, 
much greater range could be achieved in the real 
world by using an amplifier.

Figure 3 shows the complete EBS, which 
comprises a transmitter connected to a notebook 
running a GSM stack and a soft radio under 
Linux.  The system as it stands is powered by 
being connected to the 110V on the wall. The 
system can alternatively be powered by a 12V 
DC power source.

9. Conclusion
The device was built performs its intended 

function of detecting, and communicating with 
cellular telephones.  This technology has 
significant real world implications and could be 
used in disaster recovery operations to save 
lives.  Using this system without amplification 
cell phones could be captured at a 30 yard 
radius. This radius could be shrunk or expanded 
at will by amplification.
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Figure 2. The EBS

Figure 3. The EBS Test Setup
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 Abstract 

When considering the trait innovativeness of 
consumers, the diffusion of innovations 
literature typically relegates women to 
secondary follower status as compared to their 
male counterparts. But, a closer inspection of 
that literature reveals potential problems with 
that assumption: the new products considered in 
many of those studies arguably correlate with 
male interests, and the self-report techniques of 
assessing trait innovativeness support an 
androcentric socially-constructed perspective. 
The present pilot study attempts to transcend 
those limitations.

1. Introduction 
Western cultural iconography contains 

relatively few instances of women portrayed in a 
leadership role. With the exception of royalty 
(i.e. Catherine the Great, Elizabeth I, and 
Victoria), and Biblical figures (i.e. Eve, Miriam, 
and Mary), few women are afforded the 
representational mantle of leader. One notable 
exception is Eugene Delacroix’ allegorical 
female personification of Liberty leading the 
common folk, in the famous painting 
commemorating France’s Revolution of 1830, 
La Liberte Guidant les Peuple.

Unfortunately, women are largely relegated a 
follower status in behavioral science fields as 
well as culture. One particular manifestation of 

leadership which is measured in the business 
field is trait innovativeness, or the assumption of 
leadership as regards the consumption of the 
new. The past few decades have seen several 
attempts to measure trait innovativeness as the 
propensity to be among the first to adopt a 
product (in studies of consumer behavior) or 
embrace or try new ideas (in studies of 
organizational behavior). Both typically report a 
gender gap, with men consistently scoring as 
more highly innovative than women. 

A good example of the former, measuring the 
likelihood of innovative purchasing behavior, is 
the work of Rogers[1][2]. Rogers generalizes early 
adopters of innovative goods as having: 1) 
greater rationality, 2) a more favorable attitude 
toward change, 3) a more favorable attitude 
toward risk, 4) a more favorable attitude toward 
science, and 5) a less fatalistic outlook.
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Similarly, a representative example of the 
latter, measuring the likelihood of innovating in 
the workplace, is the KAI innovator, as 
developed by Kirton[3]. The KAI innovator is, 
when compared to later adopters, described as 
someone who: 1) is a catalyst to settled groups, 
2) takes control in unstructured situations, 3) 
challenges rules, 4) disrespects custom 5) 
doesn’t require consensus for certitude, and 6) 
appears insensitive to people. 

These descriptions appear reasonable until 
they are compared to another similar list 
belonging to a different construct. Table 1 
represents a list of gender stereotypes as 
ascribed, perpetuated and socialized in Western 
society, as compiled by Ruble[4]. 

Whereas the Rogers early adopter has a 
“more favorable attitude toward science,” 
Ruble’s stereotypic male “likes math and 
science.” Rogers’ innovator enjoys risk, and 
Ruble’s male is adventurous. Rogers’ early 
adopters have a greater rationality, while 
Ruble’s stereotypic female is “natural,” as well 
as “excitable in crisis,” representing irrationality 
and the failure to control one’s circumstances.

Consequently, Kirton’s innovator “takes 
control in unstructured situations” and “doesn’t 
require consensus,” while Ruble’s stereotypic 
male is dominant, self-confident, forward, and 
not easily influenced.

What results are two widely-
utilized, purported measures of trait 
innovativeness which are at least 
partially indistinct from socialized 
stereotypes of maleness. Is it 
therefore surprising that men’s 
scores are consistently and 
significantly higher on KAI [3][5][6]? 
Or that men score higher in 
cognitive innovativeness, described 
as the cognitive predisposition for 
information processing [7]? Or on the 
innovativeness portion of the 
Optimal Stimulation scale,[8] where 
predominantly-male business 

students outscore homemakers? Have marketing 
researchers been conflating trait innovativeness 
with gendered expectations of behavior?

There are some contrary results. For 
example, Goldsmith and Hofacker[9] have long 
suggested that innovativeness has a domain- (or 
product category-) specific component, and 
women have been shown to be more innovative 
in gender-ghettoized product categories such as 
fashion[10].
Price and Ridgway[11] have criticized the 
predominant acquisition orientation of 
innovativeness measurement (that the only way 
a consumer can innovate is through their ability 
to purchase a product earlier than other 
consumers) and introduced a distinct use 
innovativeness construct which measures the 
ability of the consumer to create new uses and 
applications of product, and which has been 
subsequently shown to favor female 
consumers[12] .     While gender stereotypes have 
been shown to be strongly persistent throughout 
successive age cohorts despite the changing 
roles of men and women in society[13], there is 
some limited evidence of a commingling of 
innovative response to new product entrants to 
the market. In a study of adoption rates of 
technological product, Morris shows an 

Stereotypic men > women Stereotypic women > men

Aggressive Emotional

Ambitious Strong conscience

Active Creative understanding

Dominant Needs approval

Self-confident Home-oriented

Adventurous Enjoys art & music

Competitive Helpful to others 

Forward Creative

Likes math & science Passive

Mechanical aptitude Need for Security

Not easily influenced Doesn’t hide emotions

Excitable in crisis

Table 1. Gender Stereotypes
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emerging unisex pattern among younger age 
cohorts[14].
     The present pilot study attempts to approach 
the study of gender and trait innovativeness by 
divorcing itself from self-report batteries and 
instead attempts to locate differences in 
innovative behavior through the use of a
self-directed, unstructured activity.

2. Methodology
In the present study, participants are engaged 

in a reflective, directed projective exercise -- 
rather than self-report responses to objective 
indices. 

Projective tests have been shown to be 
especially helpful when the topic being studied 
is ambiguous and complex, leaving participants 
hampered in terms of articulation skills and 
verbosity; they are also helpful when there are 
social desirability factors involved[15] . The study 
of innovative behaviors may experience these 
obstacles. For example, most people are unlikely 
to contemplate to any degree their behaviors 
toward new products, rather they react in a 
holistic manner. While many of the 
innovativeness indices contain items which 
specify particular objects and rely on the ability 
to project the response in general (for example, 
in  Leavitt and Walton’s 1975 inventory[16], there 
is a statement: “Some modern art is 

stimulating”), real innovative responses may be 
highly contextual and even product-specific. It is 
also highly likely that the items used in 
innovativeness scales are so simply decipherable 
(i.e. Leavitt and Walton’s item “I often try new 
brands before my friends and neighbors do”) by 
survey subjects that they prompt social 
desirability, especially males who would seek to 

fulfill social expectations of 
innovativeness.

The projective exercise utilized in this 
study simply asks the participant to create 
the design and copy for an advertisement 
of a given focal product. Much like an 
open-ended question is less restrictive 
and less prescriptive in terms of response 
allowed, the ad design could be anything 
the subject chooses. Of course, the 
choices will likely be constrained by the 
subject’s exposure to advertising content 
from the real world – and those choices 
made by the subject can be categorized, 

and can be interpreted after the fact by the 
researcher in the process of content analysis. To 
add an additional source of data, each subject 
was asked to provide a brief rationale for the 
design they chose

The choice of focal product for the study is 
critical. It is possible that the products chosen in 
previous studies of consumer innovation have 
favored male interest, the highly technological 
products for the home and workplace. For this 
study, then, a product favoring women’s interest 
and participation was found: the e-book reader. 
Women have long been recognized as more 
likely to read for pleasure than men, a difference 
which is consistent no matter the age cohort 
studied, and a difference which only becomes 
more pronounced with age. Excerpts from the 
SRDS Lifestyle Analyst [17] illustrate this fact, 
showing a propensity for pleasure reading in 
females almost double that for males. This is 
almost exactly the reverse for consumer 
electronic products, a mainstay of innovation 

Males: Females:
18-34 years old: 58 18-34 years old: 97
35-44 years old: 62 35-44 years old: 102
45-64 years old: 69 45-64 years old: 115
65 and older: 74 65 and older: 127

*From 2007 SRDS Lifestyle Analyst

Index of 100 indicates population median;

Index of 112 should be interpreted, e.g.:

“12% more likely to read for pleasure than the US population in general”

(contrast with 18-34 y.o. males’ index of 218 for electronics)

Table 2. Pleasure Reading Indices for US*
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research. The e-book reader, while still a 
technological, electronic innovation, is 
functionally attractive for women – a fact that is 
demonstrated by the success of the Nook reader, 
which successfully appealed to the female 
market by emphasizing the reading functionality 
of a simplified device and the removal of 
extraneous attributes such as twitter access, 
high-res cameras, and other bells and whistles 
typically associated with tablet devices.[18]

Each subject was asked to design and justify 
an advertisement for a new brand of e-book 
reader, and to target their design and copy for 
consumers who were just like them. Given that 
e-book readers were demonstrably in the growth 
stage of the product lifecycle, the subjects 
should each have some exposure to the category, 
and the concept of a new entry should seem 
realistic.

The exercise was administered to 80 students 
across two sections of an Introduction to 
Management course required of all students in 
the College of Business. Any student with 
advanced coursework in marketing was 
excluded to control for formal knowledge in the 
creative aspects of advertising design and target 
marketing. Of the 80 participating students, 43 
were female and 37 male. All were given course 
credit for their participation.

Researchers then took the subjects’ ads and 
rationales and applied the following content 
codes:

Passive/active: two codes were applied to 
measure the visual elements of the ads. 

 PA1 registered whether the product 
was simply on display (passive) or 
turned on and working (active)

 PA2 registered whether or not a 
human being was engaged in the use 
of the product

As traditional stereotypes suggest men are 
more active than women, women are expected to 
have greater passivity among their design 
elements.

Rational/Emotional (RE) records whether 
the participant utilizes a rational appeal (e.g. 
arguing the merits of the product) or an 
emotional appeal (attempting to elicit an 
affective response by the ad’s viewer). 
Traditional gender stereotypes would predict a 
higher reliance on rational appeals among male 
subjects, and more reliance on emotional content 
by female subjects.

Fear appeal (F1) records whether the ad 
appeals to the need for security or approval. As 
Fear is a specific emotional appeal, traditional 
stereotype would predicts higher usage among 
female subjects.

Fantasy (F2) records the presence of 
fantastical elements.

Testimonial (T) records whether third party 
experience or expertise has been invoked. As 
traditional stereotypes would suggest that 
women seek out the opinion of others in 

Table 3. Male vs. Female Table 4. By Major

Code % male % female Z-value Sig Code % qual % quant Z-value Sig
Passive PA1 59.5 62.8 0.3 (n.s.) Passive PA1 65.3 54.8 0.94 (n.s.)

Passive PA2 54.1 48.8 0.47 (n.s.) Passive PA2 59.2 38.7 1.79 0.073
Rational RE 73 74.4 0.14 (n.s.) Rational RE 73.5 74.2 0.07 (n.s.)

Fear F1 2.7 7 0.87 (n.s.) Fear F1 6.1 3.2 0.58 (n.s.)

Fantasy F2 10.8 14 0.43 (n.s.) Fantasy F2 10.2 16.1 0.78 (n.s.)

Testimonial T 16.2 7 1.29 (n.s.) Testimonial T 12.2 9.7 0.35 (n.s.)

Particularistic PH 37.8 18.6 1.92 0.0554 Particularistic PH 28.6 25.8 0.27 (n.s.)

Purchase PU 43.2 43.2 1.21 (n.s.) Purchase PU 34.7 38.7 0.36 (n.s.)

Product pictured* 91.9 93 0.19 (n.s.) Product pictured* 91.8 93.5 0.28 (n.s.)

Gender targeted*1 5.4 16.3 1.54 0.124 Gender targeted* 6.1 19.4 1.83 0.065
Books pictured* 43.2 48.8 0.5 (n.s.) Books pictured* 47 45.2 0.15 (n.s.)
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decision making more than men, the expectation 
of this element’s usage is higher among women.

Complexity (C) records the detail of the 
argument made by the participant, and is 
approximated with two codes:

 C1 the number of words in the ad 
copy, and 

 C2 the number of words in the 
rationale

Particularistic/Holistic (PH) records 
whether the participant has focused on the 
attributes and features of the product, or on the 
enjoyment provided by the product through its 
use. As traditional stereotypes paint men as 
more detail-oriented, women are expected to be 
more holistic in their portrayal of the e-book 
reader.

Purchase/Use (PU) reflects the thematic 
approach used in the ad, whether it 
predominantly argues for the viewer to purchase 
the product, or use it. As women have fared 
better in terms of use innovativeness scores, this 
measure will be a further indication of its 
discriminability.

Major/Concentration records whether the 
participant is in a quantitative (Accounting, 
Finance, Economics, Operations Management, 
MIS) concentration, or a more qualitative 
(Marketing, Management) one.

Gender (G) records the gender of the 
participant

After much of the coding had been 
completed, the authors noted evidence of other 
contents and decided to add three additional 
codes: 1) whether the ad design included a 
picture of the reader, 2) whether the competitive 
product (traditional books) were pictured, and 3) 
whether gender was specifically mentioned or 
depicted in the ad or the rationale.

3. Results
Table 3 reports the differences by gender for 

each of the content codes. Table 4 does the same 

by the quantitative or qualitative nature of their 
major.

Few discernible patterns were found among 
the codes by gender. The strongest discriminator 
was the PH (Particularistic vs. Holistic) code, 
with males being much more likely to include 
copy that specified particular features or 
attributes of the e-book reader (p<0.075).This is 
consistent with the prediction of the gender 
stereotypes. The other, much more modestly 
consistent difference was the depiction or 
mention of gender, with females more likely to 
make that distinction (p<0.15). Males and 
females were indistinguishable with regards the 
other nine codes.

With respect to the students’ majors, only 
two codes exhibited any discriminating power. 
PA2, which measures whether a human is 
shown in the ad interacting with the product, 
was recorded more often among those subjects 
in a qualitative field (p<0.075), consistent with 
expectations that qualitatively-oriented subjects 
would concern themselves with how the 
products help people rather than just elaborating 
the product’s intricacies. Interestingly enough, 
quantitatively-oriented students were also more 
likely to note gender than their qualitative 
counterparts (p>0.075).

4. Conclusions 
With minor exceptions, study participants did 

not create any artefactual differences in response 
to an innovative product which would 
conclusively demonstrate a difference by 
gender. This may support any of a number of 
conclusions:

1) The task was not engaging enough to elicit 
the effort necessary to create document of 
sufficient detail for content analysis.

2) Variation in expressive power among the 
subjects was greater than the variation in 
innovativeness.

3) The sample size of 80 was much too small 
to reflects difference among content categories 
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that were absent among the majority of 
responses.

4) The product category was sufficiently 
interesting to women to stimulate their 
innovativeness to be of equal measure with men, 
thus supporting the domain-specific 
innovativeness approach. Or…

5) That the Morris conclusion, that sex 
differences in innovativeness are diminishing 
among younger cohorts, is correct.

In future studies, the authors will address 
these contradictory interpretations by including 
products of differing sex appeal, of varied 
aesthetic vs. utilitarian bent, and expand the 
sample significantly to include a variety of 
subjects by age, expand the variety of majors 
beyond just those in the business field, and 
expand by number.
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 Abstract 

The UK manufacturing sector has a growing 
need for young engineers with both academic 
knowledge and a sound grasp of practical skills 
to enable them to make a realistic and effective 
contribution in the work place.  The Institute for 
Manufacturing (IFM) at the University of 
Cambridge provides academic lectures on the 
theories of automation and production control 
supported by laboratory based activities using 
industrial strength equipment.

The Automation Laboratory based at the IFM 
has been developed to meet the needs of both 
teaching and research communities.  It provides 
a safe environment where students and 
researchers can use the latest industrial 
equipment to gain valuable practical skills while 
at the same time being able to test and 
demonstrate new academic developments.

This paper discusses the importance that 
laboratory based activities play in the 
development of professional engineers, by 
providing an opportunity for students to apply 
and reflect upon knowledge gained in traditional 
lectures.  The paper focuses on the development 
of the flexible manufacturing and materials 
handling facilities in the IFM’s Automation 
Laboratory and examines how the laboratory 
infrastructure, enhanced production control 
architectures and appropriate teaching guidelines 
ensure that students get best learning experience. 
 This is critical as the laboratory infrastructure 
must be capable of handling variation in student 
projects, provide a quickly configurable test bed 
environment, as well as being robust to risk 
factors such as equipment and sub-project 
failures.  Failure of laboratory activities can be 
devastating to students, reducing confidence and 
limiting any professional knowledge that may 
have been gained.  The paper goes on to 
discuss topical research themes such as 

distributed control systems, intelligent products 
and product tracking using radio frequency 
identification.  It describes how these 
technologies have been used to enable the 
Automation Laboratory teaching activities. 

1. Research Questions Examined in this 
Paper

The Automation Laboratory has been run at the 
IFM for the last fifteen years, continuously 
being up-graded to meet teaching needs and 
keep pace with industry changes in equipment 
and software tools.  Over the last three years 
significant changes have occurred, with the 
laboratory being repositioned to a new building, 
with new control architectures and student 
guidelines being implemented.  The requirement 
and concepts behind these changes will be 
discussed in the remainder of this paper, but to 
gauge the impact of these changes, a survey was 
carried out on the Manufacturing students that 
have just completed the laboratory activity.  The 
survey examined two key research questions: 

Q1) Does the Automation Laboratory enhance 
tacit learning of Manufacturing Systems Design?

Q2) Do the infrastructure and guidelines impact 
on the learning experience in the laboratory?

2. Introduction to the Manufacturing 
Systems Design Module & 
Automation Laboratory

The IFM is the Manufacturing Engineering 
division of the Cambridge University 
Engineering Department.  It provides a masters' 
level option for under-graduate engineers 
wishing to specialise in manufacturing.  This 
paper will focus on the Automation Laboratory 
activity that has been designed to support the 
Manufacturing Systems Design (MSD) module. 
The MSD module is carried out by thirty five 
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students per year over a one week period.  It 
provides the core lecture material required by 
students to design and manage the 
implementation of an automated production line. 
 Lecture topics include discussions on, Project 
Planning, Machine Tools, Robotics, Sensors, 
Fixturing, Programmable Logic Controllers 
(PLC's) and Control Architectures.  The MSD 
module also introduces the follow-on 
Automation Laboratory, providing students with 
context to current lecture material and the 
opportunity to implement knowledge gained in a 
controlled industrial environment.  The 
Automation Laboratory is carried out as a group 
activity over a two week period.

3. Learning Issues to consider in 
Laboratory Activities

Many issues must be considered in the design of 
a successful laboratory activity.  Basic issues 
can include the topic area being taught, the 
competence of students participating, the time 
available, staffing levels required, safety 
concerns and equipment funds.  More complex 
issues involve ensuring that students gain the 
best learning by carrying out the laboratory 
activity.  A good laboratory activity provides an 
environment for student engineers to apply 
technical knowledge, to solve problems, to act, 
to test and to explore; but it also allows them to 
reflect on their learnings and actions.  These 
types of learning cannot be achieved in a 
traditional didactic lecture.   

The following section of this paper will discuss 
some of the academic material relating to these 
complex issues and highlight capabilities that 
have been included in the design of the 
laboratory activity.  The context of the 
discussion will focus around the (MSD) 
laboratory activity discussed above. 

It is clear that engineers need technical 
knowledge, but they also need skills and 
judgement.  A professional engineer brings a 
wealth of skill and judgement to a problem. 
 Time and experience has enabled the engineer 
to reflect over historic work and make more 
informed decisions above and beyond his core 
technical knowledge.  Erault [1] considers there 

to be two types of knowledge, type A and B. 
Type A knowledge is explicit knowledge and is 
treated as an object, something that can be 
codified and stored in publications and libraries. 
It is controlled by peer review, and can be 
formally examined.  Such knowledge forms the 
backbone of traditional university lecture 
courses in manufacturing engineering.  Type B 
knowledge is personal knowledge, 'what people 
bring to practical situations to enable them to 
think and perform'.  Such knowledge is acquired 
both by the application of Type A knowledge to 
a practical situation and by being constructed 
from personal experience and reflection. 

Gibbons [2] also makes a similar distinction 
between different types of knowledge.  Gibbons 
considers Mode 1 knowledge as academic, 
explicit and discipline based.  It can be gained 
through reading books and attending lectures. 
 Mode 2 knowledge is practical, difficult to 
document, trans-disciplinary and 'practitioner' 
oriented.  It can be gained through practice, 
master classes, apprenticeships, and involves 
reflection and mentoring.

Type B or Mode 2 knowledge encompasses skill 
sets that an engineer will develop.  Dreyfus & 
Dreyfus [3] identify a five level hierarchy within 
which to classify skill: Novice, Advanced 
Beginner, Competent, Proficient and Expert.  As 
an engineer develops to becoming an expert, 
explicit knowledge is replaced with knowledge 
that is internalised and intuitive.  This type of 
learning or knowledge gain is often discussed in 
texts relating to action learning. Revans [4] 
championed, what he termed, 'action learning', 
with the learner taking responsibility for 
'learning by doing'.  This is often done in a team 
situation.  Revans considered, "...By wrestling 
with the live problem and subsequently 
reflecting upon the results of his achievements, 
the learner acquires knowledge."  He also 
highlights that it is critical not to expose the 
learner to a situation that is too difficult, as this 
will result in a lack of learning and promote fear 
around the topic area.  Platts & Thorne [5] 
provide further discussion on Knowledge, Skills, 
and Judgement that can be gained in Laboratory 
environments.
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To address these complex issues and ensure that 
the laboratory activity enables type B knowledge 
to be gained, a number of key capabilities have 
been incorporated into the design of the 
laboratory activity:

 Provide basic project objective, but allow 
students to form and finalise project 
specifications.

 Provide type A Knowledge through lectures 
and industrial talks on core technologies.

 Enforce group activities, where students 
form management and sub project teams.

 Supervise students as an expert "coach" and 
question and discuss rational behind 
decisions made.

 Provide access to a controlled industrial 
environment to test ideas and reflect upon 
actions.

 Define firm time-lines to reflect industrial 
urgency and promote good project 
management practices.

 Define guidelines to be followed, reducing 
risk factors from sub project or equipment 
failures.      

4. Historic development of the 
Automation Laboratory

The following section of the paper discusses the 
history of the Automation Laboratory over the 
last ten years.  It identifies different aspects of 
laboratory activities that have triggered changes 
in laboratory hardware configurations, software 
tools and the teaching practices adopted.  To 
show the effect of these changes, performance 
measures have been identified to allow 

comparisons of Automation Laboratory 
activities to be made.  The performance 
measures include Student Enthusiasm, System 
Complexity, Project Completion and Equipment 
failure.  Each measures is scaled from 0 to 10 (0 
being Low & 10 being High).  In Figure 1 
above, the performance history of the 
Automation Laboratory can be seen.  It should 
be noted that historically these performance 
measures were not recorded.  Results shown are 
subjective, but reflect the context of the 
laboratory development.

2000 - The Automation Laboratory consisted of 
three independent production systems or cells. 
Automation equipment used was second hand 
and donated by industry.  The resulting 
equipment failures plagued Laboratory 
activities, but due to the independent nature of 
the three cells, the effects were limited.  
Students were split across the three cells, and 
the success of an individual cell was dependent 
on the distribution of students with specific 
skills and motivations.  It was also very apparent 
that the performance of students within the 
different cells varied significantly, in some cases 
motivated by competition between the three 
cells and in other cases de-motivated by seeing 
other cells forging ahead and succeeding.

2001 - To reduce the effects of equipment 
failure, two new robots where acquired for one 
of the cells.  This allowed technical staff to 
focus on teaching, rather than repairing 
equipment.  It also improved student 
enthusiasm, by providing access to state of the 
art, reliable equipment.



Proceedings of the 2011 IEMS Conference

147

2002 - The addition of a  CNC machining 
capability and a conveyor transport 
system changed the functionality of the 
Laboratory significantly.  Each of the cells was 
configured around a specific manufacturing 
capability, Machining, Assembly & Packing and 
this allowed the Laboratory to mimic a 
manufacturing supply chain.  The first phase 
integrated the Assembly and Packing operations, 
allowing more students to work together on a 
joint goal.  This provided a better group activity 
and improved student enthusiasm, but added 
additional complexity to production control 
systems.

2003 - In phase two the conveyor system was 
extended to link all three cells into an integrated 
production line. The laboratory now reproduced 
the functionality of an industrial based 
production system and exhibited all the 
complications faced by manufacturing engineers 
developing and commissioning this type of 
system in industry.  Students were excited by the 
challenge of the automation project and the 
opportunity to improvise and experiment in 
development of the production system.  It soon 
became clear that the integrated nature of the 
laboratory posed new challenges as failure of 
individual student projects could have 
widespread knock on effects across the 
laboratory activity.  Poor coding of a control 
system resulted in the catastrophic failure of a 
student demonstration, resulting in many 
students being unable to demonstrate their work 
and ending the laboratory demoralised and 
upset. 

2004 - A distributed control architecture was 
adopted rather than the previous centralised 
approach.  Programmable Logic Controllers 
(PLC's) were installed in each of the cells.  This 
effectively allowed students to break up the 
implementation of the control system across the 
different production elements within the 
laboratory (e.g. conveyor gates, docking 
stations, fixtures, etc.).  The conveyor system 
allowed overall production sequencing by 
routing shuttles around each of the different 
production elements and Radio Frequency 
Identification (RFID) was used to identify 
shuttles at each of these elements.  The RFID 

system would continuously update a SQL 
database about the last known position of the 
shuttles.  The SQL database posed complications 
in the control architecture as students had to 
implement a high level controller in Visual 
Basic (VB), to allow shuttle position 
information to be passed to low level PLC 
controls.

2005 - Students were encouraged to develop the 
control software in a modular fashion, allowing 
modules of code to be reused on duplicate 
production elements.  Defined handshaking 
protocols were used in the communications 
between low level production elements and the 
high level VB controller.  This helped to 
simplify the implementation of the high level 
controller and reduce the testing time required.

2009 - The laboratory was moved to a new 
building and the opportunity was taken to update 
the PLC's.  The new PLC's allowed RFID 
readers to be integrated directly and eliminated 
the need for students to interface via a SQL 
database.  This simplified the control 
architecture and provided a number of additional 
benefits.  Shuttle Identity and production 
sequencing information was stored locally on 
the RFID tag and as the shuttle moved through 
the different production stages the status of the 
shuttle tag was updated. 

2010 - Some of the oldest robots were replaced, 
and the laboratory was focused around the 
machining, assembling and testing of a small 
gear box.  The specification and guidelines for 
the 2010 Laboratory activity will be discussed in  
section six of this paper.

Research topics relating to the enhancements of 
the Laboratory activity.  This section of the 
paper provides discussion on the different 
technologies used to combat issues and 
problems identified in the Laboratory activity 
over the last ten years.  It provides examples of 
design changes that have promoted Type B 
knowledge development in students. The table in 
Figure 2 on the next page shows Solutions to 
Laboratory Problems, summarising solutions 
adopted for different issues observed.
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Some of the solutions adopted are fairly obvious 
and straight forward, for example, replacing old 
failing equipment with new equipment thus 
allowing students to focus on the activity at 
hand.  Other changes were more complex, 
requiring students to consider new concepts and 
techniques in the implementation of production 
control architectures.  These concepts included 
topical research areas such as Distributed 
Control Architectures, Intelligent Products and 
Product Driven Production Systems.  For many 
years research groups have examined how these 
concepts can be used to make production 
systems more flexible to product change, cater 
for customised products and reduce system 
modification / build times.  These capabilities 
are key to enabling Type B knowledge 
development in the laboratory and provide an 
environment where student groups can 
implement and test ideas quickly and reflect on 
actions taken.  It also enables some control 
measures and guidelines to be introduced to 
reduce the risk of project failures. 

The adoption of a distributed control 
architecture [6] enabled the scale and 
complexity of the control problem to be broken 
down into more easily handled chunks. 

 The control system was physically distributed 
across the three PLC's in the different 

production cells.  Multiple control programmes 
were implemented in each PLC and each 
programme dedicated to the control of a 
particular production element.  This provided a 
convenient way to break up the development of 
the control system between different students 
thus providing each with a level of autonomy in 
the development, experimentation and test of 
sub programmes.  It also provided a mechanism 
to customise the production sequence for 
individual products.  In Figure 3 on the next 
page Modular Production, shows the difference 
between a traditional production system with a 
set sequence of operations and the modular 
approach adopted in the laboratory.  This 
enables the production sequence to be 
customised depending on a products recipe. The 
circles represent the different production 
elements in the laboratory.

In the laboratory products are physically 
transported through each of the production 
elements on conveyor shuttles.  Conveyor 
shuttle routes can be adapted to allow the 
different production sequences to be achieved. 
Figure 4 in Section 5 shows the Laboratory 
production system layout.  The circles represent 
the different production elements, hexagons 
represent the location of radio frequency 
identification (RFID) readers and X represents 
the different decision points for routing shuttles.
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To enable shuttle routing decisions to be made, 
it is important to be able to identify shuttles at 
decision points on the conveyor system and 
follow a specified control strategy.  To achieve 
this, RFID technology was incorporated into the 
conveyor system.  HF (High-Frequency) RFID 
readers were installed at strategic routing / 

decision locations (e.g. immediately upstream of 
each production element) and passive RFID tags 
were attached to each of the shuttles. Status 
information about the shuttle could be recorded 
locally on shuttle tags; this could be updated at 
each read point as production processes were 
completed.

The incorporation of RFID tags onto shuttles 
and the association of product status information 
relates closely with ongoing research work in the 
area of intelligent products [7]. Where a 
product possesses a unique identification, it is 
capable of communicating, can retain or store 
data about itself and is capable of participating 
in or making decisions.  This is particularly 
useful in the manufacturing context as a product 
can effectively hold recipe information to 
sequence its own production process.

Within the Automation Laboratory activity, this 
mechanism provides a powerful tool to combat 
equipment or sub project failures.  Staff could 
intervene effectively, replacing parts on the 
shuttle and updating status information on the 

RFID tag. The shuttle can then 
continue, allowing other parts of the production 
line to be demonstrated, tested and critiqued.  
This also allows students within sub projects 
some level of independence when implementing 
and testing ideas; shuttles could be prepared and 
positioned for particular production elements. 

The complexity of the control solutions was also 
simplified, eliminating the need for a SQL 
interface to be developed for the acquisition of 
RFID data as in previous years. This 
dramatically improved the robustness of sub 
projects developed within the Laboratory 
activity and reduced the final integration and test 
time.

A new PLC software development suite called 
OMRON CX-Programmer was adopted. It 
supported four of the five IEC61131-3 
programming languages, Structured Text, 
Sequential Function Chart (SFC) and Ladder 
Logic. This provided the students with an 
integrated tool set that enabled better debugging 
and visualisation techniques than had been 
available in previous software tools (PetriLLD 
tool [8]). This enabled students to develop code 
faster and experiment with new ideas and 
concepts during the project. 

To ensure that students benefited from the 
concepts and infrastructure changes discussed 
above, they were encouraged to follow simple 
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guidelines when developing the high level 
production control strategy. This helped to 
simplify complex scheduling and deadlock 
issues that could arise on the conveyor system. 
The conveyor system consists of a main loop 
and three sub loops, with the majority of the 
production elements situated on the sub loops. 
To ensure continuous operation, shuttles were 
required to move freely around the main loop 
and only enter sub loops when a specific 
production element was free to be used.  If the 
production element was busy, a shuttle would 
continue to circulate on the main loop until it 
became free. Scheduling techniques could be 
incorporated depending on time available and 
how well the project was progressing.   

5. Overview of the 2010 Automation 
Laboratory Activity

The laboratory sessions associated with this 
(MSD) module are intended to give the 
students hands on experience of some of the 
tasks involved in the designing and building of a 
manufacturing system.  Each student will be 
involved in a task associated with the building of 
an automated system for assembly.

The time allocated to the laboratory session was 
around 70 hours per student, giving a total 

of 2030 man-hours.  Such a resource clearly 
needs effective management, and this is a crucial 
aspect of the exercise.

These sessions are intended to provide some of 
the skills and knowledge required to build 
automated systems.  The sessions are designed 
to mimic an industrial environment rather than a 
laboratory environment: a problem is set and 
resources, equipment, manuals etc. are provided 
but there are no detailed lab sheets specifying 
each step.  ‘Experts’ in each area are available to 
advise but, after initial guidelines, the 
organisation and decision making is in the hands 
of the students. Students will experience some 
best practice techniques, encounter the issues 
arising from teamwork, scheduling, 
communication and learn new skills.

Learning from these sessions contrasts with that 
of the more didactic forms of teaching; here 
learning will be by doing, and will have varying 
levels in various disciplines.  It is not simply at a 
technical level, e.g. learning how to programme 
a robot but it is about students 
planning, organising, acquiring information, 
problem solving and working together in 
groups.  Essentially an excellent learning 
environment is being provided, but the extent to 
which an individual student benefits will depend 
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on the effort expended and commitment made.  
Here the old adage, “you get out what you put 
in”, is a guiding principle.  

The Laboratory activity for 2010 was to develop 
a production system to manufacture a simple 
spur gear box, Figure 5 below shows a picture of 
the gear box to be produced.  The production 
process includes the machining of the two shells 
for the gear box housing from aluminium and 
meshing the two spur gears in the lower gear 
box housing, prior to the upper gear box housing 
being fastened in place. Finally the gear box 
operation is tested to ensure the gears rotate 
smoothly at the correct gear ratio. 

Figure 5

The manufacturing system to perform these 
tasks can be configured from the automation 

equipment in the Laboratory.  This equipment 
includes a CNC machine tool, various styles of 
robots, conveyor systems, fixtures, part feeders 
and assorted pneumatic and sensing devices.  
The system will be controlled by PLC's, and an 
RFID system linked to the conveyor system.  A 
typical configuration of the production system 
can be seen in Figure 4 above. 

The following section of the paper provides a 
basic description of the tasks the students have 
to perform in each of the cells.

5.1. Cell 1

The objective for this team was to develop 
an integrated system to machine the two 
Gearbox shells that form the major components 
of the Gearbox and pre locate / mesh the gear set 
in the lower Gearbox shell before the final 
assembly operation occurs in Cell 2.  The parts 
were machined on a five axis machining centre 
from four inch aluminium bar stock.  A number 
of features had to be designed and machined into 
the Gearbox shells.  These features included a 



Proceedings of the 2011 IEMS Conference

152

recess for the operation of the gears, holes to 
accommodate two gear shafts and appropriate 
tapped holes/ fastening holes to allow the final 
Gearbox to be assembled.

The dimensions and final configuration of 
the Gearbox was specified by this group, taking 
into consideration design for manufacture 
concepts and the resources available in the lab.

The machining operation made use of a Fanuc 
T-Bar Robot to load pre-prepared raw material 
into the machining centre from a Montech 
conveyor system.  Once machined, the parts 
were transferred to an inspection / assembly 
area, again using the Fanuc T-Bar Robot.  The 
inspection process was carried out by an Omron 
vision system to ensure machined parts met 
required part specifications.  A Fanuc Arm-Mate 
Robot was used to place / mesh a gear set from a 
local part buffer into the lower Gearbox shell.  
Once this had been completed the Gearbox 
shells were transferred back onto the Montech 
conveyor system via the T-Bar Robot.

5.2. Cell 2

The objective for this team was to develop and 
build a system for the assembly of the Gearbox. 
The system started with the incoming 
components arriving in a kitting tray on a 
Montech conveyor shuttle. (two Gearbox 
Shells).  The finished Gearbox assemblies were 
placed on a kitting tray and transported on a 
conveyor shuttle to the testing process.  Two 
robots, a rotary table and a screw feeder were 
used to perform the assembly operation.  One 
robot manipulated parts in the assembly 
processes, the other was fitted with a semi 
automated screwdriver to perform the final 
fastening of the gearbox shells with M3 torx 
screws.

5.3. Cell 3

The objective for this team was to design and 
develop an automated testing system.  The 
system was used to test the assembled gearboxes 
to ensure they operated correctly and at the 
correct gear ratio.  The testing system made use 
of a Fanuc Robot and a specially designed end-
effector to perform the required test operations. 
A functional specification for the cell defined 
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appropriate test procedures to be performed and 
the related pass or fail conditions.  Finished 
Gearboxes exited the assembly process through 
cell three and stacked either in a pass or fail 
area.

6. Student Survey Carried Out.
This paper promotes the necessity of Type B 
knowledge in an engineering environment and in 
doing so it identifies the characteristics that are 
required to enable this type of teaching.  With 
this goal in mind it has also reviewed 
technological developments that have taken 
place in the Automation laboratory.  To 
ascertain if students have benefited from these 
latest developments, a voluntary survey was 
carried out on 2010 manufacturing students after 
they had completed the laboratory activity.

The survey was designed to examine two 
questions:

Q1) Does the Automation Laboratory enhance 
tacit learning of Manufacturing Systems Design?

To answer this question, students were asked to 
consider if their knowledge on lecture topics 
provided in the MSD module had improved after 
they had carried out the laboratory activity.  This 
would demonstrate how classic Type A lecture 
based knowledge had been enhanced to achieve 
Type B knowledge.
Q2) Do the infrastructure and guidelines impact 
on the learning experience in the laboratory?

To answer this question, students were asked if 
they agreed / disagreed with a number of 
statements about the different technologies used 
in the Automation Laboratory activity.  This 
would demonstrate if students agree with 
statements made in this paper. 

6.1. Results from Student Survey. 

Figure 6 on the previous page shows the MSD 
lectures that most benefited from the laboratory 
activity.  Figure 7 above provides an indication 
of students' perceptions about the different 
technologies implemented in the laboratory 
activity. The results will be discussed further in 
the conclusions below.
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7. Conclusions
The Automation Laboratory activity has 
provided the opportunity for students to gain 
Type B Knowledge.  On examining the results 
of the survey, it can be seen that MSD lectures 
most enhanced by the Laboratory activity 
included, PLC programming, Project Planning 
& Fixture design.  These are all topics that 
require practical experience before an in-depth  
knowledge can be gained.

The infrastructure and guidelines used in the 
laboratory have been shown to be beneficial, 
with students aligning positively behind 
statements provided.  This is further encouraged 
by students positively agreeing that the 
laboratory has provided an environment to allow 
them to test ideas, a key characteristic of Type B 
learning. 

To be fair the response to the survey provided 
was limited, but it has provoked thought about 
how this could be carried out in future years in 
order to examine the performance of the 
Laboratory activity and ensure that future 
changes adopted provide positive outcomes.
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 Abstract 

In this paper, reliability analyses were carried 
out using time to failure data of incandescent 
lamps recorded under accelerated life 
conditions. The hazard plot showed that the 
failure rate increases over time. The data were 
analyzed using Normal, Lognormal, Maximum 
Extreme Value, Minimum Extreme Value, and 
the Weibull distribution plots and the 
corresponding coefficient of determinations. The 
results indicated that the Normal distribution 
best fits the data with a coefficient of 
determination of 0.9883 compared to 0.9595 for 
the Weibull distribution. The failure rate is 
relatively small until 1,000 hours and then it 
rapidly increases with time just as predicted 
from the hazard plot. The Mean Time to Failure 
(MTTF) was estimated to be 1,040 hours and the 
95% confidence interval for MTTF was found to 
be 936 – 1,196 hours.  

1. Introduction 
This case study focuses on reliability and 

maintainability of incandescent light bulbs. To 
accurately access the reliability of a product in 
use, a large number of samples are required to 
gain statistical confidence in assessment. The 
data used for this study were found in the 
JSTOR: Journal of the American Statistical 
Association, collected in 1952 by Davis [1]. 
Davis had a sample size of 10. There were 42 
samples in each test. A total of 420 incandescent 
light bulbs were tested and the data were 
recorded. Davis performed 3 reliability methods 

to test the data. First, he applied a χ2 index of 
dispersion, then checked for skewness and 
kurtosis, and finally constructed a histogram to 
verify the existence of Normality in the data set.  

In today’s society it is vital to have a reliable 
system because our lives may depend on it.  It is 
necessary to understand the various definitions 
of reliability and maintainability. Reliability can 
be said to be an item’s ability to perform. The 
definition of reliability as IEEE (1990) [2] 
states: The ability of a system or component to 
perform its required functions under stated 
conditions for a specified period of time.

A U.S. Military Standard, MIL-STD-721C 
[3], which is no longer in force, defined 
reliability as: 1) the duration or probability of 
failure free performance under stated conditions; 
2) the probability that an item can perform its 
intended function for a specific interval under 
stated conditions.

The British Standard BS 4778 Section 3.1 
(1991) and Section 3.2 [4] defines reliability as: 
The characteristic of an item expressed by the 
probability that it performs a required function 
under required conditions for a stated period of 
time.

Therefore, reliability can be expressed as a 
function of time or as it is commonly known the 
inverse of the probability of failure.

                       R(t) = 1 – F(t)         (1)

The most commonly assumed failure probability 
distributions are [5-11]: 
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 Exponential distribution is generally used for 
constant failure rate models. 

 Normal distribution, commonly referred to as 
Gaussian distribution is the most used 
distribution in statistics. In reliability, they 
are used for time-dependent failure rate 
models. Although the Normal distribution fits 
a host of phenomenon, it is generally not a 
reasonable representation for experimental 
data. 

 Lognormal distributions are usually used to 
describe failure caused by fatigue, 
uncertainties in failure rates, and other 
phenomenon. 

 Weibull distribution is widely used for brittle 
materials in modeling their distribution of 
times to failure and of their strengths. It 
works well for situations where the largest of 
many flaws is responsible for failure. 

 Extreme value distributions are good in 
situations where the number of variables or 
flaws is very large. Maximum Extreme Value 
distribution works well when several loads 
are applied to the system and the system’s 
failure depends on the maximum load.

 Minimum Extreme Value distribution is used 
as an alternative to the Weibull distribution. 

Maintainability, which goes hand-in-hand 
with reliability, is harder to concisely describe. 
For military systems the idea of an easily 
maintained and simplistic system has always 
been the design goal, but detailed research and 
studies of maintainability did not begin until the 
1950s. As the acquisition process matured 
through the 1980s and 1990s, a standard that 
was repeatable, observable, and capable of 
measuring and verifying this design goal was 
required. From this came the U.S. Department of 
Defense publication, MLK-HDBK-470A, dated 
4 August 1997 [12], that defines maintainability 
as: “The relative ease and economy of time and 
resources with which an item can be retained in 
or restored to a specified condition when 

maintenance is performed by personnel having 
specified skill levels, using prescribed 
procedures and resources, at each prescribed 
level of maintenance and repair. In this context, 
it is a function of design”.

Another definition of maintainability, from 
Wikipedia is [13]: “A characteristic of design 
and installation, expressed as the probability that 
an item will be retained or restored to a specified 
condition within a given period of time, when 
maintenance is performed in accordance with 
prescribed procedures and resources” (the ease 
with which maintenance of a functional unit can 
be performed in accordance with prescribed 
requirements).

In comparison with reliability, which 
measures an item’s ability to perform its 
intended function for a specified period of time, 
maintainability provides a measure of how 
quickly this same item can be restored to its 
appropriate operating mode or stated condition 
once a fault or failure has occurred. 
Maintainability is also a probability function 
measured as a function of time. The probability 
density function (PDF) of maintainability is 
given by:

             m(t) ∆t = P{t < t < t+∆t}                   (2)

               M(t) =  m(t’) dt’                      (3)

The instanteneous repair rate is given by:

             v(t) = [1-M(t)]-1 (d/dt).M(t)                (4)

The cumulative distribution function (CDF) of 
maintainability is expressed as:

            M(t) = 1 – exp[- v(t’).dt’]                (5)

While reliability and maintainability are 
important to military and commercial operators, 
the outcome of a reliable and maintainable 
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system is really the primary goal. In order to 
accomplish the primary goal it is necessary to 
comprehend system functions and operations. A 
complex system is well understood when broken 
down into simpler systems [5-11]. Therefore, to 
achieve a better understanding of the primary 
goal, a case study is considered quantifying 
reliability and maintainability of incandescent 
light bulbs’ accelerated life test data [6]. 

2. Methodology   
The data recorded by Davis [1] were used to 

construct a reliability plot and a hazard plot.  
The reliability plot provides an overall estimate 
of the reliability of the incandescent light bulbs. 
The hazard plot shows the failure rate of the 
light bulbs. If the hazard plot is concave up or 
concave down, then one can infer that the failure 
rate is increasing or decreasing respectively.  If 
the hazard plot is a linear graph this indicates 
that the failure rate is constant. 

A probability plot can be a very useful tool to 
estimate the parameters when applied to even 
small sample sizes of 30 or less. Having 420 
data points allows the probability plot to provide 
an accurate estimation of the data.  Five 
distributions were used to analyze the data:  
Normal, Lognormal, Maximum Extreme Value, 
Minimum Extreme Value, and Weibull. A 
regression analysis for each method finds the 
best fit of the data with a trend line in the form 
of, y = ax + b. The probability plots provide both 
a graphical and a quantitative estimate of how 
well the distribution fits the data. Further,        
nonparametric methods were used to construct 
the probability plots of the data. The Figures 3-7 
show the fit of the trend line to the data and the 
coefficient of determination (R2) value.  The 
coefficient of determination was calculated for 
each distribution and the distribution with the 
highest R2 value was chosen as the best fit. 

 Next, the data were divided into 10 groups 
based on failure time using an interval of 169.  A 
histogram was plotted with the frequency of the 

data in each interval. The histogram verified the 
findings of the probability plots.  For the Normal 
distribution, the mean value of the failure times, 
µ, estimates the mean time to failure (MTTF),

                         MTTF                      (6)

A 95% confidence interval was generated 
based on the MTTF values. The lower and upper 
confidence intervals for MTTF were obtained 
using equations (7) and (8) respectively:    
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For generality, the failure rate is treated as 
time dependent.  Equation (9) governs the 
failure rate as a function of time.
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The confidence interval for the mean value of 
the Normal distribution predicts the expected 
life of the bulbs. The lower and the upper 
confidence intervals were calculated using 
equations (10) and (11) respectively:  
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The z value for the Normal distribution was 
found using equation (12): 
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where µ is the mean and σ is the standard 
deviation of the Normal distribution.

Finally, the availability of the data was 
obtained. Since the light bulbs in the system 
cannot be repaired the availability of the system 
is equal to the reliability of the system. The 
maintainability of a system was obtained but 
provided little insight on the data. All the data 
were properly analyzed and final conclusions 
were made.

3. Results and Discussions  
The reliability plot of the data is shown in 

Figure 1. From the reliability plot one can see 
that after about 900 hours, the reliability of the 
bulbs decreases rapidly.  

Reliability Plot
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Figure 1. Reliability plot

The hazard plot in Figure 2 shows that the 
failure rate increases with respect to time.  This 
was evident due to the concave up orientation of 
the graph.  

Hazard Plot y = 0.0047x - 3.8809
R2 = 0.8297

-4.000

-2.000

0.000

2.000

4.000

6.000

8.000

0 200 400 600 800 1000 1200 1400 1600 1800

ti (hr)

H
(t)

Figure 2. Hazard plot

Plots for the parametric methods are shown 
in Figure 3-7. Figure 3 shows the Normal 

distribution plot for the data. The coefficient of 
determination for the Normal plot is 0.9883.

Normal Plot y = 0.0052x - 5.4068
R2 = 0.9883
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Figure 3. Normal distribution plot

Figure 4 shows the plot of the Lognormal 
distribution. The coefficient of determination for 
the Lognormal distribution was 0.9187. This is 
an acceptable value of R2 but not higher than 
that of the Normal distribution.  

Lognormal Plot y = 4.7713x - 33.082
R2 = 0.9187
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Figure 4. Lognormal distribution plot

Figures 5 and 6 are based on the Extreme 
Value Theory. This theory usually involves 
situations where the number of variables from 
which the data are gathered is large. The 
Maximum and the Minimum Extreme Value 
plots are shown in Figures 5 and 6 respectively.

Maximum Extreme Value y = 0.0064x - 6.1418
R2 = 0.9429
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Figure 5. Maximum Extreme Value plot
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Minimum Extreme Value y = 0.0064x - 7.2924
R2 = 0.9449
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Figure 6. Minimum Extreme Value plot

The coefficients of determination for the 
Maximum and Minimum Extreme Value plots 
were 0.9429 and 0.9449 respectively.  These are 
acceptable values of R2 but not higher than that 
of the Normal distribution. Figure 7 shows the 
Weibull distribution plot.  

Weibull Plot y = 6.1986x - 43.55
R2 = 0.9595
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Figure 7. Weibull distribution plot

The coefficient of determination for the 
Weibull distribution was 0.9595. This also is an 
acceptable value of R2 but not higher than that of 
the Normal distribution. The fitted model and 
the parameters estimated for each distribution 
are given in Table 1 and Table 2 respectively. 

Table 1. Fitted models 
Distribution Equation y = ax + b

Normal y = 0.0052x - 5.4068
Lognormal y = 4.7713x - 33.082
Maximum 

Extreme Value
y = 0.0064x - 6.1418

Minimum 
Extreme Value

y = 0.0064x - 7.2924

Weibull y = 6.1986x - 43.55

Table 2. Estimated parameters using 
various distributions

Distribution Calculated Parameters
σ =192.31

Normal R2=0.9883
µ=1039.77
ω=0.2095

Lognormal R2=0.9187
to=1026.12
θ=-156.25Maximum 

Extreme Value
R2=0.9429

u=959.66
θ=156.25Minimum 

Extreme Value
R2=0.9449

u=1139.44
m=6.1986

Weibull R2=0.9595
θ=1125.27

To verify the results from the above 
distributions with a histogram, the data were 
broken down into 10 groups.  Each group had an 
interval of 169. The number of occurrences in 
each interval was tallied and a histogram was 
constructed showing the results.  The final count 
for each interval is presented in Table 3 and 
Figure 8.

  
Table 3. Histogram data

Interval
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169
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Frequency 0 1 0 12 41
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Frequency 131 143 72
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Frequency 15 5
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Figure 8. Grouped data histogram
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The histogram shows that the data does fit the 
shape of the bell curve supporting the decision 
that the Normal curve was the best fit for the 
data.  

The MTTF for the data was found to be 
1039.77 hours. This was obtained using the 
relationship defined in equation (6). The 
confidence intervals found for the MTTF are 
shown in Table 4. Figure 9 shows the confidence 
interval plotted against the data.

Table 4. Confidence interval for MTTF
MTTF Confidence Interval

MTTF=1039.77 90% 95%
Lα/2,N = 987.781 935.79
Uα/2,N = 1,143.75 1,195.74

Plot of Data with MTTF Confidence Interval
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Figure 9. Plot of data with 
MTTF confidence interval

The failure rate was obtained using equation 
(9). The resulting plot, shown in Figure 10, was 
generated using equation (9).  

Table 5. Confidence interval for the mean of 
the Normal distribution

Normal Confidence Interval
µ=1039.77 90% 95%

Lα/2,N = 1,024.33 1,021.38
Uα/2,N = 1,055.21 1,058.16

The failure rate is relatively small until it 
reaches 1,000 hours. Once it reaches 1,000 
hours, the failure rate rapidly increases with 
time.  Using the parameters given in Table 1 for 

the Normal distribution and equations (10) and 
(11), the 95% confidence intervals were 
calculated. The results are presented in Table 5.

Figure 10. Failure rate plot

The availability of the system is equal to the 
reliability of the system and it is shown in 
Figure 1. The maintainability of the system is 
zero because there is no repair time for the 
incandescent light bulbs.

Maintainability

In spite of the reliability and low cost of 
light bulbs, they do not tend to last long. They 
tend to fail based on the following four types of 
failure modes:
 Breakage of the glass bulb;
 Sealing failure is when the bulb's 

atmospheric seal is broken and oxygen 
enters the bulb. The filament within the bulb 
burns up immediately. The cause of such 
failure is due to bulbs being screwed too 
tightly into sockets;

 Long term failure is when the filament 
wears out causing the electrical resistance to 
increases and thus leading to no current 
flow. The bulb gets very dark and the 
electrical contact at the base of the bulb 
begins to burn;

 Thermal shock is the most common type of 
failure mode which occurs as soon as the 
switch is turned on and the bulb produces a 
bright light causing failure. The reason for 
failure is due to the flow of current at the 
speed of light into the filament causing the 
filament to oscillate until it breaks. 
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Therefore light bulbs that are always “ON” tend 
to last longer [14].

4. Conclusions
The Normal distribution provides the best fit 

with an R2 value of 0.9883 while the Weibull 
was the second best with an R2 value of 0.9595.  
Two different methods were used to compile 
95% confidence intervals. The failure rate was 
found to be increasing with time and the MTTF 
was estimated to be 1,039.77 hours. The lower 
and upper confidence intervals were found to be 
935.79 and 1,195.74 hours respectively. 

The lower and upper confidence intervals for 
the mean value of the Normal distribution were 
found to be 1,021.38 and 1,058.16 hours 
respectively.  The interval on the histogram plot 
which had the highest frequency of failure was 
1,014-1,183 hours.  

Therefore, in order to prevent 95% of light 
bulb failures the bulbs should be replaced after 
935.77 hours of use. 
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 Abstract 

This live case study examines Cravings 
Truck, a mobile diner in Tallahassee, FL. Using 
Pro Model Simulation software, the study 
determines customer frequencies, arrival times, 
and other variables to create a simulation of the 
company processes. 

1. Introduction 

The purpose of this paper is to gain insight 
into the business processes of a mobile dinner. 
Ultimately, our research will allow us to use a 
computer to simulate the supply chain process 
for Cravings Truck.

Cravings Truck is a mobile diner specializing 
in sweet potato fries, sweet potato waffles, red 
velvet waffles, and fried chicken.  Owners 
Kianta Key and Jonathon Sellers live by the 
philosophy “eat what you want!” This mobile 
diner has been roaming the streets of Tallahassee 
since Saturday, August 21, 2010. 

Because Cravings Truck is a mobile diner, 
they work in shifts from lunch (11:00AM-
2:00PM) and dinner/late night (6:00PM-
12:00AM). Some summary data are as follows:

Number of Customers (total for day):
Wednesday/Friday afternoons = 124
Thursday evenings = 16
Saturday morning = 41 

Location of Mobile Diner:
Wednesday/Friday afternoons: Across the 

street from Perry Paige on the campus of Florida 
A&M University
Thursday evening:  Engine Room 
Saturday morning: Downtown Marketplace

Customer Demographics:
Wednesday/Friday afternoon: Majority 
FAMU students between the ages of 18-24 and 
FAMU faculty ages 25 and up. 
Thursday evening: Primarily students’ aged 21 
and up.
Saturday morning: Diverse crowd of all ages. 

Most Popular Menu Items:
Fried chicken and red velvet waffles are the 

most popular items. Cravings Truck ran out of 
red velvet waffles on Friday. Saturday Cravings 
Truck ran out of French fries, sweet potato fries 
and bottled water and soda. 

2. Customer Data Classification

To determine a proper distribution fitting for 
classifying the customer order times at Cravings 
Truck, we analyzed the differing schedules and 
locations of the restaurant: (See Figure 1.) 

To develop our histogram we observed the 
time between customer arrivals and summed 
occurrences of the various intervals. The total 
time elapsed during this observation on 
Wednesday and Friday on FAMU’s campus was 
three hours. This histogram reflects an 
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exponential distribution with  peak time between 
arrivals of 0-1 minute, and 62 occurrences.

Thursday evenings from 9:00PM to 1:00AM 
Cravings Truck is located in front of the Engine 
Room. The Engine Room is a small nightclub 
with a primary market of college students over 
the age of twenty-one. To develop this 
histogram we observed the time between 
customer arrivals and summed occurrences of 
the various intervals. The histogram reflects an 
exponential distribution with peak time between 
arrivals of 0-12 minutes, with 12 occurrences 
and a total of 16 customer visits. (See Figure 2.)

 Saturday morning from the hours of 
10:00AM and 2:00PM, we observed a steady 
flow of customers at the restaurant’s location 
downtown. To develop our histogram we 
observed the time between customer arrivals and 
summed occurrences of the various intervals. 
This histogram reflects and exponential 
distribution with peak time between arrivals of 
4-6 minutes. (See Figure 3.) 

3. Project Description

Supplier Information:
The raw materials we are focusing on with 

regards to the company’s suppliers are the 
ingredients needed to make these products: raw 
meats (chicken, sausage, etc.), waffle batter; and 
produce needed for cabbage and other 
vegetables. The suppliers that these raw 
materials are ordered from are Henry’s Meats 
(located at 1812 S. Monroe Street in 
Tallahassee, FL) and Sam’s Club (located at 
3122 Dick Wilson Blvd. in Tallahassee, FL), as 
well as produce bought from local farmers (at 
farmers markets) in southwest Georgia, 
southeast Alabama, and northwest Florida. The 
materials are ordered on an as-need basis – 
which is becoming a more frequent process as 
the business operations and demand are 
increasing. All meats are ordered every two days 
over the phone from Henry’s Meats; dry 
products are ordered online as they are needed 

from Sam’s Club. Produce is bought as needed 
from local farmers and all materials are picked 
up and transported from the suppliers by the 
company owners. 

Once perishable materials (meat, etc.) 
are bought and picked up, they are stored at 
Henry’s meats. On the morning of each business 
day, the Cravings Truck owners go to Henry’s 
Meats to prepare the various foods that are to be 
sold (e.g. meats and waffle batter), and then 
transport them to the actual restaurant site. The 
prepared items are stored inside a refrigerator 
and deep freezer inside the truck where they are 
cooked and finally served to customers.

The restaurant owners do see some 
opportunities for improvement as it pertains to 
dealing with their suppliers and related 
processes. For example, they would like to find 
a more reliable facility to use when it comes to 
storage and preparation of their products versus 
Henry’s Meats. Also, the owners would like a 
more direct access to suppliers and to use more 
local farmers instead of having to shop at 
corporations such as Wal-Mart and Sam’s Club. 
They believe these opportunities can be better 
utilized once the mobile restaurant grows in 
business.

4. Process Descriptions

Time Taken to Place Orders:
The first location in the service operations 

process at Cravings Truck is when customers 
approach the order window to place and pay for 
their food orders with an operator. Based on our 
observations, customers took from less than a 
minute to 2 minutes to order their food (as 
shown in the tables below), with 1 minute being 
the most frequent case. The histogram below 
depicts a normal distribution type for the data 
collected. 

(See Table1. Data: Times to Place Orders)
(See Table 2. Frequency of Times to Place 

Orders)
(See Figure 4. Histogram of Times to Order)
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Time Taken to Cook Orders:
After placing an order, the final step of 

the operations process at the mobile restaurant – 
before customers exit the system of course – is 
when they receive their order. Although the wait 
times to receive food orders (which encompass 
the process of cooking and preparing the food 
for customers) ranged between 14 minutes and 
25 minutes, the most frequent case is between 20 
and 21 minutes. The histogram below depicts a 
normal distribution based on the data collected1.
(See Table 3. Data: Times to Cook Order)
(See Table 4. Frequency of Times to Cook 
Order)
(See Figure 5. Histogram of Times to Cook 
Order)

5. Chi- Square, Goodness-of-Fit Test

Time Taken to Place Orders:
Based on our observations thus far, we 

have developed a null hypothesis (H0) stating 
that the times customers take to place orders at 
Cravings Truck are normally distributed. Thus, 
the alternative hypothesis (H1) for this would be 
that the times taken to place orders at Cravings 
Truck are not normally distributed. To test our 
hypothesis, we use the nine steps outlined by the 
Chi-Square, Goodness-of-Fit test, which are as 
follows:

1. Analyze the data and infer an 
underlying distribution.

2. Create a frequency distribution 
of the data with equiprobable cells based 
on the inferred distribution.

3. Calculate the expected 
frequency (ei) for each cell.

4. Adjust the cells if necessary so 
that all expected frequencies are at least 
5.

1 Based on the definition of normal distribution as 
described in Simulation Using Promodel, 2nd Edition 
(2004) by Dr. Charles Harrell, Dr. Biman K. Ghosh 
and Dr. Royce O. Bowden.

5. Calculate the chi-square test 
statistic.

6. Determine the number of 
degrees of freedom (k – s – 1).

7. Choose a desired level of 
significance (α). 

8. Find the critical chi-square 
value from the chi-square table. 

9. Reject the distribution if the chi-
square statistic exceeds the critical 
value.

We have already inferred an underlying 
distribution based on the data observations 
below, as previously stated in the null 
hypothesis.
(See Table 5. Observed Times to Place 
Orders)

Based on the mean of the data observations, 
we have calculated mu (μ) to be 50.21. In 
addition, to determine an appropriate number of 
cells (k), we used the rule of thumb k = (2n) 1/3. 
Because we have 33 observations total thus far, 
the suitable number of cells to use is 5.

To determine the degrees of freedom, we 
took k – 1, making sure to take into account the 
two estimated parameters (mean and standard 
deviation), giving us 2 degrees of freedom. We 
chose a 0.05 level of significance (α). Based on 
equal probability of falling in each cell, the 
probability (pi) is 0.20 (see calculations below). 
The Frequency Distribution table to follow 
provides a look at our computations for test 
steps 3 through 5.

μ=50.21
k = (2n)1/3 = (2*33)1/3 = 4.041 ≈ 

5
pi = 1/5 = 0.20

(See Table 6. Frequency Distribution for 
Times to Place Orders)
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Hence, our calculated chi-square statistic is 
3.212 – using the normal distribution function 
f(x) = (1 / √(2∏σ2)) * exp (- [x - μ] 2 / 2σ2): 

To solve for each of the 5 intervals:
x = μ + zσ

   Interval at 0.20 probability:
   z-score = -0.84
x = μ + zσ = 50.21 + -0.84*28.06
x = 26.64

Interval at 0.40 probability:
z-score = -0.24

x = μ + zσ = 50.21 + -0.24*28.06
x = 43.48

    Interval at 0.60 probability:
    z-score = 0.26

x = μ + zσ = 50.21 + 0.26*28.06
x = 57.51

Interval at 0.80 probability:
z-score = 0.85
x = μ + zσ = 50.21 + 0.85*28.06
x = 74.06

From tables we find the critical chi-square 
value to be 5.991. 

Because the χ2 statistic (3.212) does not 
exceed the critical value (5.991), we fail to reject 
our null hypothesis (H0). Thus, we accept the 
null hypothesis that the times taken to place 
orders are normally distributed with a mean of 
50.21.

Time Taken to Cook Orders:
To analyze the times taken to cook 

orders for customers at Cravings Truck, we have 
developed a null hypothesis (H0) stating that the 
times taken to cook orders are normally 
distributed. The alternative hypothesis (H1) for 
this would then be that the times taken to cook 
orders at Cravings Truck are not normally 
distributed. To test our hypothesis, we use a 

similar process as used previously – again based 
on the Chi-Square, Goodness-of-Fit test.
(See Table 7. Observed Times to Cook Orders)

Based on the mean of the data observations 
above, we have calculated mu (μ) to be 19.42 
and determined an appropriate k to use to be 5 – 
again giving us a probability (pi) of 0.20 (see 
calculations below). Please see the Frequency 
Distribution table below to see the steps taken to 
calculate the chi-square statistic.

μ = 19.42
k = 2n1/3 = (2*33)1/3 = 4.041 ≈ 5
pi = 1/5 = 0.20

(see Table 8. Frequency Distribution for 
Times to Cook Orders)

Hence, our calculated chi-square statistic is 
2.303 – using the same normal distribution 
function used above.

To solve for each of the 5 intervals:
x = μ + zσ

Interval at 0.20 probability:
z-score = -0.84

x = μ + zσ = 19.24 + -0.84*2.49
x = 17.15

Interval at 0.40 probability:
z-score = -0.24
x = μ + zσ = 19.24 + -0.24*2.49

Interval at 0.60 probability:
z-score = 0.26
x = μ + zσ = 19.24 + 0.26*2.49
x = 19.88

Interval at 0.80 probability:
z-score = 0.85
x = μ + zσ =19.24 + 0.85*2.49
x = 21.35

We determined the degrees of freedom, to be 
2 and again chose a .05 level of significance (α). 
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Based on these two numbers (χ22,0.05), we found 
the critical chi-square value to be 5.991. 

Because the χ2 statistic (3.516) does not 
exceed the critical value (5.991), we fail to reject 
our null hypothesis (H0). Thus, we accept the 
null hypothesis that the times taken to cook 
orders are normally distributed with a mean 
19.42.

6. ProModel Simulation

To build a simulation of the Cravings Truck 
service processing system (represented in 
seconds), we input the following information:

 3 Locations:
o “Waiting to Place 

Order” (which is a queue/line 
with infinite capacity)

o “Placing the Order” 
(which is synonymous with the 
“Time to Place Order” data 
above and has a capacity of 1)

o “Waiting to Receive 
Order” (which is synonymous 
with the “Time to Cook Order” 
data above and has an infinite 
capacity)

 1 Entity:
o “CT Customer” who 

moves through the system
The processes and routings that the 

customers go through, as described in previous 
sections, were defined using the processing 
component of ProModel. 

We decided to run the simulation for 40 
hours, which represents 2 operating weeks for 
Cravings Truck (i.e. 5 hours per day, 4 days per 
week) and with 1 replication. From the 
simulation it was found that the average time a 
customer waits in the queue (line) to place an 
order is 0.25 minutes; the average time spent 
placing an order is 0.85 minutes; the average 
time waiting to receive an order is 19.34 
minutes; and the average time a customer spends 
in the overall Cravings Truck system is 20.50 

minutes. The utilization of Cravings Truck is 
23.12%, and 649 customers are served in 40 
hours (or 16.23 customers per hour). The 
maximum number of customers waiting to place 
an order is 3 (the average is only 0.07 
customers); the maximum number of customers 
waiting to receive an order is 14 (the average is 
only 5.26 customers); and the maximum number 
of customers placing an order is 1 – of course 
based on the capacity specifications (the average 
is only 0.23 customers). 

According to the data collected and analyzed 
above, it is fair to say that the simulation 
produced in ProModel is a fair depiction of the 
service processing system that is being explored 
with Cravings Truck.

7. Recommendations

Our recommendation is based on physical 
observations and the results of the ProModel 
simulation. The results shown from both 
observations and ProModel were the time to 
complete the entire system. The wait times are a 
direct result of the operations performed within 
the truck and preparing the food to order.  After 
considering all factors and thorough industry 
research, we recommend that Cravings Truck 
increase their food pre-preparation and have 
food ready to order, as opposed to the current 
system, which is cooked to order. 
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Figure 1. Wednesday/Friday (FAMU 
Location)

Figure 2. Thursday (Engine Room Location)

Figure 3. Saturday (Downtown Marketplace 
Location)

Figure 4. Histogram of Times to Order

Figure 5. Histogram of Times to Cook 
Order

Table1. Data: Times to Place Orders 

1 1 1 1 1
1 0 0 1 1
0 2 1 1 0
1 1 1 2 1
0 1 1 0 1
0 1 1 1
0 1 0 0
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Table 2. Frequency of Times to Place Orders

Table 3. Data: Times to Cook Order 

15 21 20 20 19
14 23 20 21 18
18 21 23 19 19
17 19 22 17 17
21 17 21 18 16
20 18 19 21
25 17 23 22

Table 4. Frequency of Times to Cook Order

Time
Count of Times to 

Order
14-15 2
16-17 6
18-19 9
20-21 10
22-23 5
24-25 1

Table 5. Observed Times to Place Orders

Table 6. ChiSquare test: Times to Place Orders

Cell 
(i) Interval

Obs.
Freq.
(oi)

H0

Probability
(pi)

H0

Expected
(ei) (oi-ei)2/ei

1 0 - 26.6 7 .20 6.6 0.024

2 26.6 - 43.5 9 .20 6.6 0.873

3 43.5 - 57.5 3 .20 6.6 1.964

4 57.5 - 74.1 6 .20 6.6 0.055

5 74.1 - ∞ 8 .20 6.6 0.297

χ2=3.212

Time Count of Times to Order
0 10
1 21
2 2

TOTAL 33

3
2 88 60 30 54

3
6 18 18 90 59

2
1 114 61 77 28

7
6 37 69 107 48

1
9 35 78 28 59

2
9 32 89 44  

1
3 67 20 21  

standard 
deviation = 28.06

mean = 
50.21
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Table 7. Observed Times to Cook Orders         
(minutes)

Table 8. ChiSquare test: Times to Cook Orders

Cell 
(i) Interval

Obs. 
Freq. 
(oi)

H0 
Probability 

(pi)

H0 
Expected   

(ei) (oi-ei)2/ei

1 0- 7.2 8 0.20 6.6 0.297

2 17.2 - 18.6 4 0.20 6.6 1.024

3 18.6 - 19.9 5 0.20 6.6 0.388

4 19.9 - 21.4 10 0.20 6.6 1.752

5 21.4 - ∞ 6 0.20 6.6 0.055
χ2=3.516

15 21 20 20 19
14 23 20 21 18
18 21 23 19 19
17 19 22 17 17
21 17 21 18 16
20 18 19 21  
25 17 23 22  

standard 
deviation = 2.49

mean = 
19.42
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Abstract 

The impact of organizational culture, 
management leadership style, and employee 
commitment on organizational outcomes has 
long been studied, but no clear answer exists for 
which concepts most affect organizational 
outcomes and increase productivity.  A key 
contribution of this study is the notion that they 
are interrelated and may work synergistically in 
improving outcomes. The author claims that the 
interaction of these elements, when combined, 
may produce a total effect that is greater than the 
sum of their individual elements.  A conceptual 
model was identified and used as the foundation 
for building hypotheses which were based on 
previous research. In this quantitative study, a 
survey of leaders and employees in a high-
technology organization was conducted. 
Questionnaires were utilized to collect data to 
address four research questions. Structural 
Equation Modeling was used to analyze the data 
gathered, and a path diagram was developed for 
this study using Analysis of Moment Structures 
(AMOS).

The results show that commitment does have 
an affect on culture, leadership does affect 
commitment, and commitment does affect 
leadership. The effects were both positive and 
significant implying that the leader has the 
ability to influence the commitment of the 
employees and that the commitment level of the 
employees affects the culture of the 
organization. However, leadership was found to 
have no significant impact on culture which was 
unexpected. It was believed that leadership 
styles could have a significant effect on 
establishing the culture of an organization 
because of their perceived interconnection. 

1. Introduction 
Early studies of organizational 

productivity generally begin with Frederick W. 
Taylor's [1] theories of scientific management 
and, more specifically, division of labor. 
Taylor’s theories included the belief that 
management’s responsibility was to plan work, 
and workers’ responsibility was to perform the 
assigned work tasks. These principles were 
implemented in many factories and often 
increased productivity; however, they also 
increased the monotony of work and 
subsequently did little to improve employee 
commitment or morale. While Taylor may have 
had the right idea for the time, it can be argued 
that he did not have the correct approach for 
today’s environment. The lack of worker input 
and involvement held over as an artifact of 
scientific management added to worker 
frustration. Taylor’s theory did not take into 
account external factors such as the leadership 
style exhibited by management, relationships 
among the workers, the culture of the 
organization, the motivation of the workers, or 
their input. Neither did he consider the differing 
personalities of workers and managers. 

Taylor's principles were developed in the late 
1800s, but are still being practiced today. Some 
managers are working to improve outcomes and 
boost productivity without realizing that they 
may be doing just the opposite. If, in an effort to 
boost organizational outcomes, increase 
revenue, improve customer service, and drive 
increased productivity, they constrain their 
employees, do not seek their input, and 
consequently stifle creative problem solving, 
their methods are misguided. Numerous external 
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factors are overlooked by managers who see 
harder or longer working employees as the only 
avenue to improvements to efficiency and 
productivity.

1.1. Conceptual Model 

The conceptual model for this study is 
presented in Figure 1. This model shows 
antecedents of factors that have been found to 
affect organizational outcomes. Arrows are 
shown to depict these relationships. 
Relationships exist between leadership style and 
culture, suggesting that a manager’s leadership 
affects an organization’s culture; between 
culture and commitment, suggesting that the 
culture of an organization affects an employee’s 
level of commitment; and between leadership 
style and commitment, suggesting that a 
manager’s leadership style directly affects an 
employee’s level of commitment to the 
organization and an employee’s level of 
commitment affects a leader’s style. Further, the 
belief is that all these concepts affect outcomes. 

As a result of this model, the following 
hypotheses were studied: 

Hypothesis 1 - No significant relationship exists 
between employees’ individual commitment and 

culture.

Hypothesis 2 - No significant relationship exists 
between employees’ individual commitment and 

management leadership style.

Hypothesis 3 - No significant relationship exists 
between employees’ perception of management 

leadership style and culture.

Hypothesis 4 - No significant relationship exists 
between employees’ perception of management 
leadership style and organizational commitment.

Hypothesis 5 - No significant relationship exists 
between employees’ perception of 

organizational culture and organizational 
commitment.

Hypothesis 6 - No significant relationship exists 
between employees’ perception of 

organizational culture and management 
leadership style.

1.2. Definition of Terms 
To situate this study, an explanation of the 

terms that are central to this study is needed. The 
following definitions were used: 
 
CULTURE 

Wallach [2] defined culture as: the shared 
understanding of an organization’s employees. 
Wallach labeled three separate organizational 
culture types as bureaucratic, innovative, and 
supportive. These types can be distinguished as 
(a) bureaucratic—structured, ordered, regulated, 
and power-oriented; (b) innovative—results- and 
risk-oriented; and (c) supportive—collaborative 
and relationships-oriented.

LEADERSHIP 
For purposes of this study, Bass’s [3] 

definition of leadership—the observed effect of 
one individual’s ability to change other people’s 
behaviors by altering their motivations—will be 
used. Leaders are characterized as one of three 
types: (a) transactional—one who uses rewards 
as a control mechanism to externally motivate; 
(b) transformational—one who uses rewards to 
increase commitment and internally motivate; or 
(c) laissez-faire—one who offers no feedback or 
support. 

 
COMMITMENT 

The definition of commitment that was used 
is: the strength of an individual’s identification 
with and involvement in a particular 
organization…characterized by three factors: (a) 
a strong belief in, and acceptance of, the 
organization’s goals and values; (b) a readiness 
to exert considerable effort on behalf of the 
organization; and (c) a strong desire to remain a 
member of the organization [4]. 
 
OUTCOMES 

Organizational outcomes are made up of 
subsets of performance areas, which are attached 
to each other and that the organization has 
decided to maximize, which then form a greater 
system or process [5]. 
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1.3. Research Methodology 

THE ORGANIZATION 
The organization used in this study was a 

large, high-technology organization offering 
services to the aerospace, energy, and 
environmental industries. The total population in 
the business unit was 725 individuals. The pilot 
survey sample consisted of 38 individuals, and 
the final survey sample consisted of 164. 
Employees used in the pilot study did not 
participate in the final survey. 
 
SURVEY INSTRUMENTS

Pre-established surveys were used to obtain 
measures of organizational culture, management 
leadership style, and organizational 
commitment. An additional questionnaire was 
developed to gather organizational outcomes 
from managers and top executives.

Culture. Wallach’s [2] Organizational 
Culture Index (OCI) was used to assess the 
culture of the organization. Wallach identified 
these culture indicators as bureaucratic, 
innovative, and supportive. The OCI was given 
to each employee and section manager to rate 
the culture in their section as well as the division 
manager or deputy to rate the culture in each 
section under their control. 

Commitment. Mowday, Porter, and Steers' 
[4] Organizational Commitment Questionnaire 
(OCQ) was used to assess the commitment level 
of the employee. The questionnaire measured 
motivation, intent to remain, acceptance of 
goals, and willingness to work hard. An OCQ is 
classified as an attitudinal measure of 
organizational commitment. 

Leadership. Bass and Avolio’s Multifactor 
Leadership Questionnaire (MLQ) 5X Short 
Form [6] was designed for analyzing leaders’ 
self-reported leadership 
styles—transformational, transactional, or 
laissez-faire—as well as employees’ perception 
of leaders’ styles and commitment to 
organizational outcomes. 

Organizational Outcomes. Management 
was asked questions designed to measure 
organizational outcomes. These questions were 
mutually agreed upon by the researcher and the 
management of the organization. Because of 
privacy concerns, the organization was not in 

favor of a more extensive list of questions 
recommended by the researcher. 

2. Analysis

2.1. Structural Equation Modeling

This study used structural equation modeling 
for statistical analysis of data. Structural 
equation modeling (SEM) is a statistical 
technique that integrates path and factor 
analysis. Path analysis, a subset of SEM, deals 
only with measured variables, and is the 
statistical technique used to examine causal 
relationships between two or more variables. 

After a thorough review of the literature, it 
was determined that leadership, culture, and 
individual commitment all have a direct affect 
on organizational outcomes. A more extensive 
literature review also revealed that leadership 
may affect culture and commitment while 
culture may only affect commitment. Figure 2 
shows the subsequent path diagram for these 
relationships that were created using Analysis of 
Moment Structures, or AMOS. As required by 
SEM, the measured variables are indicated by 
rectangles, latent variables by ellipses, and error 
terms by circles. The error terms represent 
residual variances within variables not 
accounted for by pathways hypothesized in the 
model. 

With six connections and using a ratio of 
20:1 as a guide, at least 120 samples were 
needed to adequately support the statistical 
precision of the results. The final results for this 
study contained 164 samples.

2.2. Results 

Numerous tests exist for assessing how well a 
model matches the observed data. Chi-square is 
the most common goodness-of-fit measure. In a 
full model, there is a direct path from each 
variable to each other variable. When one or 
more paths are missing, a reduced model is 
obtained. In this study, an analysis was 
performed to see which model is better. 

The Chi-square value is 72.2 with 44 degrees 
of freedom and a p-value equal to 0.005. Since 
this p-value does not exceed the alpha value of 
0.05, the null hypothesis is rejected, indicating 
that the model does not fit the data adequately. 
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It should be noted, however, that problems 
with Chi-square are known to exist. The main 
drawback with the Chi-square test is that it is 
sensitive to sample size, becoming more and 
more likely to reject the null hypothesis as the 
sample size increases. This is because as the 
sample size increases, the Chi-square statistic 
has a tendency to indicate a significant 
probability level whereas a decrease in the 
sample size results in a commensurate decrease 
in the statistic to nonsignificant levels [7]. 
Therefore, additional testing was done before 
drawing conclusions on model fit. 

One corroborating test of model fit is 
provided by the Root Mean Square Error of 
Approximation (RMSEA) statistic—a measure 
of fit introduced by Steiger and Lind [8]. The 
RMSEA estimates lack of fit compared to the 
full model. RMSEA differs from the Chi-square 
test in that it is sensitive to the number of 
parameters estimated and relatively insensitive 
to sample size. The AMOS 4.0 User’s Guide [9] 
suggests that an RMSEA value of 0.05 or less 
indicates a close fit of the model, and an 
adequate fit exists if RMSEA is less than or 
equal to 0.08. MacCallum, Browne, and 
Sugawara [10] added that RMSEA values 
ranging from 0.08 to 0.10 indicate mediocre fit, 
and those greater than 0.10 indicate poor fit. LO 
90 and HI 90 values, as shown in Table 1, 
indicate 90 percent confidence limits on the 
coefficient while PCLOSE tests the null 
hypothesis that RMSEA is no greater than 0.05. 
MacCallum et al. [10] contend that when a small 
RMSEA exists, with a wide confidence interval, 
it can be concluded that the estimated 
discrepancy value is quite imprecise. This then 
negates any possibility of determining an 
accurate degree of fit in the population. In 
contrast, a very narrow confidence interval 
would argue for good precision of the RMSEA 
value in reflecting model fit in the population 
[10]. 

As noted earlier, PCLOSE is a statistical 
significance test of the RMSEA and measures 
the p value by testing the null that RMSEA is no 
greater than 0.05. As shown in Table 1, the 
RMSEA value of this model is 0.063, indicating 
that the estimate is adequate. Evidence affirms 
that the estimate is correct since PCLOSE is 
0.204, which is greater than the 0.05 alpha 

value. Some experts suggest that the PCLOSE 
value should be greater than 0.5; however, the 
0.209 value was accepted since it is greater than 
the alpha value. As a result, the null hypothesis 
was not rejected, RMSEA is greater than 0.05, 
and thus it was concluded that the model fits the 
data adequately. Additionally, the 90 percent 
confidence of the RMSEA is within the bounds 
of 0.035 and 0.088. The upper bound of the 
confidence interval was fractionally higher than 
the suggested cutoff of 0.08, but this was 
considered mediocre according to MacCallum et 
al. [10]. Overall, given that (a) the RMSEA 
point estimate is adequate, i.e., 0.063 < 0.08; (b) 
the RMSEA point estimate is within the 90 
percent confidence interval; and (c) the 
probability value associated with this test of 
close fit is PCLOSE = 0.204, it was concluded 
that the model provides an adequate fit of the 
data. 

To establish greater confidence, an additional 
goodness of fit test was conducted. The 
Expected Cross-Validation Index (ECVI) is an 
approximation of the goodness-of-fit that the 
estimated model would achieve in another 
sample of the same size. It takes into account the 
actual sample size and the difference that could 
be expected in another sample. The ECVI also 
takes into account the number of estimated 
parameters for both the structural and 
measurement models. Application of the ECVI 
assumes a comparison of models whereby an 
ECVI index is computed for each model, and 
then all ECVI values are placed in rank order. 
The model having the smallest ECVI value 
exhibits the greatest potential for replication 
[11]. 

In assessing the ECVI results for the model 
presented here (the default model), as shown in 
Table 2, the ECVI value of 0.843 for the initial 
model is compared with the saturated model 
(ECVI = 0.939) and the independence model 
(ECVI = 6.313). A saturated model perfectly fits 
the data because it has as many parameters as 
there are values to be fit. An independence 
model on the other hand is one in which two (or 
more) random variables are independent of one 
another. Given the lower ECVI value for the 
default model, compared with both the 
independence and saturated models, the 
conclusion is that it represents the best fit to the 



Proceedings of the 2011 IEMS Conference

174

data. The precision of this estimated ECVI value 
can also be taken into account by examining the 
confidence intervals, which range from 0.724 to 
1.009. Taken together, these results suggest that 
the model provides a good fit and represents a 
reasonable approximation to the population. 
This conclusion supports the findings of the 
RMSEA. 

Next, we examined the reliability of the 
measures. Bollen [12] suggests that the Squared 
Multiple Correlation is an adequate measure for 
doing so. Fornell and Larcker [13] suggest that 
the magnitude of this coefficient should be 
greater than 0.5, which implies that more than 
50 percent of the variance of the item is related 
to what is being measured. The squared multiple 
correlation coefficients are shown in Table 3. 
The coefficients that meet the 0.5 threshold 
recommended by Fornell and Larcker [13] are 
shown as well as the coefficients that are below 
the threshold. The coefficients below the 
threshold were left in the model because 
removing them caused model instability in other 
significance tests. Their inclusion in the model 
allowed for the best fit.

Next, we examined the regression weights to 
determine if the coefficients are significant. The 
regression coefficients represent the amount of 
change in the dependent variable for each one 
unit of change in the variable predicting it. In 
Table 4, culture increases 0.013 units for each 
1.0 unit increase in leadership. The table 
displays the estimate, its standard error (S.E.), 
and the estimate divided by the standard error 
(C.R.). The p-value tests the null hypothesis that 
the covariance between two variables is zero in 
the population from which this sample was 
drawn. 

The regression coefficients in this model 
were found to be significant with the exception 
of the culture-leadership and commitment-
culture relationships. Of greatest concern was 
the culture-leadership relationship p-value of 
0.868, which is far beyond the 0.05 alpha level. 
Numerous model revisions were performed in an 
effort to reduce this value with no success. 
However, after further research, a change to the 
model was considered. It was determined that 
the link between culture and leadership be 
reversed, implying that the commitment level of 
employees affects the leadership style that the 

manager portrays rather than management 
leadership style affecting the commitment of the 
employees as the literature suggests. In an 
attempt to stabilize the model, this change was 
reluctantly made. The path model was changed 
to reflect this directional change in the 
commitment-leadership relationship, as shown 
in Figure 3. The revised model was re-run, and 
the new regression weights were analyzed. 

As shown in Table 5, the regression results in 
the revised model show a drastically reduced p-
value of the commitment-leadership relationship 
to far below the alpha level. However, the 
culture-leadership relationship increased to 
0.461, which was much higher than the previous 
value of 0.085. As a result, the relationship 
became nonsignificant. After several 
modifications and re-analyses, it was finally 
concluded that this refined model would provide 
the most stable results. The significant paths are 
shown in Figure 4. To verify this revised model, 
all of the previous analyses were redone using 
this revised model. 

The Chi-square value was reduced from 
72.189 in the initial model to 68.529 and the 
probability level from 0.005 to 0.01. Since this 
p-value does not exceed the alpha value of 0.05, 
the null hypothesis is rejected. The conclusion is 
the revised model does not provide an adequate 
fit of the data. This same conclusion was 
reached in the initial model and, once again, 
additional tests were conducted to verify model 
fit as was done for the initial model. 

As shown in Table 6, the RMSEA value in 
the revised model was reduced from 0.063 to 
0.058, which is slightly above the 0.05 criterion 
for a close fit. Thus, the value was considered to 
be adequate and provided greater confidence 
that this estimate is correct since PCLOSE is 
0.288. The hypothesis was not rejected since the 
p-value is greater than the 0.05 level of 
confidence. It is concluded that RMSEA is 
greater than 0.05. It is concluded that the model 
fits the data adequately. Additionally, the 90 
percent confidence of the RMSEA is within the 
upper bounds of 0.029 and 0.084. The upper 
bound of the confidence interval is fractionally 
higher than the suggested cutoff of 
0.08—considered mediocre according to 
MacCallum et al. [10]. Given that (a) the 
RMSEA point estimate is 0.058 < 0.08, (b) the 
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RMSEA point estimate is within the 90 percent 
confidence interval, and (c) the probability value 
associated with this test of close fit is PCLOSE 
= 0.288, the conclusion is that the initially 
hypothesized model provides an adequate fit of 
the data. 

The Squared Multiple Correlation values in 
Table 7 of the revised model noted minor 
changes. Some coefficients meet the standard set 
by Fornell and Larcker [13] while others were 
below the 0.5 threshold, but were left in the 
model because removing them caused model 
instability in other significant tests. Their 
inclusion in the model allowed for the best fit. 

3. Discussion and Conclusion
The first significant relationship among the 

data collected for this study demonstrated that 
leadership does in fact affect commitment. It 
was also determined that commitment affects 
culture. Both of these conclusions are not 
surprising since they support the findings in the 
research literature, which demonstrated that 
there is a link between these concepts. The 
effects were both positive and significant 
implying that the leader has the ability to 
influence the commitment of the employees and 
that the commitment level of the employees 
affects the culture of the organization. The use 
of regression analysis supported these findings. 

Leadership, however, was found to have no 
significant impact on culture. This was 
unexpected. Based on the literature, it was 
believed that leadership styles could have a 
significant effect on establishing the culture of 
an organization because of their perceived 
interconnection. As a result, further study is 
needed to determine the accuracy of this 
conclusion, necessitating the need to check to 
see if these results are consistent for broader 
ranges of conditions.

3.1. Managerial Implications 

The implications for managers are many. A 
common assumption is that the culture within 
the organization is directly linked to the 
outcomes of an organization, and that changes to 
culture traits will impact effectiveness. 
However, this study provided some preliminary 
evidence that this presumption alone may not be 

true. Evidence suggests that different cultures 
that are sensitive to either external conditions or 
internal conditions may have a different impact 
on organizational outcomes. An externally 
focused culture type impacts revenue, sales 
growth, and market share. It is a culture that 
brings together the elements of mission and 
adaptability. It is goal sensitive, but it is also 
ready to quickly react to market or consumer 
fluctuations [14]. In an internally focused 
culture, outcomes are significantly influenced by 
the extent to which a leader is supportive of 
followers and includes followers in decision-
making processes. Managers must be aware of 
this and manage both environments effectively 
to see outcome improvements. 

Although the results of this study do not 
confirm an association between leadership and 
culture, the literature shows that such a 
relationship does in fact exist and that 
associations between leadership styles and 
organizational outcomes are mediated by some 
form of organizational culture. In agreement the 
literature findings, the author contends that 
potential solutions to the difficulties associated 
with changing organizational culture may 
involve focusing on leadership style. While 
managing culture is at best difficult, changes to 
leadership styles may allow changes to culture to 
be more easily achieved. Thus, an effective 
manager can influence and manage culture since 
the impact of poor leadership skills 
demonstrated by leaders will have an effect on 
organizational outcomes and subsequently 
culture. Thus, training in organizational 
leadership is needed. Leadership training results 
in many benefits for both managers and 
employees. 

Additionally, organizations have to find new 
ways to create a committed workforce. 
Managers need to understand the concept of 
commitment and which behaviors are displayed 
by employees committed to the organization 
[15]. Successful organizations today must have 
managers who motivate and inspire their 
employees. Successful managers must see 
themselves not just as bosses, but as 
performance coaches. A manager must be able 
to provide employee training, help employees 
enhance their careers, and mentor them to 
become the best they can be.
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3.2. Theoretical Implications 

Overall the results supported most of the 
literature findings of the interrelationships 
between the engineering concepts; however, 
conclusive evidence could not be obtained on 
the effect that these relationships had on 
organizational outcomes due to the lack of 
organizational outcome data. Only 10 percent of 
the responses were returned. This data proved to 
be inadequate in drawing conclusions on 
organizational outcomes. This low response was 
mainly attributed to management’s concern for 
privacy. While the study did receive support 
from top management, it appears that mid-level 
managers were not comfortable providing such 
confidential data. 

3.3. Conclusion

The results of this study provided initial 
support for the presumed relationships among 
the conceptual model presented in the study and 
therefore do validate a number of ideas for 
organizations interested in knowing how to 
improve organizational outcomes; however, 
these findings need to be further validated with 
additional studies on a more diverse population. 
Organizations and managers may infer from this 
study that a linkage exists among several of the 
engineering management concepts presented. 
The results suggest that a relationship exists 
between leadership, positive individual 
commitment, and the right culture. What 
remains to be proven is if this may indeed lead 
to heightened organizational outcomes. Thus, 
while these concepts have long been studied and 
supported in popular management literature, a 
key contribution of this study is the notion that 
they are interrelated and that they may work 
synergistically in their effect upon 
organizational outcomes in high-technology 
organizations. After careful consideration, this 
researcher hopes that this study may shed light 
on some new linkage between leadership, 
commitment, and culture; and recommends that 
future studies increase the number of subjects 
from various types of organizations. 
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Figure 2.  AMOS Path Diagram

Figure 3.  AMOS Path Diagram (Revised)
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Figure 4.  Significant Paths

Table 1.  RMSEA (Initial)
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Table 4.  Regression Weights (Initial)
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 Abstract 

It is a widely accepted fact that we are 
currently depleting the available natural  
resources of fish in the marine and freshwater 
environment..  Some experts have presented a 
few possible solutions to restore the numbers of 
freshwater fish, and bring some of the critically 
endangered species’ populations back to 
acceptable levels.  The possible solutions 
include:  (1) sustainability of yields, (2) habitat 
management (3) government regulation and 
protection, (4) targeted size composition of 
catches, (5) cap and trade on the size of the 
catch, and (6) eco-friendly seafood-buying 
practices by large commercial chain restaurants.  
While all of these solutions are good ideas, there 
is no general agreement by the experts as to 
which is the best choice to be acted upon. 
Different organizations issue awards and 
certifications to promote sustainability. 

1. Introduction 
It is a well established fact that we are in the 

midst of a crisis regarding our natural resources 
of fish.  If we do not change the behavior of 
consumers and commercial fishing operations, 
we will have depleted the number of fish 
available to a critical level.    

2. Overfishing in inland fresh waters 
and possible solutions

While the issue of overfishing of marine 
waters is fairly well known, there is also a 
problem of overfishing in inland fresh waters, a 
problem little known to the general population.     
The overfishing of inland waters causes a 

decline in the numbers of different species 
surviving in the wild.  This problem does not 
affect any one particular species or exist in just 
one country; it is a global problem that many 
people are completely unaware of.  However, 
overfishing does usually happen in more rural 
and poorer settings where people depend upon 
the fish as a prime source of food [1].
     There are three possible solutions presented 
currently to remedy the situation: (1) 
sustainability of yields, ( 2) habitat management, 
and (3) government regulation and protection 
[1].

2.1. Sustainability of yields

To accomplish the goal of sustainability of 
yields fish are being purchased from hatcheries 
and released into the environment.  Stocking is 
the most prevalent technique and the easiest 
management technique in use today.  However, 
this technique may not be the best choice.  When 
re-stocking a lake, care must be taken as to 
which species are introduced into the current 
population.  There could be detrimental effects if 
a species is chosen that does not or cannot exist 
and live well together with the current species in 
that body of water.  In addition, even if the re-
stocked fish are of the same species, re-stocking 
can still be detrimental to the current population 
due to genetic imperfections of the stocked fish 
as the “new” fish put into an established 
environment may have disease that could spread 
to the entire population within that body of 
water [2].
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There are three management techniques in 
regards to sustainable yields: Maximum 
Sustainable Yield (MSY), Maximum Economic 
Yield (MEY), and Optimal Sustainability (or 
Social) Yield (OSY). The Maximum Sustainable 
Yield was developed between the 1900’s and 
1950’s (also called the conservation paradigm).  
The main focal point of the MSY was 
conservation based upon the public’s growing 
awareness of conservation and was developed 
after the industrial revolution. The main 
accomplishments of this type of management 
were the scientific data generated regarding the 
populations of fish.  However, this technique did 
not produce the desired effect.  The populations 
of fish still declined.  

The Maximum Economic Yield (MEY) is a  
management practice, that aims to reduce costs 
and increase profits at the same time.  In this 
management technique, the size of the catch is 
not necessarily a factor as long as the fishery is 
making enough profit.  While this makes 
economic sense, this practice could still lead to 
diminished populations.  

The third type of management practice is the 
Optimal Sustainability (or Social) Yield (OSY).  
This technique was developed in the 1970’s.  
Managers were using information gathered from 
multiple sources to sustain the populations of 
fish they are responsible for.  It is sometimes 
called “multiple species management”.  The 
main goal of this approach is to create a unique 
environment that sustains the entire ecological 
body not just one single element within that 
body for each managed area.  This approach 
takes into account many factors from different 
perspectives, and even accounts for sociological 
issues pertaining to the specific environment.  
The only drawback so far is that managers have 
trouble identifying what is each fishery main 
goal, due to a lack of good data for the managers 
to work with.  It is more difficult to get accurate 
records for inland waters due to the diversity and 
number of non-commercial fishermen, and the 

various processes of fishing, (e.g. fishing for 
sustenance, or fishing for sport) [2]. 

2.2. Sustainability of yields

       Habitat management is an important issue as 
“71% of all known species extinctions are from 
various forms of habitat alteration” and “only 
3% were because of overfishing” [2]. It is the 
general belief that if we act in a more 
responsible way when harvesting fish, the fish 
will have a better chance to reproduce and 
flourish.  There are a few dimensions to this 
solution.  The first is the eco-system and how we 
interact within it in order to find ways to harvest 
fish without causing pollution, and damaging the 
environments where the fish reproduce.  The  
habitat management  could be accomplished by: 
building of fishing platforms with minimal 
disturbance to the environment, redesigning 
fishing gear so as not to damage the eco-system 
and collecting all of the gear and equipment 
used not leaving any behind to pollute the 
environment.  Habitat management is an 
important issue as “71% of all known species 
extinctions are from various forms of habitat 
alteration” and “only 3% were because of 
overfishing” [2].

2.3. Government regulation and protection

Currently, government regulation and 
protection is the most prevalent type of 
population management for freshwater fish.  
These types of regulations have been in use 
since the 13th century.  In this form of 
management, governments require licensing to 
fish, seasons are set for different species, and 
usually there are limits as to the size and number 
of fish allowed to be caught and kept.  One 
problem with this type of management is that 
these regulations are decided by general 
consensus, not biological factors and the 
enforcement is both difficult and very expensive.  
Evidence suggests that this form of management 
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does not lead to long-term increases to 
population.

 The most significant piece of fisheries 
legislation passed is the   Fishery Conservation 
& Management Act (FCMA) of 1976 (HR 200) 
also known as the Magnuson –Stevens Act. The 
Magnuson-Stevenson Act   succeeded in gaining 
U.S. control of fisheries of the U.S.  Exclusive 
Economic Zone (EEZ) and in developing the 
system of federal management of fisheries but 
failed in preventing the overfishing of many 
spices. In response to conservation and fishing 
groups Congress amended the Magnuson FCNU 
during the 1996 with the reauthorization with 
Sustainable Fisheries Act that among other 
issues prohibited overfishing, called for a 
reduction of a “by-catch”, and called for 
protection of fishing communities [3]. Earlier 
pieces of legislation include the 1966 
Convention on Fishing and Conservation of 
Living Resources of the High Seas, the 1972 
Marine Mammal Protection Act, and the 1972 
Marine Protection, research and Sanctuaries Act 
which established the National Marine 
Sanctuaries Program [4].

3. The overfishing in the marine 
environment

The problem in the marine environment is 
much the same as for inland waters although the 
problem is more widely know.  Fish are being 
harvested faster than they can reproduce.  The 
conclusive evidence of this is the size of the take 
for commercial fisheries continues to diminish 
over time.  As the fish populations diminish, 
problems are now happening within the marine 
eco-system.  Animals who feed on these fish are 
facing scarcity of their food-source, and their 
numbers are also dwindling now.  There are a 
couple of potential solutions presented; however 
none have been accepted as regulation yet.

3.1. Adverse effects of commercial fishing 
in marine ecosystems

As the human population grows, so does our 
requirement of fish & shellfish.  At the same 
time, as we harvest more and more fish & 
shellfish, we are quickly depleting our resources.  
It is speculated that by “2020, 75% of the 
world’s population will live within 60 km from 
the coast.” [5]. As more people are moving to 
coastal regions, they will drastically increase the 
amount of pollution occurring.  This will have a 
detrimental effect on the marine fish as well as 
the mammals that consume these fish. 

3.2. Adverse effects of commercial fishing 
on non-target species

One of the issues of overfishing in the marine 
environment is the reduction in the food-source 
for other marine mammals which could lead to 
reduction in the population of these marine 
mammals.  As commercial fisheries try to raise 
the amount of fish they bring in, they are in 
direct competition with these marine mammals 
using the same fish for sustenance.  The easiest 
solution for commercial fisheries is to reduce the 
number of these marine mammals, an approach 
referred to as a “predator control program” [5].  
If this practice continues, humans will continue 
to reduce these populations possibly into 
extinction if no control regulation is established. 

3.3. Three possible solutions   to counteract 
overfishing in the marine environment

The three potential solutions to counteract 
overfishing in the marine environment include: 
(1) management of the targeted size and 
composition of catches, (2) cap and trade on the 
size of the catch, and (3) eco-friendly buying 
habits of large chain restaurants. 

 The management of the targeted size and 
composition can be accomplished by: (1) 
reducing the amount of “by-catch” totals 
through the installation of observers on each 
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fishing vessel, (2) closely monitoring  the 
numbers of harvested fish in multi-species areas 
and shutting down the fishery if the quantity of 
any of the species within that fishery reaches 
harvest guidelines or allowable catch limits, (3)  
establishing  areas that are off limits for fishing 
giving the fish places to escape to and   a chance 
to grow and to reproduce uninhibited, and (4) 
creating a “harvest-priority” for fishermen by 
giving those that obey by the rules a  preferential 
treatment allowing them to start their season 
earlier than those fisheries that have not 
followed these rules  encouraging the fisheries to 
comply with the low by-catch rules [1].  

In order to implement cap and trade on the 
size of the catch the North Pacific Fishery 
Management Council had put other restrictions 
on fisheries.  They included trip limits and gear 
changes.  Sadly none of these methods have had 
any effect.  The reason these solutions have 
failed is believed to be that the issue of 
competition has not been addressed with these 
restrictions.  These fisheries goal is to bring in 
enough money to live on for a season within a 
day or two of fishing [6]. Another proposed 
solution to address the concept of competition 
that some experts have come up with was 
“individual fishing quotas, or (IFQs), or 
individual transferable quotas, or (ITQs)”.       
Believing that “fish are not a commodity, they 
are actually wild-life”   and should be treated as 
such the  experts have based this solution on the 
cap-and-trade regulation of carbon emissions.  
Under this solution, each fishery will be allotted 
a total number of fish they can catch and bring 
in, based upon data experts have studied.  The 
fishery can then give the individual fishermen 
shares of that allotment.  Later, if a fishery wants 
to, or needs to bring in more of the catch, they 
would be able to buy up quotas from other 
fisheries who might want to sell some of theirs.  
In this fashion, the government and experts 
would be better able to maintain the balance 
between the fish population and the fisheries 

catch from that population. This solution had 
been introduced in 1995 to try to help the 
population of Alaskan Halibut, and it was a 
success.  Not only did the population numbers 
increase, but the fishing season was changed and 
spread out to even out the catch.  This caused a 
price increase for the Halibut and in turn an 
increase in income for these fisheries [6]. 

4. Eco-friendly seafood-buying practices 
by large commercial chain-
restaurants 

Some large commercial chain restaurants are 
beginning to understand the effect they are 
having on the populations of certain species of 
fish that they purchase.  Chefs that are in charge 
of purchasing for these companies have recently 
begun to change their buying habits to more 
closely match what is happening to the 
populations of the fish they are serving.  Two 
very large chain corporations have made 
changes to the types of fish they purchase and 
where they are purchasing it.  These companies 
and their chefs are working with experts 
regarding the world’s supply of fish to make 
sure that they are not causing a detriment to the 
species they are using.  For instance, 
McDonalds, in the 1990’s was only purchasing 
one type of North Atlantic Cod.  Realizing that 
the numbers of this species were dwindling, they 
have switched to using five different whitefish 
species for their Filet-o-Fish sandwich.  
McDonalds has also established a set of rules 
governing sustainability at the fisheries that they 
buy from.  If a fishery doesn’t meet these 
guidelines, McDonalds will stop purchasing 
from them.  However, in some cases, the 
restaurant chain wants to make a difference, but 
does not have enough buying power to do so.  
An example of this would be the Darden 
Restaurants chains, which include Red Lobster, 
and Capital Grill.  Darden Restaurants had 
begun to work with experts to identify types of 
fish that were becoming overfished.  In this case, 
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Darden Restaurants were asking for a change 
from the suppliers to switch to more sustainable 
practices.  They could not achieve this goal, 
because they were not large enough to force 
changes in fisheries’ practices.  So, they made 
the hard decision to remove some of the fish 
they were selling from the menu.  While this 
solution does help to a degree, it has not caused 
a change in the behavior of overfishing by 
commercial fisheries.  [7] 

5. International initiatives towards a 
sustainable supply chain for fish 
products

Quality fresh fish products are in high 
demand and receive premium prices on the EU 
market. Efforts by Rainbow Sustainable 
Solutions in partnership with the Bureau of 
Fisheries and Aquatic resources (BFAR) from 
the Philippines, and the Royal Institute of the 
Tropics (KIT) based in Amsterdam, Netherlands   
are under way to develop projects toward 
sustainability of the fishing industry in Ghana. 
The project consist of: a shipyard for 
manufacturing of fiber-glass deep sea fishing 
boats and coastal fishing boats to replace the 
dug-out canoe, line fishing of large tuna for the 
tuna market in Europe, setting up a credit facility 
to enable fisherman to acquire new boats, the 
strengthening of fishing associations, financially 
and through improvement of their management 
skills, and setting up of a fishing school in 
cooperation with the Regional maritime 
Academy in Ghana.  Dutch-Somalian 
organization, Nedsom foundation based in the 
Hague, the Netherlands with partners from Sri 
Lanka and a number of Dutch organizations 
carry out a similar project in Putland, the 
northern state of Somalia as a reaction to the 
tsunami [8].

6. Awards and certifications
The National Oceanic and Atmospheric 

Administration (NOAA) established and 

administer Stewardship & Sustainability Awards 
in six categories: 1. stewardship and 
sustainability, 2. special recognition, 3. 
conservation partnership, 4. science, research 
and technology, 5. coastal habitat restoration and 
6. public education, community service & 
media. The awards reflect the principles and 
values of NOAA Fisheries Service in efforts to 
ensure sustainable management of living marine 
resources for the benefit of the nation. 
Nominations for each of the awards are 
evaluated on leadership, impact on stewardship, 
ecological significance, and long-term 
significance [9].

In 2010, the Alaska Seafood Marketing 
Institute (ASMI) chose Global Trust 
Certification to perform certification of Alaska’s 
fisheries management system assessing major 
fisheries of Alaska for conformance to the 
United Nations Food and Agriculture 
Organization (FAO) Code of Conduct for 
Responsible Fisheries and the FAO Guidelines 
for Ecolabelling Fishery Products [10].

Marine Stewardship Council (MSC) issues 
MSC ecolabel certification for the MSC Chain 
of Custody certificate. The labels provide 
verifiable information about the species, the 
source fishery and sustainability information 
[11].

7. Conclusions
While just about every adult on this planet is 

aware of the overfishing problem within the 
marine environment, overfishing in inland 
waters is also happening and no one is really 
aware of it.  Currently, there is no consensus as 
to how to go about fixing these problems.  
Experts have come up with many ideas, but few 
of them have been implemented as yet.  Unless 
commercial fisheries embrace some kind of 
change, over time, there will be less and less fish 
to harvest; all the while the demand will 
continue to increase. The fish stock will collapse 
as well as the marine mammals and the 
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ecosystem.  If we do not implement some type 
of change, we will not be given a choice in the 
matter.  
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Abstract

Customized molds were used in the 
fabrication of bone cement specimens for testing 
in an MTS 858. These molds will be used to 
prepare specimens to test the fatigue properties 
of different bone cements and to also understand 
how the properties are affected by the mixer 
used. 

1.0 Introduction

Bone cement is a common material used for 
fixation of orthopedic implants to the bone 
surface for joint replacement surgeries.  In 2009, 
approximately 87% of hip replacements use a 
type of bone cement for fixation at the bone-
implant interface [1].  More than 80% of knee 
replacement surgeries in the U.K. and Canada 
utilize cement for implant fixation [10]. Bone 
cement is a thermoplastic biomaterial made from 
mixing a monomer with a powder form of poly 
methylmethacrylate, or PMMA [2]; PMMA is 
most commonly known as acrylic glass.   The 
preparation of bone cement takes place in the 
surgical room at the time of joint replacement, 
where the monomer is mixed with the PMMA 
by one of three common methods: hand mixing, 
centrifugal mixing, or vacuum mixing.  Once 
mixed, the thermoplastic is molded by hand into 
the prepared bone cavity and cured in place to 
secure prosthetic. 

Though bone cement has proven to be the 
most popular means of implant fixation, 
mechanical failure of the thermoplastic is a 
leading cause for revision surgery [1].  Therefore, 
much research has been dedicated to the failure 

modes of bone cement.  Studies have shown that 
implant loosening is most commonly due to 
fatigue failure of the bone cement.  In one study 
by Topoleski and Ducheyne [3], in vivo failure 
mechanisms of bone cement were concluded to 
result from fatigue crack growth due to micro-
craze damage zone.  An in vitro study by Jeffers 
and Browne [4] revealed a linear relationship 
between creep strain and the number of load 
cycles when subjected to tensile fatigue loads.  
Jeffers and Browne also used acoustic emission 
monitoring that located crazed damage zones 
near failure locations. 

Many studies have documented fatigue 
failure and the variables that effect failure mode 
in bone cement with varying conclusions.  Much 
attention has been given to the effect of porosity 
on fatigue life, the formation of which is largely 
dependent on the method of mixing.  One study 
by Hoey and Taylor [1] compared porosity of 
hand mixed (HM) versus vacuum mixed (VM) 
cements and their respective effects on fatigue 
life.  Porosity analysis revealed that HM samples 
contained many relatively small pores while the 
VM samples contained few relatively large 
pores.  Tension fatigue tests showed that failure 
mode of HM cements resulted from clustering of 
small pores, while large pores of the VM 
cements caused failure due to reduced cross-
section.  In a previous study by the 
aforementioned authors [5], it was found that 
vacuum mixed Simplex Rapid cement had 
longer fatigue life than the hand mixed version, 
and that pre-polymerized beads act as crack 
propagation barriers. 

A much less studied variable for fatigue-life 
of bone cement is the effect of antibiotic 
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impregnation.  Antibiotics (commonly 
Gentamicin) have been added to bone cements 
and are believed to treat bacterial infections 
during revision TJR (total joint replacement) and 
minimize infection during primary TJR [6].  The 
results of one study by Tunney and Brady [6] 
show that compressive and bending properties of 
Palacos R + G (gentamican-loaded) slightly out-
performed Palacos R (no gentamican). (The 
primary intent of the study was focused on the 
effect of chitosan on mechanical properties.)

The aforementioned studies and others 
demonstrate the integral relationship between 
bone cement microstructure and fatigue failure 
mode.  Mixing techniques appear to be a 
defining variable in failure causing structures 
such as pores and voids.  Therefore, much effort 
has been made by bone cement manufacturers to 
develop proprietary methods and technologies 
aimed to limit these defects in clinical use and 
extend implant life in vivo.

In the current study, a detailed test procedure 
for bone cement fatigue life was developed, and 
initial testing was performed based on the 
methods of ASTM F2118-03: Standard Test 
Method for Constant Amplitude of Force 
Controlled Fatigue Testing of Acrylic Bone 
Cement Materials [7].  The methods defined 
herein will be used to study the effects of bone 
cement type, mixer type, and antibiotic 
impregnation on fatigue life of bone cement.

2.0 Mold Making

To create specimens for testing, a mold was 
designed using the ASTMF2118-03 (Standard 
Test Method for Constant Amplitude of Force 
Controlled Fatigue Testing of Acrylic Bone 
Cement Materials) [1]. The method describes the 
specimen size, mold creation recommendations, 
how to manufacture the specimens, and the 
details of how to test them. 

Three silicone molds, as that shown in Figure 
1, were developed and created for the making of 
the bone cement specimens in the operating 
room. 

Figure 1. Bone cement mold

3.0 Specimen Creation

The bone cement specimens were made in an 
operating room at Shands Jacksonville Hospital. 
The specimens were mixed by an orthopaedic 
surgery team familiar with and experienced in 
the use of bone cement. 

The first step of specimen creation was to 
prepare the molds and the saline bath. Two 
plates of acrylonitrile butadiene styrene (ABS 
plastic) were wrapped in aluminum foil for each 
mold as shown in Figure 2. 

Figure 2. ABS plastic wrapped in aluminum 
foil

Next, each mold cavity was numerically 
labeled as shown in Figure 3. The purpose of 
doing so was to have a method of logging what 
mold location a specimen was made. 
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Figure 3. Labeled molds 

To prepare the saline bath, a saline solution 
shown in Figure 4 was poured into a clear basin.

Figure 4. Saline solution 

Once the molds and saline bath were 
prepared, the bone cement specimens were 
created. The first type of bone cement specimens 
made were Biomet Cobalt HV Bone Cement 
with Gentamicin antibiotic shown in Figure 5. 

Figure 5. Biomet Cobalt HV bone cement 
with Gentamicin

In each package came a liquid monomer, a 
powder, and a mixing device. This is shown in 
Figure 6. 

Figure 6. Bone cement package contents

To begin making specimens, the powder was 
poured into the mixing device as shown in 
Figure 7. 

Figure 7. Powder poured into mixing device

The liquid monomer was then combined with 
powder as shown in Figure 8. 
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Figure 8. Liquid monomer added to powder

The mixing device was hooked up to a 
vacuum as shown in Figure 9, and then mixed as 
shown in Figure 10.

Figure 9. Vacuum pump pedal

Figure 10. Mixing of bone cement

After the compound was fully mixed, the 
cylindrical portion of the mixing device was 
immediately loaded into a racheted injecting gun 
similar to a caulking gun as shown in Figure 11. 

Figure 11. Loading cement in an injecting 
gun

The injecting gun was used to transfer the 
cement into a medical syringe as shown in 
Figure 12. 

Figure 12. Transferring bone cement into 
syringe

Transferring the bone cement into the syringe 
made depositing it into the molds simpler as 
shown in Figure 13. 

Figure 13. Depositing bone cement into mold

Once a mold was filled, the aluminum-
covered ABS plastic plates were used to cover 
the entry and exit ports of the specimen and 
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secured with rubber bands as shown in Figure 
14.

Figure 14. Securing covers on filled molds

Finally, the mold was placed into the saline 
bath as shown in Figure 15 and allowed to cure 
at a controlled temperature of 37 degrees 
Celsius.

Figure 15. Mold in saline bath 

After the bone cement cured, the mold was 
removed from the saline bath and the specimens 
were ejected. The mold number each specimen 
was removed from was recorded, and the 
specimens were placed in separate bags. There 
were both acceptable and unacceptable 
specimens such as those shown in Figure 16.

Of the 28 specimens created, only 8 were 
acceptable. The unacceptable specimens had 
defects such as cracks and deformed surfaces. 
This was the first attempt at making specimens 
using the described molds and as a result the 
first batches resulted in unacceptable specimens. 
While filling the first batches it was learned that 

filling the molds horizontally, rather than 
vertically on top of a table, allowed air to escape 
from the back of the mold cavity. A finger was 
used to monitor that the mold cavity was fully 
filled. To further help with the filling, the 
cement was ejected from the injection gun into a 
syringe, which was then used to fill the mold 
cavities. With these procedural changes, later 
batches had a higher acceptance rate. 

Figure 16. Unacceptable and acceptable 
specimens

4.0 Initial Testing

After the specimens were made, the initial 
testing began using the constant amplitude sine 
function of the MTS 858 shown in Figure 17.

Unacceptable

Acceptable
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Figure 17. MTS 858

To begin testing the specimens, literature was 
developed to instruct future operators how to use 
the machine. The specimens were inserted into 
the grips of the MTS as shown in Figure 18.

Figure 18. Specimen inserted into the MTS 
grips

5.0 Discussion

The test methods of the current study, based 
on the test procedures of ASTM F2118-03 [7], 
were considered to demonstrate a procedure for 
analysis of fatigue properties of select bone 
cement types prepared by select mixing methods 
that are commonly used in practice.   Soltesz [8] 
conducted a study on bone cement fatigue that 
confirmed the superiority of the constant 
amplitude load-controlled conditions, such as 
the loading conditions of the current study, over 
displacement-controlled conditions.  It is 
concluded, therefore, that the current study is 
well suited to quantify such fatigue properties.  
However, the reader is reminded that the current 
study was to determine in vitro fatigue 
properties of bone cement and that the results 
may not translate to in vivo applications.  

Although the current test procedures are 
based on the guidelines of ASTM F2118-03 [7], 
there are some deviations that should be 
addressed.  Initial test specimens prepared in the 
current study were stored and tested in 
atmospheric air as opposed to 37oC PBS solution 
as described in F2118-03.   Also, according to 
F2118-03, test specimens are to be rejected if x-
ray analysis reveals pores larger than a certain 
rejection criteria.  In the current study, x-ray 
equipment was not available to determine such 
internal defect and, therefore, rejection will be 
determined at failure.  Fatigue data from 
specimens meeting rejection criteria per F2118-
03 will not be included as S-N data points but 
will be analyzed for failure mode. 

6.0 Future Work

The present study outlines the procedures and 
initial testing that will be used as a continuation 
of work performed by Barletta et al. [2] to 
determine the effects of mixer type on 
mechanical properties.  In this study, 
specimens were prepared from six proprietary 
bone cements (Simplex P TM, Simplex P with 
Tobramycin TM, Palacos R TM, Palacos G TM, 
Cobalt HV TM, and Cobalt G-HV TM) and 
three proprietary mixing systems (Stryker, 
Zimmer, and Biomet).  The study concludes that 
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mixer type had significant effect on modulus of 
elasticity and ultimate tensile strength of bone 
cement while the impregnation of antibiotics did 
not. 

The comparisons previously made by the 
authors will be extended to the fatigue testing 
described in the current work to determine the 
effects of mixer type, cement type, and 
antibiotics on fatigue properties.   S-N curves 
will be produced for each combination of mixer 
and cement type to quantify their impact on 
fatigue life.   Statistical analysis will be implored 
to determine correlations and differences 
between variables based on the S-N data.  
Furthermore, analysis will be performed to 
determine if the aforementioned variables have a 
significant effect on cement microstructure and 
failure mode.  Previous studies have shown that 
crack propagation and craze damage have 
resulted in cement failure in fatigue as a result of 
pore size and distribution [1, 3, 4, 5].  It is of 
interest to the researchers of the current study to 
determine any correlations between mixer type, 
cement type, and antibiotics and cement 
microstructures, such as pores, that result in 
fatigue failure.
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Abstract

In order for the School of Business and 
Industry’s (SBI) Accounting Program to remain 
competitive, an accounting research 
infrastructure must to be developed so students 
within this business concentration are better 
prepared for careers within this field. The 
purpose of this paper is to create a framework 
that will assist with creating an Accounting 
Research Lab and Accounting Tutoring Lab for 
SBI students at Florida A&M University. Our 
research will also provide a set of criterion to 
determine the attributes of the accounting 
research labs environment.

Keywords:  Accounting Lab, Tutoring, 
Research, and Technology

1. Introduction 

  In recent years the field of accounting has seen 
a surge in demand from firms seeking to 
maximize efficiency and comply with 
governmental regulations. In response, 
accounting firms have increased not only in size 
but also technical sophistication, utilizing 
powerful computer programs to complete 
processes that once required numerous man 
hours [1,10]. As a premier supplier of 
accounting students Florida A&M University’s 
School of Business and Industry stands poised to 
capitalize on this trend, however for its students 
to continue to excel, the accounting education 
infrastructure needs to be updated to equip them 

with the evolving skill set required of the 
modern accounting professional. A fully 
equipped accounting laboratory with research 
and tutorial capabilities will greatly enhance the 
accounting program. Hands-on experience with 
the latest computer software will give students 
the opportunity to develop a more complete 
perspective, observing how accounting interacts 
with all areas of business [2]. Additionally, 
using the same software as accounting 
professionals gives students a realistic job 
preview while better preparing them to excel in 
interviews, internships, and entry level positions. 
Furthermore, the lab will facilitate 
communication with accounting professionals, 
provide opportunities for corporate partnership, 
and enhance distance learning capabilities 
which, with the proper programs, could even 
surpass face-to-face tutoring for accounting 
proficiency [3].

This research utilizes a 3-phase framework to 
identify and assess need for accounting lab 
resources, analyze system requirements and 
costs, and create design specifications for the 
implementation of an accounting lab 
infrastructure. Furthermore this research satisfies 
the following objectives:

1.  Create an Accounting Academic Research 
infrastructure that will allow access to 
accounting firms’ research websites, accounting 
software, etc. and provide an estimate for 
maintaining the infrastructure.
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2. Enhance the Accounting Lab’s 
environment to support accounting tutoring, 
preparation for case team competitions and 
accounting tax documentation, standards, and 
announcements.
      3.  Explore technological advantages to 
assist with scheduling, staffing, tutoring, and 
communication. 

2.  Project Overview 

  The systems development life cycle (SDLC) 
served as the initial foundation for our research 
[4]. SDLC consists of the following phases: 
Project Identification and Selection, Initiation 
and Planning, Analysis, Design, 
Implementation, and Maintenance [5].  Given 
our goals, the focus for this project was on the 
phases from project identification through 
design.  Further research led to the need for 
supplemental analysis strategies which were 
called upon to aid in the completion of this 
project.  For this reason a focused 3-phase 
framework was created for the selection and 
conception of the SBI accounting lab 
infrastructure. It is desired that this framework 
be applied to the creation and implementation of 
professional labs (accounting and other) in 
institutions of higher learning and other 
organizations.

The development of an accounting lab 
infrastructure was selected from a list of 
potential projects indentified by students and 
faculty; several factors contributed to this 
decision:

 Lack of adequate accounting lab 
resources

 Design/implementation of an accounting 
lab system can greatly improve the 
quality of accounting education

 Strong faculty support for the project

 Potential corporate funding for 
hardware/implementation of the project

 Potential to develop functional framework 
for use in similar future projects

 Scope of the project allowed for 
completion within a single semester

After selecting the SBI accounting lab 
infrastructure project, SBI’s Accounting 
Department Chair was contacted, with the goal 
of assessing the current state of the accounting 
lab system and establishing goals for the 
capabilities of the proposed system. An 
interview was chosen as the preferred method of 
data collection, the results are summarized 
below:

Interview with Accounting Chair

     1. Your Vision of Accounting Lab 
Infrastructure
 - Workstations w/ accounting tutorials (ALEX). 
Comfortable workspace. Center of room used for 
one-on-one assistance. Podcasting or video 
conferencing from firm representatives.
 - Would like downstairs lab more research 
oriented/ south wing for tutoring. Tax Research 
(CCH)/ not computers, hard copy storage 
information.

2. Key success factors for accountants. How 
can lab deliver?
 - Putting in the time. Working with the material in 
person or electronically.  Having problems explained 
by knowledgeable individuals.
 - Researching Skills – searching the literature to 
reveal solutions to “grey area” problems

3. What are some of the major issues you’ve 
encountered with scheduling, staffing, tutoring, 
and communications?
 - One problem is communication; most students 
do not use FAMU email so it is difficult to 
communicate with them. Gaining tutors are random 
as it relates to assistantships for the semester. 

- The desire is to work with a number of 
accounting firms to assist in multiple ways. 
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-There are issues with having no staff and the lab 
not being open. It happens often, and usually 
coverage ends at 6pm and is sporadic during the 
week.

4. Software considerations?
 - ALEX, Homework Manager comes with 
textbook. Research software will be provided by the 
sponsoring firm.
 
      5. Do tutors feel they have all the tools 
necessary to assist whatever students they might 
encounter?
 - YES, tutors are assigned areas of specialty in 
which they have shown proficiency
 - NO, tutors have no computer training in 
accounting software (outside of personal experience)
 - Computers have limited specs (e.g. 512MB 
RAM)

This interview (as well as several others 
conducted with members of the accounting 
faculty) revealed several issues within the 
infrastructure of the current accounting lab. The 
lab, at this point in time, is suffering from a 
substantial lack of enabling technologies that 
prevent it from performing its role as an 
auxiliary source of accounting assistance.

Currently there are two accounting labs 
available for students to use. Both labs have the 
same general functions of one-on-one student 
tutoring. Both labs also offer the option to use a 
study guide if a professor makes it available. 
The labs currently have some computers 
available; however they are not fully functional 
and need to be updated. Student tutors are 
chosen from available Graduate Assistants based 
on their previous success in Financial, 
Managerial, and Intermediate I accounting 
courses. Right now there are a lot of gaps with 
scheduling and availability, therefore causing 
the lab to have inconsistent hours of operation.

A list of proposed solutions was then compiled 
to address these concerns and serve as basis for 

the design of the new system. The following 
were deemed to be most critical in the creation 
of an accounting lab system capable of meeting 
the requirements set forth.

 State of the art computers capable of 
running the latest accounting programs

 Software licenses for industry-current 
accounting applications and research 
tools

 Flat screen televisions with for both 
internal (scheduling/availability) and 
external (webcasts/podcasts) 
communication

 Hard copy accounting resources (teacher 
study guides, current tax code, current 
text books etc)

The proposed solutions were considered along 
with the scheduling and utilization goals for the 
accounting lab system to determine the optimum 
level and distribution of resources. A budget 
(found in Figure 3 included at the end of this 
document) was compiled based on the hardware 
and software requirements identified in the 
design phase.

The operation of the new accounting lab system 
was also addressed. Data Flow Diagrams 
(DFD’s), Structured English, and Entity 
Relationship Diagrams were used to depict the 
flow of people, processes, information, and 
resources through the accounting lab [5]. These 
figures and corresponding discussions are found 
in the Conclusions and Future Work section of 
this paper. Through several iterations, the 
models were refined to provide a theoretical 
model for accounting lab functionality, which 
could be used to begin operations.

3.  Framework Review

Our research uses a framework that will 
assist with creating and updating an Accounting 
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Research Lab and Accounting Tutoring Lab for 
SBI. Our research will also create a set of 
measures (criterion) to determine the attributes 
of accounting research labs environment and 
develop a 3-phase framework to assist with the 
formation of the labs.  Our framework is 
comprised of three phases:

1. Requisite Determination Phase
Create a set of criterion to determine need

- Principle Need
- Moderate Need
- Minor Need

2. Technological Analysis Phase
 Discuss Needs/Desires
 Discuss Costs (Infrastructure, Technical 

Support, Hardware/Software, Faculty, 
Tutor Training, etc)

3. Design Phase
 Logical description of infrastructure

The Requisite Determination Phase creates a 
set of criterion to determine the needs of the SBI 
Accounting Research and Tutoring Labs.  It is 
within this phase that the needs, which were 
discussed and provided by the Accounting 
Department Chair and Accounting faculty within 
SBI, are selected, analyzed, and prioritized. The 
criterion consists of three measures to determine 
ranking - providing the greatest benefit to the 
project:

Principle Need – this need has received the 
highest ranking and provides the greatest benefit 
to the project

Moderate Need – this need has received the 
second highest ranking and provides a medial 
benefit to the project

Minor Need – this need has received the 
lowest ranking and provides either a very low or 
no benefit to the project

To consistently evaluate this information and 
determine project requirements using this 
criterion, the SBI Accounting Department Chair 
was interviewed and asked a series of questions 
to provide additional information about the 
current situation and system presently in place 
along the desired future situation and system. 
These interviews yielded significant insight into 
the functions of the current accounting lab, and 
the desirable improvements to be integrated into 
a new accounting lab. The interviews 
ascertained a more in-depth understanding of the 
current working of the accounting labs, its 
needs, shortfalls and goals.  This data is required 
to effectively develop an information system for 
the laboratory, thus improving its functionality. 
Therefore, the answers received from this 
traditional method of determining requirements 
[5] where ranked based on how each can provide 
the greatest benefit to the project and were 
properly categorized within one of the three 
criterion.  In addition, these answers where then 
used as an initial foundation to create a 
transition plan to advance from the current 
system to the desired system.

The Principle Need criterion are needs that have 
identified by SBI’s Accounting Chair and 
faculty and have received the highest ranking 
and primary focus.   Needs that were ranked 
highest and considered essential to the research 
and tutoring labs were placed within this 
criterion.

The Moderate Need criterion are needs that 
have been identified by SBI’s Accounting Chair 
and faculty that have the second highest ranking, 
needs which may not be essential but beneficial 
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or provide an added benefit to both the 
accounting research and tutorial labs.

The Minor Need criterions are needs that have 
been identified by SBI’s Accounting Chair and 
faculty that have the lowest ranking.  These 
needs are either classified as a low need and 
have either provide a low or no benefit to the 
vision, mission, strategies and objectives of the 
accounting labs.

Next, after the data received from the interviews 
and observations were ranked according the 
aforementioned criterion, they were structured in 
narrative and in graphical models as shown 
within the third phase, the Design Phase. 
Structuring the data requirements helps to 
determine the interrelationships of data and 
eliminate redundancies. Then, alternatives are 
generated that match the requirements. The 
alternatives are compared against one another to 
determine which is most feasible for 
implementation.

The Technological Analysis Phase creates an 
opportunity to discuss the pertinent 
technological components of the accounting 
research and tutoring labs.   This phase utilizes 
the information produced from the initial 
Requisite Determination Phase and then 
considers the technology needed to execute each 
need. In addition, a feasibility assessment is 
conducted to provide an overview of the merit 
and expenses needed for all technologies 
considered. This also includes discussion of 
costs as it relates to the acquisition plan for new 
technology that will be incorporated within the 
Infrastructure, Technical Support, 
Hardware/Software, Faculty, and Tutor 
Training, etc.

The Design Phase creates a logical description 
of the infrastructure using input from the 

previous two phases.  This phase specifically 
focuses on the function; detailed specifications 
of all system elements (data, processes, inputs, 
and outputs) along with the technical detailed 
specifications of all system elements. This phase 
will help to guide the creation of diagrams that 
will ultimately be converted into logical and 
physical systems specifications. Diagrams 
created in this phase include Data Flow 
Diagrams and Structured English. Data flow 
diagrams (DFD’s) are versatile diagramming 
tools that are used to represent both the physical 
and logical information systems.  Data flow 
diagrams are used to provide notation as well as 
illustrate important concepts about the 
movement of data between manual and 
automated steps of how data flows throw an 
organization [6].  

Another logical specification deliverable utilized 
is Structured English. This logic modeling 
deliverable is modified English used to illustrate, 
study, and document the logic of each process. 
A DFD and corresponding Structured English 
for the Accounting research lab can be found in 
Figures 1 and 2 at the end of this paper.

4.  Conclusions and Future Work

  The Fall 2009 Systems Theory and Design 
class was given the task of improving the 
operation and infrastructure of the SBI 
Accounting lab.  Although several projects were 
considered, the accounting lab was identified as 
being the most advantageous to the School of 
Business and Industry.  This is due in part to the 
current operations of the accounting lab being 
ineffective.  However, there are significant 
academic and business considerations as well.  
Therefore the main goal of the project was to 
create an accounting lab that better fulfills it 
purpose of enhancing research and assisting 
students.
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The current accounting lab was equipped with 
out-dated technology and limited scholastic and 
human resources.  As a result of the lab’s 
inefficiencies, it was of only marginal assistance 
to students.  After jointly establishing criteria 
with accounting faculty, a logical representation 
of the current lab operations was created to 
determine which aspects of the lab represented 
the greatest need.  Once our findings were 
reviewed, we discussed system requirements and 
ideal lab operations with faculty to gain a more 
thorough understanding of the technical and 
organizations requirements that would need to 
be incorporated into the new lab designs, most 
notably that the new system would have each lab 
location serve a distinct purpose (one tutoring, 
one research).

The labs will be utilized for various services.  
One lab, which is located in the South wing of 
the School and Business and Industry will serve 
a physical tutorial venue where students 
studying Financial Accounting, Managerial 
Accounting and Financial and Reporting 
Analysis I & II.  Here, students will have the 
opportunity to be tutored by other students who 
have shown a proficiency in these subjects.  The 
other lab will function as a venue for students 
looking to conduct independent research.  

Research support that a properly equipped and 
staffed accounting resource center can provide 
students with a definite edge in today’s 
competitive business environment [7, 10]. 
Accounting firms are incorporating and 
increasingly sophisticated array of computing 
programs, and while being familiar with them 
might be an advantage today, it could be a 
prerequisite for consideration tomorrow [8]. 
Additionally, studies have been conducted 
which show promise for distance education in 
accounting, some of which even show the 
potential to outstrip face-to-face interaction [3, 

9]. Furthermore, with increased vigilance by the 
SEC (Securities and Exchange Commission) and 
organizational stakeholders, companies are 
increasingly concerned about the accounting 
competency of their professional employees. A 
state of the art accounting lab also gives students 
the opportunity to not just use the same 
programs but to actually interact with 
professionals in the field to gain a greater 
understanding of the practical application of 
what they are learning in the classroom.   

The accounting lab project provides some 
unique business opportunities as well. A state of 
the art accounting lab demonstrates to the 
business world, prospective students, and 
faculty, that SBI takes its accounting education 
seriously. The multimedia capabilities will 
enhance student and faculty ability to network 
with accounting professionals and executives 
while also serving as an excellent recruiting tool 
for both prospective students as well as 
prospective corporate partners. In fact at the 
time this was completed the system generated 
from this project is part of a SBI million-dollar 
proposal, of which a portion has been designated 
for accounting lab infrastructure.

The use of the 3-Phase Framework created the 
opportunity to accurately assess key weaknesses 
in the currently accounting lab system, 
effectively evaluate multiple alternative 
solutions, and design a system, which fulfilled 
all constituent requirements. 

Based on consideration of specifications 
outlined by the client, the following Short-Term 
recommendations were proposed:

1.  Upgrade the hardware and software in the 
accounting labs so that all computers will have 
internet/database access and be able to run the 
latest accounting programs. 
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2.  Incorporate a web-based course-
management system to improve the scheduling 
students and tutors.  Features include: Calendar, 
Staff Information, Discussion Board, Groups, 
Collaboration, Tasks, and Email.   

3.  Improve quality and level of staffing in 
accounting labs. Tutors should be accounting 
majors, or with MBA students with accounting 
concentrations. Provide a small stipend to 
undergraduate tutors in exchange for their 
services.

4.  Create a Lab Coordinator position, to be 
staffed by a graduate student. Coordinator will 
ensure that the lab is running efficiently, 
reporting damages, problems, or technical 
questions to the director. 

5.  Tutor Training Program, to include: refresher 
training on the courses they intend to tutor, 
effective tutoring methods, use of 
accounting/research software and 
communication skills.

The following Long-Term recommendations 
are as follows:

1.  Keyless Entry: the accounting lab should 
have keyless entry or access code technology 
implemented. This will help ensure that students 
still have access to the resources in the lab even 
after regular business hours. 

2.  Create an SBI accounting lab website: to 
provide a centralized scheduling and 
communication resource for tutors students and 
accounting faculty. It can also serve as the portal 
for virtual communications with the accounting 
lab. 
 
Should SBI receive funding for the creation of a 
new accounting lab system, these 
recommendations, once implemented, will 

produce a state of the art accounting lab system 
and all the aforementioned benefits inherent to 
it. The proposal is currently being reviewed and 
should receive word if the proposal is accepted 
within the next couple of months.  Additionally, 
this framework can be used in the creation or 
design other professional research systems 
within SBI and in other university colleges and 
schools.  
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      POST list to central tutoring location (virtual)
      RETRIEVE Access codes for lab access as necessary by tutors from data store D1
END DO

Process 3.0: Attendance Logged (Students and Tutors)

DO
SIGN-IN on tutor/graduate assistant attendance log database

      REQUEST students SIGN-IN attendance log database when they enter tutoring lab
IF they refuse

     THEN deny research services
      ELSE begin research session 
      STORE names of students into attendance log data store D2 each the close of business
END DO

Process 4.0: Research Performed

DO
PROVIDE research data to determine appropriate resources (students)

      IF hard copies are applicable, retrieve physical research resources from data store D3
      ELSE utilize computers and internet access for virtual research resources from data store D4
      REQUEST students fill out exit survey
      COLLECT completed exit survey
      IF form is complete
      THEN send survey data
      ELSE discard survey data
      SEND data to exit survey data store
END DO

Process 5.0: Updates to Research Lab

DO
      PROVIDE funding as sponsor
      GRANT access to research databases
      DETERMINE relevant changes to accounting profession (faculty)
      PROVIDE new hard copy materials in relation to relevant changes to profession
END DO

Process 6.0: Perform Maintenance

DO
     ASK tutors if there are problems with the lab’s computers once per week
     IF no problems are reported
     THEN do not require assistance from SBI Computer Lab Staff
     ELSE request systems support from SBI Computer Lab Staff to fix lab’s computer 
            problems
END DO

Process 7.0: Generate Attendance Report

DO
      RETRIEVE student and tutor/graduate assistant attendance logs
      GENERATE student attendance report 
      GENERATE tutor/graduate assistant attendance report
      SEND attendance reports to accounting faculty and Accounting Lab Faculty Head
END DO

Process 8.0: Exit Survey Report Generated

DO
      REQUEST research student exit survey data from data store D4
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      RETRIEVE research student exit survey data from data store D4
      COMPILE results 
      GENERATE survey report
      SEND report to faculty and sponsor
END DO

Process 9.0: Create Access Codes

DO
COMPILE a list of dates of operation for the computer lab for a semester

      CREATE a list of unique access codes for the various dates
      MATCH codes to dates
      SEND to access code database
END DO

Figure 2. Structured English Level-0 New Research Lab

One-Time Costs

Year 0

A. New Hardware  $                 19,169.00

B. Televisions  $                   4,400.00                 

C. Key Card Access Hardware and Installation  $                   2,609.00                 

D. Hard Copy Resources  $                   3,000.00                 

E. Site Preparation  $                               -   

F. Miscellaneous  $                      500.00   

Total  $                 29,678.00

Recurring Costs (Annual Basis)

Year 1 through 5

A. Website Maintenance  $                               -

B. Computer Maintenance  $                   1,000.00   

C. Licensing (3 year term)  $                      924.00                      

D. New software/ hardware  $                               -   

E. Supplies (ink)  $                  1,620.00 

F. Other

Total  $                  3,544.00 

Figure 3 Proposal Budget - Overview
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ABSTRACT

A problem that frequently arises in design and 
analysis of experiments is that of determining 
the extent to which three or more control factors 
influence a fourth factor, called the response 
factor, the value of which is important for some 
reason . A common experimental approach to 
dealing with such a problem is the use of an 
experimental design known as Latin Squares.  In 
this paper, the experimental results of a fabric 
wear test are analyzed using Latin Squares, 
combined with Taguchi Methods to analyze the 
wear effects on various types of fabric under 
similar circumstances.   The motivation for this 
paper is to demonstrate how Taguchi methods 
may be combined with more classical methods 
to arrive at satisfactory results.

1. INTRODUCTION

The essence of experimental analysis is to 
determine an experimental model appropriate to 
the type of experiment under consideration. 
Numerous experimental models are available to 
the experimenter, ranging in complexity from a 
simple one-way variational design, a model in 
which only one type of variation is present 
(Montgomery, 1993).   At the other end of the 
experimental model spectrum is the very 
complex Graeco-Latin Squares design in which 
at least four types of variation can be analyzed. 
A third type of experimental model, almost as 
complex as the Graeco-Latin Squares model, is 
that used for Factorial Analysis.  Factorial 
Analysis involves identifying those factors 
thought to influence some desired effect and to 
systematically change those factors, one at a 
time and within an orthogonal matrix construct, 
to determine the degree to which (if at all) the 
given factor affects the effect of interest.  We 
say that Factorial analysis is almost as complex 
as Graeco-Latin Squares because, while analysis 

of results is relatively straightforward, it can be 
relatively complex to adapt one of the standard 
models to a particular experiment (Taguchi, 
1987). The approach in all such cases is to adapt 
a standard experimental model to the particular 
experiment to be performed, execute the 
experiment in conformance with the particular 
model selected and then to analyze the resulting 
data using classical analysis of variance 
techniques.  As previously noted (Sutterfield, 
2004), analysis of variance (ANOVA) is a very 
powerful and useful method for analyzing the 
data forthcoming from a designed experiment.  
To familiarize the reader with the Graeco-Latin 
Square design, an example is shown in Figure 1 
below:

A B C D E

B C D E A

C D E A B

D E A B C

E A B C D

Figure 1: Graeco-Latin Square Design

In the above design, five different treatments 
would be tested: A, B, C, D and E.  The columns 
might represent one type of test medium or 
condition, the rows another, and the Greek 
letters yet a third. Thus, each row-column-Greek 
letter combination represents a unique set of test 
conditions for each treatment and is known as a 
block. This means that the above Graeco-Latin 
square design makes it possible to arrange the 
test parameters into 25 unique blocks or sets of 
test parameters. Thus, the test measurements 
obtained from each block would represent the 
results of the 25 unique sets of test parameters. 
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Experimental designs such as that in Figure 
1 are known as blocked designs. Such designs 
uniformly distribute the sources of random 
variation over all experiments as nearly 
uniformly as possible. In doing so, such designs 
conform to the three fundamental principles un-
derlying all experimental analysis: 
Randomization, replication and blocking 
(Montgomery, 1993).  All three of these are 
achieved through the random layouts of Latin 
and Graeco-Latin Square designs. For example, 
it might be desirable to examine crop yields 
from using different types of fertilizer; or, to 
compare the mileage obtained from the use of 
several different brands of fuel; or again the 
muzzle velocities of a given weight of some 
several types of powder for a certain caliber rifle 
and projectile weight. Latin Square or Graeco-
Latin square design might be employed in all 
such cases to randomly distribute experimental 
error over all outcomes.  In this way, it is 
possible to determine the degree to which each 
of the treatments affects the desired response.  
Thus, an appropriate experimental design 
combined with analysis of variance affords a 
very powerful method for executing experiments 
and analyzing experimental results.

A Latin Square experimental design, combined 
with a simple Taguchi approach to analyze the 
data,  are used in this current paper to analyze 
results from an experiment aimed at determining 
which of four types of cloth exhibit the best 
wear characteristics. This data was taken from a 
problem (Box, Hunter, and Hunter, 1978) in 
which the experimental design was executed 
with a fabric wear testing machine.  

2. METHODOLOGY

Kempthorne (1967) and others have clearly 
set forth the philosophy and approach 
underlying experimental methodology.  These 
are the same no matter which approach is used 
for the analysis of experimental results.   Since 
the reader may not be familiar with these, they 
are as an introduction for those unfamiliar with 
experimental method. It has also been noted that 
the experimental methodology, since it has its’ 
origin in experimental philosophy, is identical 
whether classical analysis or Taguchi analysis is 

used.  The philosophy and methodology are 
briefly as follows: 

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 to 
the experimental results;

8) Drawing conclusions as to the true values of 
estimated parameters, along with the reliability of 
the estimates, while giving careful consideration to 
the validity of conclusions for the population of 
objects or events to which the estimates may apply;
9) Confirmation or falsification of the original 
hypothesis; if a hypothesis is falsified, return to 
step “2” above for modification of or complete 
reformulation of the original hypothesis, and 
repetition of steps “3” thru “9;”
10)  Evaluation of the present investigation with 
reference to other investigations of the same or 
similar problems.

Step “3” in the above methodology requires 
selection of some particular type of experimental 
design appropriate to the phenomenon under 
investigation.  For example, if the relationship of 
some response variable is being examined over a 
range of values for one or more control 
variables, a one or two way analysis of variance 
experimental design might be appropriate.  
Again, if a number of control variables were 
being examined at two or three different levels 
as to their effect upon some response variable, a 
factorial design might be appropriate. In the 
present experiment the objective was to 
determine whether any one of several fabrics 
had significantly superior wear characteristics.  
The fabrics were not to have been examined at 
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various levels, so that a factorial type of design 
was not appropriate.  In was desired only to 
examine a single type of each fabric.  Further, 
the test mechanism used was that of using a 
Martingale wear tester in which four different 
types of fabrics were subjected to identical wear 
testing. Consequently, a randomized block 
design was selected, specifically a Latin Square 
design, because of its’ facility for distributing 
random effects over all outcomes, and thus 
precluding them from unduly affecting any 
particular outcome.

3.  APPLICATION OF METHODOLOGY

Table 1 below shows the Graeco-Latin 
square design selected for the fabric wear testing 
experiment.

A D C B

B A D C

C B A D

D C B A

Po
sit

io
n

22.8

4
30.6 28.8 25.2 26.4

3
29.0 22.4 26.3

20.7

2
22.3 26.9 21.5 35.0

1
26.1 20.0 32.4

Experiment No.
1 2 3 4

Table 1: Graeco-Latin Square for Fabric Wear 
Experiment

The approach taken for this experiment was 
that of conducting four experiments upon four 
different fabric types, placed in four different 
positions.  Thus, sixteen different experiments 
were performed in random order, four for each 
of the different fabric types. The experiment was 
designed to determine whether one of the fabric 
samples was any more effective in resisting 
abrasion than the other test specimens.  The re-
sponse variable measured the average wear to 
each fabric sample in milligrams of deposited 
residue. Hence, the response variable measured 
was resistance to abrasion, viz, the smaller the 
number, the better the performance of a given 
fabric sample in resisting wear. The data in 
Table 2 were modified for analysis by deducting 

from each measurement a working mean of 26.  
This modification resulted in the data shown in 
Table 3 below.

A D C B

B A D C

C B A D

D C B A
0.4

Sum of 
Positions

4.0 -5.9 1.4 0.9

3
3.0 -3.6

Sum of 
Positions

-4.8

-4.5 9.0

Experiment No.

-3.2

3 4

6.4 -5.3

Po
si

tio
n

1
0.1 -6.0

2
-3.7

4
4.6 2.8

Total 0.4

1 2

-0.8

0.9 1.7

-3.5

7.0

0.3

Table 2: Adjusted Test Results

The first step is to calculate the correction factor, 
CF, from the data in Table 3.  Proceeding, …

CF = (x1,1 + x1,2 + x1,3 + … + x2,3 + x4,3 + 
x4,4)2/16

CF = (0.1 - 6.0 + 6.4 + … + 2.8 - 0.8 + 
0.4)2/16

CF = 0.01 

Next, we calculate the net total variation, ST, 
which is …

ST = x1,1
2 + x1,2

2 + x1,3
2 + … + x4,2

2 + x4,3
2 + 

x4,4
2 – CF

ST = (0.1)2 + (- 6.0)2 + (6.4)2 + … +  (2.8)2 + 
(- 0.8)2 + (0.4)2 – 0.01

ST = 282.9

Next, the variation due to fabric position is 
desired, and to obtain it we calculate the linear, 
quadratic and quartic components of this 
variation are computed.  For the details of these, 
Taguchi (1988) should be consulted.  Proceeding 
for the linear component of position …
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The quadratic component of position variation is 
calculated as …
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The cubic component of position variation is 
calculated as …
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Very often the higher order components of 
variation decrease with increasing order, and can 
be ignored after the second order term, the 
higher order terms being added to the error term, 
resulting in a more stringent F test in the 
analysis of variance.  In this case, however, the 
randomization in the Graeco-Latin square makes 
it necessary to consider the higher components 
of variation.  Consequently, the linear, quadratic 
and cubic components are added together to 

obtain the total position variation.  The result is 
…

SSSS cPqPlPP )()()( 

4.94.04.11 S P

2.21SP

Next, we calculate the linear, quadratic and 
cubic components of the experiment variation.  
The linear component is …
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The quadratic component of experimental 
variation is …
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Finally, the cubic component of experimental 
variation is …
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Then the total variation of the experiments on is 
the sum of the linear, quadratic and cubic 
components,  as …
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SE = 0.1 + 5.5 + 7.8

SE = 13.4

Next, it is desired to calculate the contribution of 
the fabrics themselves to the total variation.  
This component of variation is calculated as …
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SFabrics = 178.7

Next, all of the preceding results are summa-
rized in an analysis of variance (ANOVA) table 
as shown in Table 3 below.

f S V F 0 
S Pl 1 11.4 11.4 1.2 4.0

Position S Pq 1 1.0 1.0 0.1 0.4

S Pc 1 9.4 9.4 0.9 3.3

S El 1 0.1 0.1 0.0 0.0

Experiments S Eq 1 5.5 5.5 0.6 2.0

S Ec 1 7.8 7.8 0.8 2.8

SPlxEl 1 17.9 17.9 1.8 6.3
Interactions SPlxEq 1 18.1 18.1 1.8 6.4

SPqxEq 1 13.3 13.3 1.3 4.7
S A 1 0.6 0.6 0.1 0.2

Fabrics S B 1 45.6 45.6 4.6 16.1
S C 1 111.3 111.3 11.2 39.3
S D 1 21.2 21.2 2.1 7.5

Error S e 2 19.8 9.9 -------- 7.0
Total 15 282.9 100.0

Source of 
Variation

Table 3: Analysis of variance results for fabric wear 
experiment

From the above table it can be seen that neither 
the linear, quadratic nor the cubic components of 
position or experiment is significant at the 95% 
level (F0 < 5.59), which indicates that none of 
these components plays an important role in the 
experiment. Further, none of the interactions 
between position and experiment shows 
significant variation at the 95% level. 
Consequently, these interaction components are 
combined with the error, Se.  Two of the fabric 
types, A and D, also show insignificant variation 
at the 95% level. Thus, in addition, these have 
been combined with Se.  However, two of the 

fabric types, B and C, do contribute substantial 
variation, i.e., wear.  Consequently, they are 
included in the modified analysis of variance 
results, which are shown below in Table 4.

Table 4: Modified analysis of variance results 
for fabric wear experiment

4.  ANALYSIS OF RESULTS

Modifying Table 4 above discloses that there 
are two principal sources of variation in the 
fabric wear experiment: The wear upon Fabric B 
and that upon Fabric C. By far the largest and 
most statistically significant source of variation 
among the four fabrics was that of fabric C, 
which contributed nearly 35% of the total, 
corrected variation.  This variation is significant 
at approximately the 98% level.  Second in the 
contribution to total corrected fabric wear 
variation was fabric B, contributing nearly 12%.  
For fabric B the value of F0 = 3.5, with a 
significance of about 90%.  It will also be seen 
from the above Table 4 that variation due to 
Position and Experiment adjusts to zero, which 
indicates the effectiveness of blocking, such as 
that inherent in a Latin Squares design, in 
distributing and minimizing random variation. It 
is desirable at this point to know whether any of 
the fabrics provides significantly superior wear 
characteristics to any of the others. To further 
analyze the wear characteristics of the each of 
the fabrics, it is necessary to consider a plot of 
their individual wear results.  The plot for these 
is shown in Figure 2.


B D A C

22 24 26 28 30 32

Figure 2: Distribution of fabric wear means

It will be seen that the above plot of fabric wear 
means is centered upon  = 26: Fabric A being 
exactly upon the mean, and the combined 
weights of fabrics B and D being equal to that of 
fabric D. Further, it will be seen that they are 
distributed somewhat symmetrically about the 
mean.  This approximate symmetry suggests that 
these means might be described by some 
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distribution that is symmetrical about its mean. 
It would thus be desirable to determine the 
amount of variation contributed to the total by 
the mean for each additive. It is desirable also to 
know the contribution of each of the fabrics to 
the total fabric variation.  To obtain this we 
calculate the fractional component wear for each 
fabric to the total wear.  This is done as … 
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The fractional components for fabrics “B,” “C,” 
and “D,” are calculated in a similar fashion.  The 
results for the fractional contribution of each 
fabric …

fA = 0.247 fB = 0.193 fC = 0.350
fD = 0.210

Then, multiplying each fraction by the total 
fabric wear variation, the following results are 
obtained:

SA = 44.1 SB = 34.5 SC = 62.6
SD = 37.5

Now it can be seen that the variation of fabric 
“A” contributes approximately one-fourth of the 
total variation, while fabrics “B” and “D” are 
well below average, each contributing together 
almost exactly 40% of the total variation.  
Further, while fabric “C” exhibits the greatest 
wear variation, it still accounts for only 35% of 
the total wear variation.  Hence, if there is 
excessive wear associated with any of the 
fabrics, it will be found in fabric “C.” 
Consequently, we now test fabric “C” to 
determine whether it is statistically inferior to 
the mean of all four fabrics.  In order to do this 
we employ a Student’s “t” Test which adjusts 
for small sample sizes.  The null hypothesis for 
this test is …

Ho: C = Average{A + B + C + D} 

And the alternate hypothesis …

H1: C > Average{A + B + C + D}

The standard deviation of the four fabrics about 
the mean is calculated as …

3

2
4

1
]xx[

s k
k 

 

56.3s 

Then using the sample standard deviation of 
s the t0 statistic is calculated as …

404.1
56.3

2631t0 




Entering a table of “t” statistics for three degrees 
of freedom, we perform the “t” test using the 
positive tail for “t0” and find that the value of 
1.404 is significant at about the 12.7% level. 
This means that approximately 13% of the time, 
for the above standard deviation, the difference 
between C and  would be greater than five.  
Consequently, we affirm the null hypothesis, 
and deny the alternative: There is no significant 
difference among the four fabrics as to their 
wear capability.  As a matter of fact, for C to be 
significant at the 95% level it would have to 
have a “t” statistic of approximately 2.35.  This 
indicates that C would have to be 
extraordinarily large to exhibit significant wear 
at the 95% level.  If we compare the best fabric, 
fabric B, with the worst, fabric C, we find a “t” 
statistic of …

0

3123
2.25

3.56

t




This corresponds with a significance level of 
approximately 5.5%, so that the difference 
between the best and the worst fabrics does not 
reach a significance level of quite 5%.  Then 
referring back to Table 4, the results of the 
experiment may be summarized by saying that 
the effect of fabric C was significant in the 
overall variation of the experiment at only about 
the 13% level, but that no one fabric was 
demonstrated to have superior wear over any of 
the others.
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The only remaining part of the analysis to be 
done is to estimate the range for the mean wear 
for the four samples.  In doing so, we estimate 
the range of the mean for a probability of 95%.  
Here the �exp refers to the mean of 26 
established experimentally for the four fabrics 
tested. The equation to be used for this estimate 
is to be found in Taguchi (1988) and is …

nVF
e

1**1
7exp e

μ

4
1*0.13*59.526 μ

26.426 μ

Consequently, the mean for the wear of all four 
fabrics is seen to lie within the range of 21.74 to 
30.26 with a probability of 95%.

5.  CONCLUSIONS

This analysis has taken data originally analyzed 
by classical analysis of variance techniques, and 
has demonstrated how it might be analyzed with 
Taguchi’s approach of partitioning variation into 
orthogonal components.  Ordinarily, such 
partitioning discloses that the successively 
higher order components of variation become 
decreasingly important and may be cast with the 
random variation.  In this particular analysis, 
however, the partitioning was done upon data 
obtained from a Latin Square design.  Since such 
designs are employed to distribute random 
variation over all outcomes to the greatest extent 
possible, the higher order components of 
variation, although not significant, did not 
follow the usual pattern.  In the case of the 
position variation, SP, the second order 
component was smaller than the first, and the 
third order component between the first and the 
second.  In the case of experiment variation, SE, 
the quadratic component was larger than the 
linear, and the cubic larger than the quadratic. 
However, none of the components was found to 
be significant, and consequently, all were cast 
into the error variance.

Further, it was found that no one of the fabrics 
exhibited significantly better wear 
characteristics that any of the others.  Now in 
interpreting these results in must be borne in 
mind that the data for fabric wear were 
measured as the amount of material removed 
from each sample in milligrams. Since this is the 
case, the larger the measured value, the less 
desirable the wear characteristic of the fabric.  
Thus, the experiment determined the order of 
preference for the fabrics in terms of wear to be 
B, D, A and C.  This means that fabric B 
deposited the least wear residue, and fabric C the 
most.  Fabric C was found to exhibit the greatest 
wear under the test conditions, even though on 
the basis of the “t” test the wear characteristics 
were not found to be significantly different.  In 
order for fabric C to have demonstrated 
significant inferiority at the 5.0% level, it would 
have to have deposited approximately 34.38 
grams of residue instead of the 31 grams 
determined by the experiment.
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 Source of 
Variation  f S V F0 S' 

Position Sp 3 21.8 7.3 0.6 0.0 0.0

Experiments Sr 3 13.4 4.5 0.3 0.0 0.0
SB 1 45.6 45.6 3.5 32.6 11.5Fabrics
SC 1 111.3 111.3 8.6 98.3 34.8

Error S(e) 7 90.9 13.0 ------ 152.0 53.7
Total  15 282.9  282.9 100.0

Table 4: Modified analysis of variance results for fabric wear experiment
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 Abstract 

The importance of purchasing in global 
competitiveness has been steadily growing 
during the past few years.  Conjointly, packag-
ing has steadily increased in importance because 
of its dual function in shipping advertising and 
shipping. In this article, the authors employ the 
Quality Function Deployment (QFD) methodol-
ogy to analyze the common purchasing problem 
of supplier selection for toothpaste packaging.  
Thus, a well established approach in quality 
management is adapted for use in the entirely 
new context of supplier selection in purchasing.

1. Introduction 

During the past quarter of a century, 
there has been an increasing awareness of the 
vital role played by purchasing in enabling a 
company to be competitive.   One of the most 
important aspects of purchasing is supplier 
selection.  A continuing challenge of supplier 
selection is that of qualifying innovative 
suppliers that can deliver products of quality, 
cost and on time (Ramadan and Schmits, 2006). 
Along with the increased importance of 
purchasing there has developed an increasing 
consciousness of the importance of packaging in 
increased sales and market share.  Many 
universities, which formerly had no courses in 
packaging, now offer degrees with a major in 
packaging. Consequently, packaging, along with 
purchasing, also has become a vitally important 
aspect of competitiveness.  This conjunction in 
the importance of packaging and purchasing has 
also led to an operational interface between the 

two. In this paper, we develop a case based upon 
this growing operational interface between 
packaging and purchasing, in which it is desired 
to qualify a supplier to provide toothpaste 
cartonage. Further, the qualification process 
utilizes Quality Function Deployment (QFD), a 
process well known in the area of product 
design, development and improvement, but with 
limited use in supplier qualification (Ansari and 
Modarress, 1994).  

As this case is developed, the Personal 
Care Products Division of the XYZ Corporation 
has been challenged to lower its expenditure on 
Toothpaste production by 5%.  Having 
examined the cost structure of the ABC 
Toothpaste brand, Purchasing Management has 
determined that the Carton spend pool has the 
best opportunity to deliver these savings due to 
its track record for having an attractively large 
spend, an amount of $18M a year, and a 
competitive supply base.  Competition is strong 
due to the broad technology platform that allows 
many suppliers to be considered.  Also, since 
business is robust, longer production runs will 
allow the suppliers to gain better economies of 
scale.  There is a great deal of SKU prolifera-
tion, since each of their major customers (Wal-
Mart, Costco, Kroger, etc.) want something 
unique, which necessitates that suppliers build 
flexibility into their production processes.  The 
result of all of this is emphasized importance 
upon the role of packaging, and upon the role of 
purchasing in product packaging development.  
Thus, the paper is interdisciplinary in its 
approach. 
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 In this paper, we propose a three-phase 
Quality Function Deployment framework to 
assist supply managers in communicating 
stakeholder expectations when selecting a 
packaging supplier.  We illustrate the usefulness 
and limitations of this approach using a case 
study from a large consumer products company.  
This paper contributes to the literature in that it 
employs a well-known process, QFD, in an 
application where it has not been used before.  

2. Literature Review
Bossert (1991) noted that QFD is a tightly 

structured methodology used for integrated 
product development, and also in product 
improvements, which are often found necessary 
when a product begins to lose market share to 
competing products.   This methodology is an 
integral part of Total Quality Management 
(TQM) and was originated by Dr. Yoji Akao in 
the mid-1960s (Akao, 1997).  Dr. Akao, along 
with Dr. Shigeru Mizuno, wrote the very first 
book on QFD.  QFD is defined by its originator 
as “ … a methodology that converts user 
demands into substitute quality characteristics 
(quality characteristics), determines the design 
quality of the finished good, and systematically 
deploys this quality into component quality, 
individual part quality and process elements and 
their relationships” (Akao, 1997).  QFD may 
also help multi-functional teams identify and 
prioritize customer requirements and relate these 
needs to corresponding product or service 
characteristics (Krieg, 2004; Kaufmann and 
Carter, 2009). The so-called House of Quality 
(HOQ) is an extension of basic QFD. HOQ is a 
series of matrices that relate initial customer 
requirements to the manufacturing operations 
that must be employed to satisfy those 
requirements.  A typical HOQ sequence is 
shown in Figure 1. 

QFD has been a central feature in 
implementing Total Quality Management 

(TQM) projects (Summers, 2005).  Over the 
years, QFD has attracted attention from a wide 
range of progressive industrial organizations in 
the US including Ford Motor Company, General 
Motors, Rockwell International, AT&T, DEC, 
Hewlett-Packard, and Polaroid (Schubert, 1989). 
Although most of the reported applications have 
been in the area of product development and 
improvement, QFD also has been successfully 
applied as a strategic planning tool for service 
improvement projects (Maddux, et al, 1991).  As 
a matter of fact, QFD is such a generalized 
approach that it can be used in applications well 
outside the traditional ones in integrated product 
development.  It is so flexible that it can be 
modified to provide a flexible, integrated 
planning framework to facilitate planning in 
areas such as planning process improvement 
projects (Benjamin, et al, 1996), planning for 
technology transfer on information technology 
projects (Khawaja and Benjamin, 1996), 
business planning in small companies (Ferrell 
and Ferrell, 1994), and manufacturing strategic 
planning (Crowe and Cheng, 1996).  The HOQ 
approach may be adapted to any number of 
phases.  Benjamin, et al. (1998) have even 
modified the QFD approach for use in academic 
course planning. This adaptation is shown in 
Figure 2. 

QFD has been used in many contexts, 
however, it has had limited application in 
supplier selection.  Other methodologies 
proposed for the analysis of procurement 
decisions include modeling (Choi and Kim, 
2008; Lam and Tang, 2006; Narasimhan, 2006; 
Weber et al 2000); reverse request for proposal 
(Stright and Candio, 2006); analytical network 
processes (Ozden, 2006); and data envelopment 
analysis (Al-Faraj, 2006).  Building on the work 
of Benjamin et al. (1998), a single-phase HOQ is 
proposed as the model for supplier selection.
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3. Case Study from Industry 

In the case study from the consumer 
product company described in this paper, we 
analyze a modified single-phase QFD process 
used to facilitate effective communication 
among stakeholders during the selection of a 
packaging supplier.  This approach can assist 
supply management professionals by facilitating 
quick identification and prioritizing of the 
packaging supplier that would deliver critical 
product packaging characteristics.

The case study was conducted at XYZ 
Corporation, one of the leading consumer 
products companies in the world engaged in the 
manufacturing of a variety of products, such as 
toiletries and cosmetics, small appliances, 
consumer durables, consumer electronics, and 
other household items.  The company structure 
includes a division dedicated to the managing 
corporate direct and indirect spend.  The 
division, henceforth referred to as Purchasing, 
manages over $60 billion (US) in spend for the 
corporation each year.  

In the past, carton buyers have achieved 
savings in a variety of ways: Through 
negotiations, change in supplier, or by 
streamlining material specifications.  In terms of 
specifications, many experts have explored the 
value of various printing technologies and their 
impact on packaging costs.  There are 
identifiable advantages for utilizing each 
technology. Historically, various combinations 
of material/logistics prices, yearly savings, 
contract periods, printing technology, as well as 
tooling cost, all have been considerations in 
technology selection. 

For 2-3 years board mills have been 
caught between rising energy, waste paper and 
operating costs, and the inability to increase 
prices due to supply overcapacity. There has 
been massive industry restructuring over the past 

18 months in NA and Western Europe. On 
recycled board, 3 top companies Supplier A, 
Supplier C, and Supplier D represent 75% of the 
market vs. 55% a year ago. Capacity utilization 
is now close to 100%.  As a result, the industry 
has recently been able to implement sharp price 
increases in an attempt to recover increases in 
costs and lost margins. Board prices are now at 
historically high prices, following years of 
sluggishness.  Going forward, further industry 
rationalization (reduction in capacity through 
closure or other consolidation) is expected in 
North America and Western Europe.  Large 
capacity increases in China, are dedicated for the 
moment to domestic growth. Within the next 
year, 5-10% further price pressure is expected 
on carton board across the industry.

Conversion is the process of transforming the 
board into a finished carton.  A large portion of 
the industry is backward integrated into board 
mills to facilitate conversion.  The industry has 
seen an unprecedented level of mergers, 
acquisitions and private equity buy outs over the 
past year, affecting P&G’s largest suppliers.  
Due to increased production costs, companies 
are restructuring, idling or shutting down 
underperforming capacity impacting the 
availability of supply in the marketplace.  As 
converters are subjected to the record high board 
prices, increased feedstock prices must be 
passed on to customers.  This, in turn, exerts 
cost pressure on the customer firms to reduce 
costs in order to remain competitive.

4. Methodology and Findings 

A small team from the company, 
comprised of employees from purchasing, 
engineering, manufacturing and marketing, was 
charged with the responsibility of developing 
competitive packaging while reducing costs.  A 
critical success factor would be effective 
communication with all stakeholders, to obtain 
the critical feedback in a timely manner to guide 
the design and manufacturing of the proposed 
packaging.  The following five step procedure 
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was adopted to provide a rapid, structured, 
integrated approach to selecting a packaging 
supplier:

Step #1 - Define the customer:  The customer is 
the consumer products company.

Step #2 - Identify the critical components of the 
packaging to be delivered and establish the 
importance of each critical component 
(WHATs)

Step #3 - Identify relevant suppliers for the 
packaging components (HOWs).

Step #4 - Map the HOWs into the WHATs:  The 
supplier management team mapped the HOWs 
into the WHATs by assigning ratings on a 1-3-9 
scale (1-weak; 3-medium; 9-strong) to indicate 
the relationship between each HOW and 
WHAT.

Step #5 - Develop a House of Quality:  The 
supplier management team constructed a 
spreadsheet-based model to facilitate 
computation of the row and column totals and 
the ranking of the suppliers under consideration.

Figure 3 shows the single-phase HOQ used 
by the company for supplier selection.

Prior to making the sourcing decision it was 
important to assess the impact of the critical 
value factors.  Figure 4 evaluates the four 
suppliers against the critical value factors.  The 
valuation factors were then utilized to analyze 
the four suppliers selected to compete for the 
contract.  The suppliers were noted as A 
(incumbent), B (a new entrant), C (a minority 
business entrant), and D (a former incumbent).  
Each supplier demonstrated unique strengths and 
weaknesses associated with the nature of their 
business.  Supplier A received the highest score 
of 101.0 out of a possible 153, after receiving 

the highest scores in four of the seven critical 
value factors.  Supplier D came in second place 
with 85.0 points.  Suppliers C and B came in 
third and fourth, respectively, with scores of 
71.0 and 57.0. Table I summarizes the results of 
the House of Quality for the potential packaging 
suppliers.

5. Conclusion 

The QFD process led to a rapid 
identification of those suppliers most capable of 
providing the product characteristics at the time 
of study.  The rankings enabled the rapid 
development of supplier selection, which then 
could be readily communicated to the numerous 
stakeholders for feedback. Cross-functional 
teams were able to make contributions in all 
steps of the development.  QFD has proven to be 
an effective tool in managing product/service 
development in the manufacturing industry, in 
software development, and in service industries.  
It can provide a powerful framework for 
enhancing effective communication, defining 
clear and accurate tasks, and achieving effective 
resource utilization.  This makes the technique 
attractive for adoption as a planning tool to 
enhance any group decision-making process.  In 
the case study described, the structured QFD 
process facilitated effective communication 
among all stakeholders, potential suppliers, 
marketing, design, engineering development, 
manufacturing, production and purchasing 
efforts (Ansari, 1994).  

The case study illustrates the flexibility of the 
QFD framework in providing a robust meth-
odology for achieving effective communication 
among the stakeholders during the design and 
development of new toothpaste packaging.  
Although a more complex, multi-phased, QFD 
process is often necessary to achieve a sound 
understanding of the interrelationships among 
the variables in a particular application, the 
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single-phase approach described in this paper 
proved adequate for our purposes of 
understanding the interrelationships among 
packaging components, providing good answers 
in a timely manner, and serving as a sound tool 
for communication with stakeholders..
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Figure 1: House of Quality
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Figure 2: Single-Phase HOQ for Curriculum Development (Benjamin et al. 1998)
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Figure 3: Single-Phase House of Quality for Supplier Selection
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Abstract

A perennial problem in industrial design is that 
of designing a product in such a way as to 
optimize (maximize or minimize) the product 
design parameters to optimize the performance 
of the product.  In this paper, we utilize data 
from the design of a turbine engine to 
demonstrate how Taguchi methods might be 
employed in the design of a turbine engine to 
optimize the performance of the turbine engine. 

1. Introduction

Statistical experimental methods have 
emerged as a powerful method for analyzing 
cause and effect relationships among factors 
over the past 75 years.  Design of experiment 
(DoE) methods are used in industry for process 
improvement and optimization purposes (Singh 
et al., 2006; Huang and Lin, 2004).  Taguchi 
(1986) introduced a simplified and modified 
DoE approach, which has been widely adopted 
in industry.  More recently, the power of 
Taguchi’s approach has resulted in wide 
acceptance to a broad range of industrial 
applications in which it is necessary to estimate 
all of the components of variation, including 
interactions. 

The versatility of Taguchi’s methods is 
demonstrated their use in such wide ranging 
applications as cloth quality evaluation,  the 
design of clothing, bearing deflections, electrical 
power consumption (Taguchi, 1988b), bank and 
insurance contracting, diesel engine nozzle 
design, and many other types of problems in  
engineering and science (Wright, 2002).  One 
limitation of the method is that the actual 
process tends to cause disruption in the plant, 
and may be uneconomical (Sukthomya and 
Tannock, 2005).  In recent years, researchers 

have developed approaches (Neural Networks 
(Guh and Tannock, 1999); and Evolutionary 
Operations (Box 1957) to test process 
parameters, without production interruptions. 
However, in this study, classical experimental 
analysis and Taguchi Methods, without actual 
experimentation, are used to investigate process 
parameter effects.

In the design of turbine engines it is 
desirable to have as large a pressure differential 
across the engine as possible, since this a vital 
aspect of achieving thrust.  In this paper we 
examine three of the principal control factors in 
turbine engine operation, pressure, temperature 
and inlet velocity, along with factor interactions, 
using Taguchi methods.   The type of analysis 
employed is what is known as a factorial 
analysis in which each factor is examined at 
three levels.  An analysis of variance is then 
performed to estimate the effects of these control 
factors upon the pressure drop across the turbine 
engine.  Data for this analysis were obtained 
from a rather old experiment cited by 
Montgomery (1991) 

2. Literature Review

The work of Sir Ronald A. Fisher of 
England (Fisher, 1942) is credited with the 
immense contribution to experimentation several 
decades ago (Kempthorne, 1967).  Up to the 
time that Fisher began his important work, 
estimation of population parameters and tests of 
hypotheses were performed 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 from the 
population (Fisher, 1942).  This insight 
revolutionized the entire field of experimental 
analysis. As a matter of fact, it was Fisher who 
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originated most of the ideas used in modern 
experimental method (Box, Hunter and Hunter, 
1978).  

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 this 
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 readily 
took hold. At the time Deming began work with 
the Japanese, he had been using statistical 
methods to improve quality (Sutterfield and 
Kelly, 2005), and soon began teaching them 
Statistical Quality Control. The Japanese had 
already discovered that statistical methods could 
be employed for much more than monitoring 
and improving quality (Montgomery, 1991).  At 
about the same time, such pioneers as Ishikawa 
(1952), Masuyama (1955, 1956) and Taguchi 
(1956a, 1956b) had begun to use such methods 
to facilitate scientific experimentation. 

 In a third 1956 work, Taguchi published 
the original version of his monumental work on 
experimental method.  Although many other 
Japanese scientists have made many substantial 
contributions to the field of experimental 
method, it is 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 
(Montgomery, 1991).

3. 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 
experimental method has been discussed in 
detail by its trailblazers (Kempthorne, 1967; Box 
et al., 1978), as well as a previous work by one 
of the current authors (Sutterfield, Drake and 
Kelly, 2005).   This latter work may be consulted 
for a concise statement of the philosophy and 
approach of the experimental method. 

The methodology applied in this analysis of 
turbine engine optimization was of a type known 
as Factorial Analysis. In applying any 
experimental method, it is first necessary to 
decide upon which parameters, along with their 
interactions, are relevant to the phenomenon 
under investigation.  These parameters then 
become the control factors for the investigation, 
while the phenomenon under investigation 
becomes the response factor.  Next, the range 
over which the control factors will be 
investigated must be determined.  Depending 
upon the number of control factors, and the 
range over which each will be investigated, the 
type of the experiment is selected.  If not more 
than three control factors are selected for 
investigation, the method of orthogonal 
polynomials might be selected.  However, even 
for three control factors the mathematics for 
orthogonal polynomials becomes quite complex. 
Consequently, for three or more control factors, 
the method of factorial analysis is usually 
chosen. 

Factorial analysis is an experimental 
method that permits investigation of large 
numbers of control factors, and their 
interactions, at several levels. Factorial analysis 
relies upon a mathematical construct known as 
orthogonal arrays.  These were first studied by 
the great Swiss mathematician and physicist, 
Leonhard Euler (1707-1783), and were 
originally viewed as a type of mathematical 
recreation (Taguchi, 1988).  Since Euler’s time, 
they have been studied extensively by Joseph 
Leonard Walsh (1895-1973) and others as a part 
of the general investigation of orthogonal 
functions (Taguchi, 1988).  Factorial Analysis 
has been in use for upward of 70 years and was 
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extended considerably through the efforts of 
Frank Yates (1937, 1970).    

Orthogonal arrays have the curious property that 
if the numbers of the columns for any two of the 

 

principal factors are added together, the number 
of the column is obtained in which the 
interaction results for those two factors involved.  
For example, if factors “A” and “B” were of 
interest, their corresponding columns are “1” 
and “2.”  If “1” and “2” are added together the 
result is “3,” meaning that “3” is the number of 
the column in which the interaction of “A” and 
“B,” “AxB,” is to be found.  It may be  verified  
that similar results will be found for the factor 
combinations of “A” and “C,” as well as for “B” 
and “C.” An example orthogonal array of type 
L8 (27) is shown below in Figure 1.  

Figure 1: Example orthogonal array of 
type L8 (27)

The application of orthogonal arrays does not 
limit Factorial Analysis to two factor levels; 
arrays have been developed for three or more 
levels and for very large numbers of factors.  For 
example, the designation L27 (313) indicates an 
array with thirteen factors to be tested at three 
levels.  It should also be seen that once an 
orthogonal array is selected for an experiment, it 
becomes a template for conducting the experi-
ment.

4. Application of Methodology

The experimental data used for this analysis 
were obtained from a turbine engine analysis 
performed some years ago.  Three control 
factors were employed in the original 
experiment, those of pressure, temperature and 
air speed.  The response factor was the pressure 
drop across the engine.  Since the pressure drop 
across the engine is indicative of its efficiency, it 
was desirable to investigate which of the control 
factors, and their interactions, most affected the 
engine pressure drop.  The original data from 
this experiment are shown below in Table 1.

Table 1: Data from turbine engine 
experiment

It will be seen for this experiment that the effect 
of inlet pressure was examined at three levels: 
that of gas temperature at three levels and that of 
speed at four levels.  It will further be observed 
that the experiment was repeated for each of the 
three inlet pressure conditions. Thus, in order to 
perform this experiment using an orthogonal 
array, one of order L36 (4x32) would have been 
required.  This means an orthogonal array with 
36 rows to analyze one control factor at four 
levels, and two control factors at three levels.  
Since analysis of the original data would have 
required a level of analysis well beyond the 
scope of this paper, this data was modified by 
removing the values in Table 1 for airspeeds of 
200 ft/sec.  This yielded the modified data as 
shown in Table 2.

Table 2: Modified data from turbine 
engine experiment

Through modifying the data in this way, the 
extreme points of the data range were retained, 
as well as the center point the range.  This made 
it possible to perform a much simpler analysis 
without the loss of any essential information.  
The resulting array was one of order L27 (33), 
viz, an orthogonal array of 27 rows, to analyze 
three control factors, each at three levels.   One 
of the distinctive aspects of Taguchi analysis is 
that a working mean is deducted from each of 
the data points to simplify analysis.  In effect, 
this deducts the effect of the mean variation 
from the data, along with one degree of freedom. 
This means that all variations are calculated 
around this working mean.  In the present 
instance, a working mean of 20 was deducted 
from each of the data points in Table 2 to yield 
the values shown in Table 3. 

Table 3: Coded data from turbine engine 
experiment

As noted above, the orthogonal array chosen to 
analyze this data was an L27 (33), meaning an 
array with 27 rows to analyze three factors, 
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along with their interactions, each at three levels.  
This array is shown below in Table 4.

Table 4: Coded data from turbine engine 
experiment formatted in L27 (33)

5. Results

First, we calculate the correction factor for the 
response variables.  This is simply the square of 
the sum of the response variables divided by 54, 
the total number of response variables.  This 
calculation is performed as follows …

The total variation is obtained by summing the 
squares of the coded values in each of the two 
columns labeled “RV,” and deducting the square 
of the sum of these divided by 54, the number of 
coded values.  This is illustrated in the following 
calculation:

Then substituting the coded data for the response 
variable from Table 3 ….

The effect for a given control variable is 
obtained by summing the values of the response 
factor for the “1s” in a given column, summing 
the values of the response factor for the “2s” in 
the column, and then the 3s in the column.    
Next, each of the three sums is squared, these 
three sums added, and divided by eighteen. 
Lastly, the correction factor is subtracted from 
the sum of the squares.  The result of the 
calculation for an effect is known as the 
variation.  For an L27 (33) orthogonal array with 
repetitions such as ours, the variation for any 
control variable may be written as …

where …

RV1 – the value of the response variable 
at the low level of the control factor in question

RV2 – the value of the response variable 
at the intermediate level of the control factor in 
question

RV3 – the value of the response variable 
at the high level of the control factor in question

  CF – the value of the correction factor

This computation is illustrated for control factor 
T, the Temperature, as follows:
 

Σ(coded values corresponding with “1s” 
in column for A) = -36

Σ(coded values corresponding with “2s” 
in column for A) = 114

Σ(coded values corresponding with “3s” 
in column for A) = -57

 

The variations for the remaining control factors 
and their interactions were calculated similarly.  
The error term was calculated in the manner just 
outlined.  The experimental error calculated by 
deducting the sum of the control factor 
variations, along with their interactions, from the 
total variation, ST.  This approach is shown by 
the following equation: 

The results of these calculations are shown in 
Table 5.

Table 5: Analysis of variance of turbine 
engine data

Now, consulting a table of F values (Taguchi, 
1988) for a 95% confidence level with 2 
degrees-of-freedom for the numerator and 27 for 
the denominator, yields a critical value of 3.35.  
Thus, temperature and speed prove to have 
significant influence on pressure drop at the 95% 
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level, while pressure itself does not.  Again, 
consulting the table of F values for a 95% 
confidence level with 4 degrees-of-freedom for 
the numerator and 27 for the denominator, yields 
a critical value of 2.73.  Once again, it will be 
seen that there is a significant interaction 
between T and S (TxS) at the 95% level, while 
none of the other interactions is significant.  As 
a matter of good practice in experimental 
method, once the significant sources of variation 
are identified, The ANOVA table is condensed 
to include only the significant sources of 
variation.  Thus, Table 5 has been modified as 
shown in Table 6.

Table 6: Modified analysis of variance of 
turbine engine data

Table 6 provides a modification of Table 5 to 
include only the significant sources of variation 
for the pressure drop across the turbine engine.   
These proved to be air temperature (T), air speed 
(S), and the interaction between the two (TxS).  
It will be seen that Table 6 includes two 
additional columns not found in Table 5.  This 
revised table format demands a bit of 
explanation. The first is the column labeled S’ 
and the second labeled  ρ (%).  The first, S’, is 
the net variation.  The values for S’ were 
obtained by removing one error variation for 
each degree of freedom from the values in 
column S.  Thus, the net variation for 
Temperature, the value of 916, was obtained by 
deducting 2*29 from 974.  Other net variations 
were obtained similarly, any slight differences 
being due to round-off error.  The net variation 
for error was then increased by the amounts 
deducted from each of the control variables, a 
total of 232, to obtain 1,556 for the net error 
variation.  

The second column, labeled ρ(%), tabulates the 
percentage of variation attributable to each 
control variable, as well as that attributable to 
the experimental error.  Thus, the percentage of 
experimental error due to temperature is nearly 
29%.  The error variation turned out to be quite 
significant in this experiment, amounting to 
nearly one-half of the total variation.

6. Analysis of Results

The fact that the Temperature and Speed control 
factors has significant effects upon the pressure 
drop across the turbine engine did not come as 
any great surprise  Both terms affect  Bernoulli’s 
energy equation.  Neither did the fact that their 
interaction, TxC, was a significant source of 
variation. However, what did come as a bit of a 
surprise was the fact that the Inlet Pressure, P, 
did not cause a significant amount of variation.   
This was unexpected because Bernoulli’s 
equation contains terms for inlet and outlet 
pressure.   This is possible due to the fact that 
any change in the inlet pressure tends to change 
the outlet pressure by the same amount.  Thus, 
the change in pressure across the turbine engine, 
in our case the response variable being analyzed, 
would tend to remain constant.  This would 
mean that the control factor of inlet pressure 
would not cause a significant amount of 
variation.

It should be observed that the experimental error 
variation amounted to nearly one-half of the 
total variation.  This was somewhat predictable 
from a cursory view of Table 1 before the 
analysis of variance was undertaken.  This data 
has somewhat of an erratic appearance, in that 
there are no discernable patterns in it.  Although 
it cannot be determined with certainty at this late 
date, this irregular data may be due to a lack of 
care in setting up the instrumentation for the 
experiment, a lack of care in reading the 
instrumentation , or a lack of sensitivity of the 
instrumentation used.  Since the experiment is 
rather old, it is probable that this accounts for 
the rather high experimental error.  Had the 
experimental error been less, it is possible that 
the variation in other control factors would have 
been found to be significant.

7. Conclusions

The purpose of this paper was to analyze the 
data from a turbine engine experiment using 
Taguchi methods of experimental analysis to 
determine which of three control factors, along 
with their interactions, affected the response 
factor, pressure drop.  In order to simplify the 
analysis, the original set of experimental data as 
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shown in Table 1 was simplified to yield that 
which was shown in Table 2.  This was done by 
eliminating the column for air speeds of 200 
ft/sec.  This column was chosen so that the 
resulting data for the analysis were equally 
spaced.  Further, since this column was between 
two others that were kept in the analysis, no 
significant loss of information occurred.  Even 
with this data modification, the analysis of 
variance using Taguchi methods yielded 
identical results to the classical approach: The 
control factors and their interactions found 
significant were the same in both cases; no 
control factors found insignificant in one 
analysis were found significant in the other.  

The purpose of this paper was to indicate how 
Taguchi methods might be used to optimize 
turbine engine performance.  While an entire 
analysis is somewhat beyond the scope of this 
paper, the foregoing is an important step toward 
this objective.  The foregoing analysis has been 
useful in design optimization by way of 
identifying and eliminating one of the control 
factors, Pressure, which did not significantly 
contribute to the magnitude of the response 
factor. In order to obtain the control factor 
values to optimize turbine pressure drop, a 
desirable course of action would be to build on 
the foregoing analysis by using another 
quintessentially Taguchi experimental 
technique, that of orthogonal polynomials for 
continuous functions, to determine the 
maximum values for Temperature and Speed to 
effect the largest pressure drop.  It is the authors’ 
intention to extend the foregoing analysis in a 
future paper.   
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Table 1 – Data from turbine engine experiment

Table 2 – Modified data from turbine engine experiment
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Table 3 – Coded data from turbine engine experiment

Table 4: Coded data from turbine engine experiment formatted in L27 (33)
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Table 5: Analysis of variance of turbine engine data

Table 6: Modified analysis of variance of turbine engine data
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Abstract

     Two measures often used to assess the human 
body relative weight are waist circumference 
and Body Mass Index (BMI) using body height 
and weight. Although the latter is the most 
utilized given that it is simple and flexible, it has 
some demerits such as inaccuracy in screening 
the actual amount of stored body fat, a clear 
distinction between muscles and fat, and a 
limited application to pregnant women. With the 
proliferation of new bioelectrical impedance 
techniques, giving access to uncomplicated ways 
to obtain data on many body composition 
elements, there is a necessity to integrate new 
factors into a revised body mass classification 
tool. In this paper, a mathematical model is used 
to evaluate a model for body mass. The results 
show that the proposed new model yield more 
than 90% accuracy of body mass while 
maintaining the simplicity of the original BMI 
model. 

1. Introduction

     Obesity is linked to the presence of excess 
body fat. Fats, according to biochemists, are 
macromolecules that belong to a group of 
compounds composed of long hydrocarbon 
chains and glycerol. There are two subgroups: 
unsaturated fats and saturated fats. Unsaturated 
fats that stay liquid at room temperature, such as 
corn oil, are sought after by health-conscious 
consumers. Saturated fats that are solid at room 
temperature, such as butter, are necessary 
ingredients in many delicacies. Unfortunately, 

other substances consumed by the body and not 
used for energy are stored in the form of fats. 
When too much fat is stored in a body, this body 
enters the state of obesity [1]. 
     Obesity is very common among African 
Americans and their children. In a study 
conducted on students in third through fifth 
grade in Mississippi, thirty nine percent of the 
boys and forty nine percent of girls were at risk 
for obesity. These students also showed high 
risk for cardiovascular and behavioral issues. 
The condition of obesity is no longer viewed as 
simply an outward and aesthetic physical 
problem. Obesity is a serious health condition 
that could possibly lead to death. Obesity is not 
just a nationwide problem, but also a global one 
[2].
     By using a weight scale, a person can easily 
determine whether he or she has gained weight 
or not. However, since obesity is closely linked 
to health risks, knowing one’s weight is 
insufficient to distinguish if one is obese or just 
overweight. Thus, Body Mass Index is often 
used as a measure of obesity. The rationale for 
the Body Mass Index can be explained by the 
definition of obesity established by Stunkard and 
Wadden (1993) [3] and the National Research 
Council [4]. According to these two sources, 
obesity is an excessive proportion of body fat or 
adipose tissue in relation to lean body mass. 
Thus, the BMI measurement is based on a 
person’s weight and height. BMI is defined as 
the weight in kilograms divided by the square of 
the height in meters (kg/m²). For example, an 
adult who is five feet tall (the height must be 
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converted to meters) and weighs 98 pounds (the 
weight must be converted to kilograms) will 
have a BMI of 19.  This person is neither 
overweight nor obese. 
     A BMI above 25 kg/m² is defined as 
overweight, and a BMI of over 30 kg/m² 
signifies obesity. A BMI of 40 or more is 
considered a condition of severe obesity. These 
markers provide common benchmarks for 
assessment purpose only: the risks of disease in 
the general populations can increase 
progressively from the lower to the higher BMI 
levels [5]. These values are used only for the 
general population in the United States. 
However, even within the American population, 
the BMI measurement is not accurate for 
pregnant women [1].
     The results given by the BMI calculation do 
not measure the actual amount of stored fat in 
the body. This is a crucial consideration as only 
the actual amount of stored fat is directly related 
to the risk of diseases. The actual measure of 
body fat can be determined either by underwater 
weighing or by dual energy x-ray absortiometry. 
However, these procedures are either 
inconvenient or expensive. Since BMI numbers 
have shown a correlation with the actual amount 
of body fat it is often utilized [1]. Despite the 
high reliability of the BMI in determining the 
degree or extent of overweight and obesity, it 
has its limitations. For example, athletes may 
have a high BMI but the extra weight may be 
attributed to muscles and not fat. Older people 
may appear to have lower BMI as a result of 
losing muscle mass [1].

2. Literature review

     In a recent study, Romero-Corral et al. found 
that BMI-defined obesity was present in 19.1% 
of men and 24.7% of women, but that obesity as 
measured by body fat percentage was present in 
43.9% of men and 52.3% of women [6].  
Moreover, in the intermediate range of BMI (25-

29.9), BMI failed to discriminate between body 
fat percentage and lean mass. The study 
concluded that the accuracy of BMI in 
diagnosing obesity is limited, particularly for 
individuals in the intermediate BMI ranges, in 
men and in the elderly. These results prompt the 
need for a better assessment tool.
     In another analysis of 40 studies involving 
250,000 people, heart patients with normal 
BMIs were at higher risk of death from 
cardiovascular disease than people white BMIs 
putting them in the overweight range (BMI 25-
29.9). Patients who were underweight (BMI 
<20) or severely obese (BMI >35) did, however, 
show an increased risk of death from 
cardiovascular disease. The implications of this 
finding can be confounded by the fact that many 
chronic diseases, such as diabetes, can cause 
weight loss before the eventual death. In light of 
this, a better model is needed, which was one of 
the requirements of this project.
     Moreover, major research studies that 
investigate obesity focus on the identification of 
the linkage of obesity with fast food restaurants, 
the obesity of baby boomers, and obesity and 
aging [7]. With regards to the fast food 
restaurants, “young adults who eat frequently at 
fast-food restaurants gain more weight and have 
a greater increase in insulin resistance in early 
middle age” [8]. As for the relationship between 
arthritis and obesity among baby boomers, it 
was shown that between the ages of 35-44, 
between 28 percent and 32 percent of baby 
boomers were obese. At the same age, only 14 
percent to 18 percent of the silent generation 
was obese. In addition, the percentage of obesity 
in baby boomers between ages 25 and 44 was 
nearly identical to that of the silent generation 
when they were 10 to 20 years older. Therefore, 
baby boomers are becoming more obese earlier 
than the previous generation and are living 
longer with the health effects of obesity [9]. 
Furthermore, the National Institute of Aging 
[10], 2005 published a study that found obesity, 
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as a factor, which can shorten the life 
expectancy of the average American. Based on 
their calculations, the researchers estimated that 
life expectancy at birth would be higher by 0.33 
to 0.93 year for white men, 0.30 to 0.81 year for 
white women, 0.30 to 1.08 year for black men, 
and 0.21 to 0.73 year for black women if obesity 
did not exist [10]. 

3. Multiple regression 

     The general purpose of multiple regression, 
used the first time by Pearson in 1908, is to learn 
more about the relationship between several 
independent or predictor variables and a 
dependent or criterion variable are present. 
Multiple regression is used when three or more 
measurement variables [11].  The purpose of a 
multiple regression is to find an equation that 
best predicts the Y variable as a linear function 
of the X variables [11].  

4. Purpose of the study

     A body composition analyzer provides 
critical body composition analysis through the 
use of bioelectrical impedance analysis (BIA) 
technology. BIA is a commonly used method for 
estimating body composition. Since the first 
commercially available devices using BIA 
technology in the 1980s, the method has become 
popular because of its ease of use, portability of 
the equipment, and it’s relatively low cost in 
comparison to some of the other methods of 
body composition analysis. It is familiar in the 
consumer market as a simple instrument for 
estimating body composition elements. BIA 
actually determines the electrical impedance, 
which is the opposition to the flow of an electric 
current through body tissues [12]. Many of the 
early research studies showed that BIA was 
quite variable, and it was not regarded by many 
as providing an accurate measure of body 
composition. Nevertheless, recent year’s 
technological improvements have made BIA a 

more reliable and therefore, more acceptable 
way of measuring body composition [13].
Based on the above, BIA was used to collect 
body composition data in this study. Thepurpose 
of this study was to set up amultiple regression 
modelcapable of predicting accurately Body 
Mass Index of a normal weight or an overweight 
person without the previously stated constraints. 
Themodel was expected to have thefollowing 
features:

     1. Use body composition elements such as 
age, height, weight, total body water, muscle 
mass, physical rate, visceral fat, bone mass, 
metabolism age, and basal metabolic rate, as 
predictors.

     2. Apply body fat information that was 
collected from the same individuals as another 
predictor.

     3. The prediction accuracy is expected to be 
above 90%.

5. Methodology

5.1. Participants

     The participants in this study were 30 male 
volunteers with the following classification: 15 
normal weight and 15 overweight workers. They 
were between 18 and 67 years of age. They were 
employed at a major truck manufacturing 
company located in the Dallas-Fort Worth metro 
area in Texas that approved the study. The 
participants were not paid to complete the tasks 
of the study, but they were on business time. 

5.2. Procedure

     To collect the participants’ body composition 
information such as weight, body water, muscle 
mass, physique rating, basal metabolic rate, 
metabolic age, estimated body fat, bone mass, 
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and visceral fat rating, a scale manufactured by 
Tanita, model BC – 554, was used. To recruit 
the participants, fliers were distributed at the 
plant to invite the workers to sign up for the 
study.The company nurse assisted in the 
recruitment process by collecting the names of 
the volunteers prior to the experiment. The 
participants were provided an opportunity to 
sign an Informed Consent Form before 
participating in the study. They were categorized 
in two groups (normal weight and overweight) 
based on their computed BMI. The BMI 
computation was done at the conclusion of the 
study. For the classification purpose, a BMI of 
less than 25 was considered as normal weight 
and a BMI of equal or more than 25 was 
considered as overweight [5]. The data for this 
paper were part a larger study conducted at the 
plant.

5.3. Multiple regression modeling

     The purpose of the multiple regression 
analysis is to learn more about the relationship 
between several body composition parameters 
shown in Table 1. In addition to the main effects 
of these variables, effects of the interactions 
were included in the analysis. The model was 
expressed Equation 1:

R = β0 + β1A + β2H + β3W + β4T + β5M + β6P + 
β7V + β8B + β9E + β10N                 (Equation 1)

Where:
A - age
H - height
W - weight
T - total body water
M - muscle mass
P - physical rate
V - visceral fat
B - bone mass
E - metabolism age 
N - basal metabolic rate
βi - linear constants

     With the significance level set to 0.01 (α = 
0.01), the null hypothesis and alterative 
hypothesis for the model were:
H0: β1 = β2 = β3 = β4 = β5 = β6 = β7 = β8 = β9 = β10 
= 0

Ha: at least one of the predictors does not equal 
to zero. 

     A statistical software program, SAS version 
9.1, was employed in model testing. First, a 
correlation was conducted to see whether the 
measurement variables covary, and to measure 
the strength of any relationship between the 
variables for both predicted variables. 
Correlations of the predictor variables with the 
predicted variable from two data sets were 
reported as Pearson correlation coefficients by 
the linear multiple regression analysis (Table 1). 

Table 2.  Correlation of predictor to predicted 
Pearson Correlation 
Coefficients*Predictor Variables
BM CBF

Age 0.04390       0.21937
Height 0.00705       -0.05748
Weight 0.89904      0.83141
Total body water -0.79122       -0.92660
Muscle mass 0.36001 0.27036
Physical rate -0.51983       -0.72021
Visceral fat 0.78644      0.90096
Bone mass 0.59389       0.44002
Metabolism age 0.71459 0.88975
Basal metabolic rate 0.69104 0.52594

                    *R is the predicted variable

     The correlation coefficient of primary 
variables such as visceral fat, were much higher 
for both BMI and calculated body fat (CBF).  
Interactive variables associated with weight have 
greater correlation coefficients as well. Among 
the primary variables, total body water had the 
second greatest correlation coefficient, which 
suggested that total body water information 
should be ignored in the prediction. But, body 
metabolic rate, height and total body water 
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showed the weakest correlation among the 
correlation coefficient. This fact prompts to 
disregard body metabolic rate, height and total 
body water in the prediction. 
Following, a multiple regression analysis was 
conducted on two predicted variables; body 
mass (BM) (T1) and calculated body fat (CBF) 
(T2) obtaining two resulted models, M1 and M2, 
respectively.  Body mass and calculated body 
fats are two of several techniques which can be 
used to accurately estimatean individual fitness 
level.For the involvement of the interactive 
predictor variables, a total of 7 predictors from 
the original 9 variables were used in the 
regression analysis, as shown in Equations 2 and 
3. 
As illustrated in Table 2, both M1 and M2 
models had high R-squared of 0.966 and 0.994 
respectively. The adjusted R-squared values of 
the regression coefficients were 0.951 and 0.991 
respectively, which indicated high association of 
the R-squared with variances in the predictor 
values. All these evidence showed a strong 
linear relationship between the predictor 
variables and the predicted variable for both 
models.

Table 3. Model summaries
Model R-squared Adjusted R-squared
M1 0.966 0.951
M2 0.994 0.991

     The results of analysis of variance (ANOVA) 
of the models also supported strong linear 
relationships in the models (Table 3). The F 
values of the regression were 76.41 and 249.03 
for M1 and M2 respectively.
     These high F values indicated a great 
significance (α<.0001) for both models in 
rejecting the null hypothesis (H0) that every 
coefficient of the predictor variables in the 
model was zero. Instead, the alterative 
hypothesis, at least one of these coefficients did 
not equal to zero, was accepted. 

     Therefore, the linear relationship between the 
predicted variable (R) and predictor variables 
significantly existed. The coefficients of all 
predictor variables and the constants of the 
model are listed in Table 4. 

Table 5: Coefficients of the Models
Coefficients

Predictor 
Variable

M1 M2

Intercept 20.78712 18.42292
Age -0.17503 -0.07219
Weight 0.11802 0.37480
Muscle mass -0.01963 -0.00675
Physical rate 0.16793 -0.31685
Visceral fat 0.60308 0.01249
Bone mass -0.01410 0.12321
Metabolism age -0.00654 -0.03450

     According to these coefficients, the multiple 
regression models are built as shown in 
Equations 2 and 3 for M1 and M2 respectively.

M1:

                                                (Equation 2)

M2:

                                               (Equation 3)

6. Discussion and conclusion

     The medical establishment has generally 
acknowledged some shortcomings of BMI [14]. 
For the reason that BMI is dependent only upon 
weight and height, it makes simplistic 
assumptions about distribution of muscle and 
bone mass, and thus may overestimate adiposity 
on those with leaner body mass while 
underestimating adiposity on those with less 
lean body mass. Thus, it is crucial to be able to 
predict someone’s BMI without the stated 
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limitations. If special subjects’ BM can be 
predicted with some degree of accuracy, then 
BMI can become a better tool for obesity 
research and give better assistance to people in 
keeping a healthy weight. In this study, two 
multiple regression models were developed. The 
models used the number of many body 
composition parameters as predictor variables 
and BMI and calculated body fat as the variables 
being predicted. With R-squared of 0.966 and 
0.994 respectively and the adjusted R-squared 
values of 0.951 and 0.991 respectively for 
models M1 and M2 respectively, using the 
experiment data, the predictor variables have 
strong linear correlation with the predicted 
variables. The ANOVA results also showed that 
both models are valid at a high significance 
(α<.0001). Therefore, the proposed regression 
approach for a BMI prediction model is 
reasonably adaptable.
     However, because of the limitations of this 
research such as the use of a small number of 
only male participants in the study and the 
unavailability of another set of data to verify the 
accuracy of the models, readers should be 
cautious in making generalizations from the 
study’s findings. To be useful to medical 
practitioners, the regression model in this study 
has to be utilized in a future research to define 
new levels of body mass. Furthermore, a future 
work can focus on using some models other than 
the regression model developed in this study. A 
promising possibility would be to develop 
Autoregressive Integrated Moving Average 
(ARIMA) models, also known as “Box-Jenkins” 
models, which do not necessarily use the 
regressor variables. Furthermore, many caution 
pregnant women against the use of tissues 
bioelectrical impedance devices.
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Table 1: Tissues Bioelectrical Impedance data
Subj. Age Height Weight Total 

Body 
Water

Muscle
Mass

Physical
Rate

Visceral
Fat

Bone
Mass

Metabolic
Age

Basal 
Metabolic 
Rate

1 18 5.5 201.6 51 128.4 2 12 6.8 50 1893
2 29 5.7 171.8 53.1 122 2 9 6.4 50 1716
3 20 5.7 152.6 59.8 121.8 5 3 6.4 20 1713
4 43 5.9 211.2 49.1 141 2 16 7.4 50 1980
5 28 5.7 150.2 56.7 114 2 5 6 31 1611
6 37 5.9 212.4 53.9 154.8 3 17 7.6 43 2182
7 67 6 225 45.9 140.8 2 19 7.4 50 1998
8 25 5.8 220 49.2 137.4 2 13 7.2 50 2012
9 38 5.3 232 46.9 127.2 3 23 6.6 50 1877
10 33 5.9 182.8 52.8 131.2 2 8 6.8 48 1849
11 28 5.4 120.6 68.3 103.6 5 1 5.6 12 1442
12 36 5.9 163 54.9 123.4 2 6 6.6 36 1717
13 27 5.8 147.04 58.8 117.8 5 3 6.2 20 1649
14 36 5.6 161.8 57 123.4 5 7 6.4 34 1714
15 32 5.8 164.2 54.8 122.2 2 6 6.4 39 1713
16 33 5.9 219.8 49.3 142.2 2 13 7.4 50 2045
17 39 5.6 168.4 52.4 117 2 10 6.2 50 1646
18 31 5.7 113 66.6 99.4 7 1 5.4 12 1376
19 36 5.3 141.2 55.3 101 2 7 5.4 44 1425
20 43 5.4 149.6 56.4 11.8 5 8 6 41 1551
21 34 5.1 156.8 57.2 124.4 5 4 6.6 25 1723
22 39 5.8 150.2 55 114 2 6 6 36 1582
23 40 5.5 162.2 53.3 114.2 2 10 6 50 1603
24 32 5.9 156.2 58 126.4 5 3 6.6 20 1749
25 33 5.8 142.2 57.4 112 5 4 6 25 1559
26 29 6.3 186.4 51.5 138.6 2 5 7.2 38 1953
27 24 6 166.4 59.1 136.4 5 2 7.2 14 1911
28 49 5.6 141 56.3 108.6 5 8 5.8 35 1492
29 50 5.7 135.4 60.7 111 5 6 5.8 22 1508
30 42 5.06 130.6 55.2 91.2 2 10 5 50 1296
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Abstract

The rapid proliferation of Smart Phones 
have made it prone to attack more than regular 
PCs. Out of the three main smart phone 
operating systems, the largest security breach to 
date was on the Android operating system 
through the Android App Market. This paper 
explores the severity of security breach caused 
by the installation of malicious apps that are 
concealed as a valid app. We review the apps 
based on various criteria such as the 
programming proficiency required, level of 
access control obtainable through the apps, 
transparency of execution, and the amount of 
threat it poses. The result from the analysis can 
be used to develop an effective smart phone 
security app that not only detect existing 
malicious code but also prevent it to infect 
Android phones.

1. Introduction

Smart phones, what would we do without 
them? Today's emerging mobile world has been 
graced with these small powerhouses. Smart 

phones are one of the top devices that the 
modern consumer uses. According to a report 
released by Parks Associates titled "Smartphone: 
King of Convergence", there were an estimated 
250 Million Smartphone users in 2009. This 
number is expected to quadruple by 2014 
leaving us with 1 Billion users, (Parks 
Associates, 2010). We believe recent 
innovations in mobile technology mark a 
fundamental departure in the way computing 
technology is integrated into our daily lives. 
Mobile is a paradigm shift, similar perhaps to 
what was experienced in the 1980s when 
computing moved from machine rooms out onto 
our desktops in the form of personal computers. 
However, the present paradigm shift seems to be 
more significant since the sheer number of 
mobile devices far exceed the number of 
conventional computers. Furthermore, the 
device’s form factor coupled with pervasive 
network service makes it possible to take it with 
you everywhere you go. The continued 
maturation and rapid adoption of mobile and 
cloud computing we now find ourselves in the 
midst of yet another computing paradigm. 
Current trends in mobile and cloud computing 
continue to reshape how and where software is 
used. Similarly, the manner in which software is 



Proceedings of the 2011 IEMS Conference

239

deployed is also changing. Software is no longer 
confined to the computer in their office, or the 
computer at home in their den. Users now 
download and use mobile applications wherever 
they happen to be. In addition, mobile 
applications run on a platform that is context 
aware, supporting many innovative features that 
were not possible on a conventional desktop or 
laptop computer. This paper analyzes the various 
possibilities to develop malicious app, install the 
app transparently, and perform malicious 
activities.

2. The android platform

Android is an open-source smartphone 
operating system backed by Google, HTC, Intel 
and several other influential companies, Android 
was touted as the future for Smartphone 
Operating Systems. Unlike the BlackberryOS 
and iOS that are proprietary to the owner, 
Android gave smartphone developers the ability 
to tailor the OS to their respective hardware 
which leads to the production of various 
smartphones that create a rapid proliferation in 
the field. The availability of Android SDK 
allows various entities to develop mobile apps 
that range from simple calendars and wallpapers 
to the more complex games and GPS directions. 
The emergence of all these apps has created a 
very competitive and creative open market for 
developers and at home programmers alike. 
However, this leads to a potential risk for 
consumers. The Android app market is not 
highly regulated such as the iPhone apps market, 
especially now that the growing numbers of 
these apps are made by people from their home 
computer and may have negative impact to the 
devices due to possible security holes, lack of 
extensive testing, improper resource 
management and lastly intentionally trying to be 
malicious. When someone downloaded a game 
from the Android Apps Market for free, there is 

no way to know whether the game is not, in the 
background, stealing information.

3. App inventor

The Android App Inventor is a powerful tool. It 
provides a graphical Drag-and-Drop user 
interface to aid in the creation of applications. 
This App Inventor uses an interface that mimics 
a typical Android device. It allows one to design 
an app as if they were looking at the screen. You 
are able to add pictures, sounds, text, ect. On this 
screen there is also the availability of more 
advanced tools like the Motion Sensor and 
Orientation Sensor. This inventor allows almost 
anyone to create basic apps that serve many 
purposes. This is what leads us into the concern 
over security. If your average Joe can log into a 
Google account, make a basic app, and upload it 
to the Android App Market, it leads to many 
chances for a security breach.

Apps that are created in the App Inventor are 
sneaky, but not devastating. While one can go 
into the App Inventor and make an app very 
quickly, there are not many things that one can 
do to have devastating effects on the system. For 
example, in our research we found that it was 
fairly easy to obtain information like contact 
names, numbers, and e-mail addresses and send 
them outside the phone. However, this was very 
easily traced to the inventor or to the phone the 
information was sent to.

4. Block editor

Another component within the App Inventor 
is the Block Editor. Block Editor is a Java based 
application that allows you to fine tune apps 
created in the App Inventor. In this editor 
different components of the app are represented 
as “blocks”. These “blocks” control the aspects 
of how the app behaves based on different 
actions. For example, you can instruct the app to 
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send a text message of “Hello.” To a specific 
number when a specific button is clicked. All of 
these sequential actions are defined by 
individual “blocks” arranged in order of 
occurrence. There are also control statements 
such as If/Then, If/Then/Else, & Do/When just 
to name a few. This editor is also where most of 
the malicious code will be implemented and 
executed, since the user cannot see this part of 
the app.

Below is a screen capture of the Call_Out Block 
Editor:

Figure 1, Block Editor

5. Security: lack of governing by android

The Android App Market puts very little 
restrictions on what apps can do. The categories 
and activities that are prohibited are as follows: 
Sexually Explicit material, Violence and 
Bullying, Hate Speech, Impersonation or 
Deceptive Behavior, Personal and Confidential 
Information, Intellectual property 
(infringement), Illegal actives, Gambling, and 
Malicious Products.  While Google emphasizes 
the importance of following these guidelines, the 
only repercussion for going against these is 
removal of the App from the market. Repeated 

offenses could result in a deletion of the entire 
account. (Google, Inc.).
Google puts forth a lot of trust in developers 
with these polices. The act of uploading and 
publishing an app is very simple. A developer 
must make an account and pay a small fee 
($25.00). After this a developer simply needs to 
package and publish an App. Google does no 
screening of the apps, they more so rely on users 
to notify them if malicious activity is present. 
The time it takes for an app to be published and 
a user to notice malicious activity could be a 
very large amount of time. This amount of time 
is plenty to allow extensive damage and/or 
information to be leaked from the app.  
(Google).

6. Security: mainfest requirement

Google does require the functions of the 
program to be clearly stated. This is done so by 
the requirement of a file called the Manifest. A 
manifest is a .XML files that explains the 
following to the Android System: Describs the 
coponets of the app, Determines which 
processes are needed to host application pieces, 
Declares premissions needed for the app to 
function, Declares permissions OTHER apps 
need to interact with it, Declares the min level it 
needes from the Android API, and the Libraies 
the app must be linked to.

This maifest is required to be present in the Root 
dir of the app. It also MUST be named 
AndroidManifest.xml to be correct. This 
manifest makes it easy to see exactly what the 
app is accessing, or ask to acess. However, this 
still does not indicate malicious activity 100% of 
the time. In our app, Call_Out, the Manifest 
states that is must access contact information, 
and network data usage. However, it needs this 
to send out the funny messages. The manifiest 
does not state what specific information will be 
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sent, just general information that it will access 
contacts.  (Android Developers).

7. Exploitation: Control of the System

The first step to gaining information in any 
form is having control of what the system does. 
With Android and the App Inventor, it is quite 
easy to control the system’s functions. This 
control can be granted by the user or taken 
without consent or notification and then 
exploited to our needs. In our research an app 
was created called “Call_Out”. This app acted as 
a “Funny Message Sender” on the surface. The 
app allows a user to send out funny messages to 
their contact. The kicker is that this app really 
does do this. However, thanks to the behind the 
scene Block Editor, it does more than that. It 
occurred to us that sending messages with info 
was a lot easier to accomplish quickly than any 
other form, thus making it easy for non-tech 
inclined individuals to accomplish.

When a user installs any app from the Android 
Market, permissions over the system must be 
granted. Android clearly list these to the user 
and ask for their consent. While this seems like I 
would be a tell-all sign of what the app is doing, 
it’s not. For example, Call_Out requires access 
to contact information to send the funny 
messages. It also uses this access to gain 
personal information, but all the user knows is 
that it needs access and on the surface, it’s to 
send messages.

Within Call_Out, a user selects a contact and a 
message. The app then sends this user the 
message, but it also sends out information about 
the sender and the intended receiver, all without 
the user knows. This demonstrates how a 
developer can easily control the exact functions 
of the system with only a drag-and-drop 
interface.

Aside from the specific functions of our app we 
created, you can also control other aspects 
through the app inventor. Such aspects could be 
GPS Location, Initiating phone calls, launching 
other apps from within an app, and many more.

8. Exploitation: Gaining Information

What information is obtainable without 
notice is very important. For example, if 
processing time to gain information takes a 
considerable time longer than what the app 
should be doing, it will be a tall tell sign that 
something unintended is happening. Within 
Call_Out we decided that the information gained 
to allow the program to work could also be used 
maliciously.

The specific information that is sent from 
Call_Out is as follows: User of the app’s Phone 
Number their intended contact’s Name, Number, 
& E-mail Address. All this information is 
attained naturally in order to send the “funny 
message” anyways, so no red flags will be sent.

Other information that could be obtained easily 
or by code include GPS location, Android OS 
version, Apps running, Carrier information, 
Passwords, User Names, Key entry, ect.

9. Exploitation: Sending information out

After control is established over the system 
within Call_Out, we must look at how we can 
use this information, how easily we can send it 
out, and where we can send it out to. Another 
important bit of information is determining if 
your malicious actions can be tracked, and just 
how easy they can be tracked.

Information is first gained from the selected 
contact, which is selected by the user. This 
information is then sent in single text messages 
for each piece of information. This is all 



Proceedings of the 2011 IEMS Conference

242

controlled within the Block Editor’s IF 
Structures. For example, a user’s e-mail and 
name are sent in separate text messages to the 
same number in a specific order. The user’s 
phone number is the sender of these messages, 
and thus you get the user’s number as well.

10. Prevention

As important as it is to know what can be 
done behind the scenes, we also need to look at 
how to prevent these actions. Various security 
suites are available for the Android Operating 
System. Each suite protects from unauthorized 
entry to the phone. Some suites are much more 
robust than others.

AV-Comparatives, a non-profit organization 
based out of Austria, released a paper in 2010 
comparing these major mobile security suites: 
ESET Mobile Security, F-Secure Mobile 
Security, Kaspersky Mobile Security and Trend 
Micro Mobile Security. The paper reviewed 
points in all suites, and determined their ability 
to meet the numerous needs of a mobile security 
software package.  (AV-Comparitives, 2010).

Here is a table reviewing each paid solution:

Table 1, AV Comparison
ESET F-

Secure

Kaspersky Trend 

Micro

Anti-Virus Yes Yes Yes Yes

Firewall Yes Yes Yes Yes

White/Black 

list

Yes Yes Yes

Remote Data 

Wipe

Yes Yes Yes Yes

Parental 

Controls

- - Yes Yes

Device - Yes Yes -

Locating 

(GPS)

Encryption - - Yes -

Privacy 

(Hidden Files)

- - Yes -

Remote 

Device Lock

- Yes Yes -

SIM 

Protection

Yes Yes Yes Yes

Price (1 

Phone per 

Year)

25 EURO

33 USD*

35 EURO

40 USD

25 EURO

33 USD*

25 EURO

33 USD*

* - Conversions based on current figures for 12/11/10. Subject to change.

One of the most popular free security programs 
is made by the mobile security firm, Lookout. 
This program announced that it has reached 1 
Million users this past June, 2010. The app not 
only provides Anti-Virus. It also provides data 
backup to a secure server, device locating, and 
phone data recovery.  (Takahashi, 2010).

11. Testing of Call_Out & Lookout 
Mobile Security

One point to note is the actions within our 
app. None of the acts of Call_Out are considered 
wrong. Below we explain what results were 
found. Lookout Mobile Security was chosen as 
the testing anti-virus. This was because of its 
rapid growth and spread. As was mentioned 
earlier, over 1 Million Smartphones w

Testing devices:

Phone - HTC Desire
Android OS - v2.2
Security - Lookout Mobile 

Security v5.6, release 7368
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Results:

Lookout Mobile Security did not flag any 
actions or components of Call_Out as malicious. 
The program and app were executed 10 times 
over a 2 day period. Not a single time was 
Call_Out excluded from information of any 
kind. This is a prime example of how an app can 
go undetected while it steals information from a 
phone. Nothing within Call_Out is acting 
outside the permissions that are granted when 
installing. It is simple using these permissions in 
undisclosed ways

12. Future Research into Source Code

Various information can be obtained within 
the App Inventor combined with the Block 
Editor, however nothing beyond names, 
numbers, e-mails, GPS Locations, and like 
information. In order to get more sophisticated 
information one would need to dive into the hard 
code of the apps to custom tailor it to their 
needs.

Continuing our research will include findings on 
how to manipulate these apps further using the 
predominate programming language found 
within Android, Java.

We believe that by doing this, we can achieve 
much more. Higher levels of sophistication and 
manipulation can be achieved using Java. 
Instead of relying completely on what the App 
Inventor and Block Editor can do for us, we will 
be able to specifically tell the App what to do.

Future research will also include testing of 
various security software suites on detection and 
containment of malicious code.
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Abstract

Not every generation is alike, nor should 
they be treated by marketers in the same 
way.  Multi-generational marketing is the 
practice of appealing to the unique needs 
and behaviors of individuals within more 
than one specific generational group, with a 
generation being a group of individuals born 
and living about the same time [1].  The 
primary focus of this paper is to describe the 
various marketing strategies appropriate to 
each generation’s characteristics and 
behaviors, particularly in terms of 
segmentation, products and services, and 
communication.  

The U.S. Generations

A U.S. generation or age cohort is a 
group of persons who travel through life 
together and experience similar events at a 
similar age.  That is, they share a common 
social, political, historical, and economic 
environment.  While there is some 
inconsistency with regard to detail, an 
examination of written materials regarding 
the U.S. generations indicates that there are 
six American generations:  Pre-Depression, 
Depression, Baby Boom, Generation X, 
Generation Y, and Generation Z.  [2, 3, 4, 5, 
6, 7, 8]  Table 1 lists information specific to 
each of these generations, i.e., date of birth, 
number of individuals, and age as of 2010.

Table 1
American Generations

Generation Date of 
Birth Number Age 

(2010)

Pre-
Depression

Before 
1930 12 MM 81 and 

above

Depression 1930-1945 28 MM 65-80

Baby Boom 1946-1964 80 MM 46-64

Generation 
X 1965-1976 45 MM 34-45

Generation 
Y 1977-1994 71 MM 16-33

Generation 
Z After 1994 29 MM Less 

than 16
Marketing to the Pre-Depression Generation

Members of the Pre-Depression 
Generation are conservative, altruistic, and 
become less materialistic as they age.  With 
regard to effective marketing strategies for 
the Pre-Depression generation segment, the 
most important segmentation variables are 
health, activity level, discretionary time, 
engagement in society, and gender.  They 
are very concerned about the disposition of 
their valued belongings and security.  [9, 10, 
4, 11, 12, 13]  

Important products and services for this 
segment include vacations, health services, 
and single-serving size prepared foods.  
Rather than appealing to their chronological 
age, it is important to provide features and 
benefits appropriate for their cognitive age 
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or the age a person perceives himself or 
herself to be.  [6, 7, 8]  

In terms of communication, the Pre-
Depression Generation prefers print media 
for information.  They read newspapers, 
magazines, and ads more thoroughly than 
other generations.  For the mature market in 
general, communicating often requires the 
alteration of messages and materials, that is, 
larger type with clear, bright pictures, 
newspapers, AM radio, models they can 
relate to, and simple language.  Also, face-
to-face communication and personal service 
are valued by this generation, few use the 
Internet.  Marketers can get in touch with 
this group through their children as well as 
talking to them at formal social gatherings 
and recognition events.  [14, 15, 16]

Marketing to the Depression Generation

The Depression Generation is very 
patriotic and witnessed America’s 
emergence as a superpower.  Social 
tranquility and family togetherness are 
important to them.  Conformity seems to be 
the ticket to success.  The Depression 
Generation is slow to embrace anything new 
and distrusts change.  Emphasize traditional 
values such as discipline, self-denial, hard 
work, obedience to authority, conformity, 
commitment, responsibility, celebration of 
victory, and financial and social 
conservatism.  [3, 2, 10, 11, 17, 12]

The Depression Generation is a major 
market for upscale children’s furniture, toys, 
strollers, car seats, low fat/sugar/salt/ 
cholesterol foods, travel services, adult 
recreation education, and clothing.  They 
also desire quality and “Made in the U.S.A.” 
products.  Stress simplicity, convenience, 
accessibility, ease of use, service, and 
support as key product and service features.  
These traditionalists will be customers for 
life if you provide a quality product and give 
them what they want.  [18, 15, 7, 8]  

In terms of communication, use formal 
written and face-to-face language with this 
generation.  Spend extra time listening to 
their needs.  The Depression Generation 
appreciates summary information so that 
they do not waste their time.  This 
generation increasingly is becoming more 
tech savvy, e.g., they use eBay to downsize.  
They attend computer classes in nursing 
homes and recreation centers.  [14, 15]  

Marketing to the Baby Boomer 
Generation

The Boomers value individualization, 
self-expression, optimism, and “Be Here 
Now.”  [2, 19]  They have defined 
themselves by their careers and many are 
workaholics.  [20]  While some have retired, 
many plan to continue working and expand 
into “active retirement” by re-engineering 
life.  Boomers have increased discretionary 
income and time.  [21]  Family responsi-
bilities are important to Boomers, being 
primarily Empty Nesters or the Sandwich 
Generation.  [3, 22, 23, 24, 25]  Baby 
Boomers want quick fixes that require little 
change and instant improvement.  In 
addition, Boomers like value, options, and 
flexibility.  Health, energy, and wellness are 
major concerns for this generation.  While 
the group may be aging, they are focused on 
anti-aging and breaking the mold of what 50 
looks like [26].  Their focus is on “Me” and 
they feel entitled to a good life.  [27, 28, 7]  

Important products and services for the 
Baby Boomer segment are plastic surgery, 
botox, baldness treatments, Viagra, health 
clubs and spas, cosmetics (male and female), 
hair coloring, and health foods.  They are 
very attracted to new products and 
technologies that will make their lives 
easier, save them time, and will not rip them 
off.  They value location, service, and 
everyday-low-prices. [29, 30, 31, 15, 32]  

In terms of communication, Baby 
Boomers like simple facts with which to 
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make a decision.  Use communication 
methods such as recognition and social 
events, word-of-mouth, trusted professional 
advisors, direct mail, face-to-face 
conversation, and e-mail.  It is good to take 
the time to explain how doing business with 
your organization can give them a 
competitive or positive advantage.  They 
like the convenience and customization of 
the Internet, especially for health 
information, online job sites, and joining 
social networking sites.  [33, 6, 7, 8]

Marketing to Generation X

These free agents are highly educated 
even though they are pessimistic, skeptical, 
disillusioned with almost everything, and are 
very questioning of conventionality.  To the 
less-traditional Generation X, nothing is 
permanent.  With Generation X, 
multiculturalism and thinking globally have 
become the norm.  They have experienced 
the increasing impact of personal computers 
and produced the 1990’s dot.com stars.  
Generation X wants to balance family, life, 
and work.  [34, 35, 36, 37, 25]  They like 
value-driven initiatives that will make things 
more useful, practical, and balanced.  Give 
them a lot of stimuli, opportunities to learn, 
and flexibility without long-term 
commitment.  They have a reputation of 
being incredibly disloyal to brands and 
companies.  [28, 7, 38, 39]  

Generation X needs to buy products and 
services to set up households and for young 
children.  They are a major force in the 
market for cars, appliances, children’s 
products, games, and magazines.  
Generation X wants to hear the features of 
the product as well as an explanation of why 
these features are necessary.  They want 
products and messages designed uniquely 
for their tasks and lifestyles.  [40, 41, 29, 15]  

Generation X is not always easy to 
reach.  Traditional network television is not 

able to attract this demographic, particularly 
men.  Cable and the Internet are continually 
luring these customers away.  They respond 
to irreverence in advertising and want to be 
kept in the loop.  They prefer an informal 
communication style with frank and 
straightforward facts, candor, and honesty.  
Make good use of group events and word-
of-mouth recommendations from their peers, 
they think communally and often make 
decisions together.  Emphasize such 
communication methods as the Internet, e-
mail, multi-media, word-of-mouth, social 
events, peer gatherings, and direct mail.  [2, 
3, 14, 16]

Marketing to Generation Y

Gen Y individuals were born into a 
technological, electronic, and wireless 
society with global boundaries becoming 
more transparent.  [2, 3]  They are self-
absorbed and self-reliant with a strong sense 
of independence and autonomy.  They want 
results and are not as concerned with the 
why of it [18].  They have an image-driven 
need for peer acceptance, connecting with 
their peers, fitting in, and social networking.  
[42, 43]  Gen Y individuals are open-
minded, optimistic, goal oriented, and highly 
motivated toward their perceptions of 
success.  [35, 44, 45, 46, 24, 48]  However, 
the teen segment of this generation is 
notoriously selfish, lives for today, and 
spends big.  Traditional mass-marketing 
approaches do not work well with younger 
consumers.  Gen Y reacts strongly to real-
life examples, they favor the truth and what 
is real.  In essence, Gen Y cares all about the 
experience.  [49, 28, 7]  

Important product areas for Generation 
Y include apparel, accessories, footwear, 
room furnishings, action sports equipment, 
entertainment, and automobiles.  Gen Y 
likes products customized to their unique 
needs and brand names are important.  As 
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expected, music and fashion are key touch 
points.  In addition, Gen Y responds well to 
green living and energy-efficient features.  
[24, 29, 15, 50]

Gen Y is unlikely to respond to 
marketing hype.  Ads targeting this 
generation, must be placed in appropriate 
magazines and on appropriate Internet sites, 
TV and radio programs, and video games 
(“advergaming”).  Word-of-mouth 
advertising is very important to reach Gen 
Y, i.e., referrals from people they know 
influence them.  In addition, marketers need 
to make their campaigns more subtle and 
more local delivering a message Gen Y can 
relate to.  They prefer ads with humor or 
irony and that have an element of truth about 
them.  Use family events and gatherings as 
ways to communicate.  Use e-mail, voice-
mail, the Internet, multi-media, direct mail 
catalogs, magazines, college and high school 
newspapers, websites, school-based media 
boards, college guides, and sponsored on- 
and off-campus events.  Subscribing to a 
newspaper is unlikely.  Interest in television 
is less than any other generation.  [51, 14, 
52]  In terms of the Internet, marketers must 
know exactly how Gen Y individuals use 
media, which media they use, and when they 
use it [53].  For example, they expect an 
Internet experience to be interactive.  Hence, 
social networking sites are important in that 
they allow them to connect with their peers 
regarding important issues.  With email 
almost passé, they prefer instant messaging, 
texting, and interacting with friends on 
social networking sites like Facebook or 
Twitter.  [48, 54, 55]

Marketing to Generation Z

Generation Z continues to experience the 
spread of "tweendom" including commercial 
exploitation of young girls (and to a lesser 
extent boys), that is, pushing a Tween 
lifestyle heavy on teen aspiration to the cost 

of the loss of childhood.  [56, 57, 58]  
Generation Z individuals are the new 
conservatives embracing traditional beliefs, 
valuing the family unit, self-controlled, and 
more responsible.  They are accustomed to 
high-tech and multiple information sources, 
with messages bombarding them from all 
sides.  They have never lived without the 
Internet.  [59, 60]  Generation Z values 
authenticity and “realness.”  Peer acceptance 
is very important to Generation Z, they need 
to belong.  [61]  They are a global and 
diverse generation who come from a wider 
mix of backgrounds with different 
experiences and ideas.  [62, 63]  Generation 
Z values security more than ever.  [64, 65]  
They are ready to be on mission, confident, 
and very optimistic.  They quite possibly are 
the most imaginative generation and they 
think more laterally [66].  Marketers are 
increasingly targeting this segment.  
Marketers go after early loyalty and hefty 
allowances.  Tweens are discerning 
consumers who think a lot about what they 
are going to wear.  The average Tween 
today has three key characteristics:  instant 
gratification, success as a given, and liberal 
social values.  Realness is a core value of 
this generation. They are street smart and 
have considerable marketing savvy.  [67]  

Music, fashion, haircuts, cosmetics, and 
video games are important in terms of peer 
acceptance and fitting in.  Kids now 
influence more than 70 percent of family 
food choices.  Some researchers have 
predicted that Generation Z will be the 
unhealthiest and overweight generation.  
Astonishingly, children are able to recognize 
brands from the age of about 18 months.  
[66, 68, 69, 70]  

In terms of communication, television 
remains the main way that teenagers and 
Tweens encounter big brands, but teens 
respond less well to being told what to think 
or do as they get older [58].  Communicate 
product and service attributes that 
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emphasize peer acceptance and belonging to 
peer groups.  They feel that it is a close knit 
world and have taken diversity, global 
warming, civic service, and global shopping 
to heart. Education is valued as a means of 
gaining security.  [14, 71]

Generation Z will likely continue trends 
in increased technology use.  Generation Z 
is influenced by new media, virtual friends, 
and the power that comes with technology.  
They use multiple media, using another 
media most of the time while watching 
television.  They are the first generation to 
use Chatspeak in real life, e.g., u r gr8.  
Tweens appear to have a shortened attention 
span and a heightened awareness of visuals.  
Offer interactive elements to the site as well 
as original content.  Allow users to define as 
much of their activity on the site as possible.  
Regularly update content and games.  [57, 
55, 72, 73]

Summary

Many companies are reaching out to 
multi-generational consumers and trying to 
understand and gain the attention of these 
diverse buyers.  Each generation has unique 
expectations, experiences, lifestyles, values, 
and demographics that influence their 
buying behaviors.  Generational history be it 
the economy, scientific progress, politics, 
technology, or social shocks such as 
assassinations and terrorist attacks has 
immense impacts on each generation.  
Multi-generational marketing is appealing to 
the unique needs of individuals within more 
than one specific generational group.  
Marketers need to respond to the trend of 
multi-generational marketing and branding 
by adjusting their marketing mixes and 
strategies accordingly.  This means that 
marketers must understand the six U.S. 
generations:  Pre-Depression Generation, 
Depression Generation, Baby Boomers, 
Generation X, Generation Y, and Generation 

Z.  Each of these generations is defined and 
described in terms of the times in which the 
generation grew up and the characteristics, 
lifestyles, and attitudes of each generation.  
The primary focus of this paper is to 
describe how to create various marketing 
strategies appropriate to each generation’s 
characteristics and behaviors, particularly in 
terms of segmentation, products and 
services, and communication.  Being 
sensitive to the various generations will help 
marketers to become more conscious of and 
responsive to their customers’ needs and 
behaviors. 
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Abstract

Bernie Madoff shocked the world as the 
executor of the largest investment fraud in Wall 
Street history. The effects of Madoff's lies 
rippled across the globe, and when he was 
exposed, investors around the world wondered 
how he could have managed such a vast fraud 
for so long without regulators catching on, 
despite numerous red flags and warnings. This 
paper will discuss the inevitable collapse of 
Bernard Madoff Investment Securities through 
the analysis of internal and external contributing 
factors, identifiable indicators of fraudulent 
activity, and the defining moment that ended it 
all.

1. Introduction

Bernard L. Madoff Investment 
Securities LLC was founded in New York City 
in 1960 and provided executions for broker-
dealers, banks, and financial institutions in the 
United States and internationally. Bernard 
Madoff Investment Securities LLC was market 
maker, executing financial transactions for 
broker-dealers, banks and financial institutions 
for stocks, bonds and other assets. It also 
performed clearing and settlement services and 
managed assets for high-net-worth individuals 
[17]. 

In early 1970’s after it was created, 
Madoff’s company grew consistently larger and 
became very well known. The company excelled 
because of its consistent annual returns of 10 
percent (10%) or more. His company became so 
large that by the 1980s it dealt with 5 percent 
(5%) of the trading on New York Stock 
Exchange. As an investor, Madoff’s reputation 
continued to progress.  His company began to 

use computers to develop stock quotes. The 
program that they used helped develop the 
National Association of Securities Dealers 
Automated Quotations or better known as 
NASDAQ later on. Following this, Madoff 
became the Vice-Chairman of the board of 
directors for NASDAQ stock exchange [8] [25].

After gaining an abundance of respect 
and admiration, Bernard Madoff was able to 
staple his name on Wall Street which, in return, 
enabled him to influence board decisions and 
ultimately the securities regulations. In fact, his 
peers had so much trust in him and the rest is 
history [11]. Bernard Madoff was known as an 
affable and charismatic man who moved 
comfortably among power brokers on Wall 
Street and in Washington. In addition to working 
for his own company, he was also on a few 
boards and commissions, as well as the 
chairman of a major stock exchange, NASDAQ. 
Unfortunately, in late 2008, founder of 
NASDAQ Bernard Madoff was accused of 
allegedly running one of the largest financial 
scams in history [4].

Pyramid schemes are scams often used 
to impress investors into thinking they are 
putting all their money into sophisticated hedge 
funds that generate big returns without losing 
any money [1]. In reality, there cannot be big 
returns without big risks. In this particular 
pyramid scheme, old investors are being paid 
with new investor’s money.

Bernie Madoff was trusted by both of 
his peers and clients because he was a celebrity 
on Wall Street. Con men build people’s 
confidence and develop a sense of trust so that 
they can take advantage of people without being 
questioned. It is uncertain to state definitely 
when Madoff’s illegal practices began, but some 
of them could have been as long as three 
decades ago. Madoff, a former chairman of 
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NASDAQ, used clients’ funds to pay other 
clients who sought to redeem their investments 
[6][27].

Since Bernard Madoff’s scandal was 
revealed, there has always been a growing 
tendency to blame the victims. According to 
some well known theories, investors, especially 
sophisticated ones, should have recognized that 
annual returns of around 10%, or even more, in 
both good and bad times were too good to be 
true. They should have been suspicious of Mr. 
Madoff's fuzzy explanations of how he arrived 
at those results and to the extent how he 
described his strategy, which involved the 
simultaneous purchase of stock and sale of 
option contracts; they should have noticed that 
there was not sufficient volume in those options 
trades to account for the reported gains. 

Consistent returns in good and bad 
markets are the selling point for nearly every 
fund. Madoff's returns were good, but not so 
spectacular as to raise extreme suspicion. 
Although he had hazy explanations, they were 
no hazier than those of many other hedge-fund 
managers. In 2006, one potential investor 
actually branded it a Ponzi scheme and took his 
suspicions to the Securities and Exchange 
Commission. The SEC investigated and gave 
Mr. Madoff a clean bill of health after he 
corrected some minor issues. How that could 
have happened remains one of the big 
unanswered questions of this affair [22].

Overall Bernie Madoff will remain 
infamous for the vast amounts of money he has 
stolen from the hundreds of innocent victims 
who had trusted him for so many years. These 
victims’ lives may never be the same just 
because one man’s greed.  

2. Internal factors

2.1. Lack of ethics

Bernie Madoff’s investment decisions 
along with his faulty financial tendencies can 
almost be claimed as a genetically passed down 
trait considering his parents past financial 
maneuvering tactics. His father, Ralph Madoff, 
had a history of once “tussling” with the 
government over a tax debt in which he owned 
$13,245. His action caused the IRS to place a 

lien on his home. Sylvia Madoff, Madoff’s 
mother, also had her own dilemma with the 
government when she was one of the 48 broker-
dealers who somehow failed to file reports in 
regards to their financial status. Ralph Madoff 
went on to apply for his own stock brokerage 
firm in which they used Sylvia’s name on the 
application because his name had been 
sabotaged due to his tax troubles a few years 
prior. Bernie Madoff from a young age already 
knew he was going into that line of business and 
would follow in his parents’ footsteps as though 
it was instilled in him along the course of his 
upbringing [3]   

Bernie Madoff, stole from the rich, the 
poor, and even the needy. It takes a certain type 
of person to be able to steal over 50 billion 
dollars and have not felt bad about it. Ethics and 
morals are not something that can be taught.  
From Bernie Madoff’s childhood he was molded 
into an individual with no ethics and conscience 
[18]. Ethics is an attribute that parents and 
events in a persons’ life mold that individual 
into. And Bernie Madoff lacked ethics. Looking 
back on Bernie Madoff’s Ponzi Scheme, not 
only do people think how one can get away with 
such a scam for so long, but also how does one 
not feel guilt? Bernie Madoff is the largest scam 
artist and yet he shows no sympathy.  Even if 
Madoff was to do an appropriate apology, would 
anyone accept it? Would anyone who lost 
millions of dollars feel sorry for him? No! 
Bernie Madoff had plenty of years to confess. 
Yet he continued with his greediness and did not 
stop stealing money from these innocent victims.    

2.2. Structure of company

Madoff had believed in not having a 
very large company. His firm was small and a 
very close-knit firm, including his family. The 
way his company was organized helped him 
keep up the scam for a multitude of years by 
trying to limit the higher office positions to close 
family members or friends. Therefore they 
would not question his actions and helped 
Madoff continue his fraudulent actions. He hired 
his brother as the company’s chief compliance 
officer, his two sons as traders and his daughter 
as a rules-compliance lawyer [19]. This helped 
because family members are less likely than 



Proceedings of the 2011 IEMS Conference

254

regular employees to second guess Madoff’s 
actions. Especially his children, they idolized 
him as they were maturing and attending 
college. This was their father. How would they 
be able to second guess his business actions? 
Moreover, they were the major employees in 
Madoff’s company, which enabled Madoff to 
keep up the scam. The reason that this structure 
of the company was so easily set up for Madoff 
to continue his scam was because he was able to 
hide things through his family and tell them that 
he would take care of some of the issues that 
were brought up by the SEC. His family 
members would not question his actions and 
would never even think that their father or 
siblings would be capable of doing such terrible 
things. They had believed their father to be a 
very caring and nice individual as any child 
would of their own father. Well little did they 
know that he was a very greedy individual who 
would lie, steal, and cheat his way to the top. 
Madoff also bribed many other workers who had 
an idea of what was going on in turn for their 
services and to keep quiet. Two computer 
programmers were also arrested in lieu of 
Madoff’s Ponzi scheme for creating a program 
to help hide the fraud from internal employees 
[21].

His business was controlled by family 
members. The only people outside of the family 
hired were inexperienced youngsters who didn't 
know anything about accounting or finance. This 
allowed his family to commit fraud without 
being questioned. Those few employees who did 
question business practices were bullied to stay 
quiet or were simply fired! The firm was 
widespread with pressure and inexperience, and 
those factors may have been a part of the reason 
why regulators didn't catch on to the alleged $50 
billion Ponzi scheme. The Madoff family, many 
who held senior top positions with the firm, 
hired inexperienced employees from accountants 
to bookkeepers to clerks. That inexperience kept 
many of those employees from having a full 
understanding of the business.

A top investment company on Wall 
Street is not the place you would have in mind 
when you think of a workplace that revolves 
around sex and drugs. This is in the case with 
Bernard L. Madoff Investment Securities LLC. 
According to news articles, Madoff allegedly 

had put employees on payroll, and their only job 
was to acquire cocaine [29]. It is stated that 
topless waitresses were common at his office 
parties. Madoff used stolen money from his 
investors to fund his penchant for escorts, 
masseuses, drugs, parties, topless entertainers, 
and employees engaged in sexual activities in 
his office.

Bernard L. Madoff Investment 
Securities is described as a company with a 
culture of sexual deviance and drug using 
atmosphere. An office doing financial business 
at that level should not be dealing with an issue 
like this. It is a surprise that they lasted as long 
as they did with this type of culture. It is even 
rumored that Madoff’s office in New York City 
was nicknamed the “north pole” by his 
employees due to the intense amounts of cocaine 
he used in it.

2.3. His co-conspirators

Bernie Madoff did not act alone. His 
four main co-conspirators played a major role in 
his Ponzi scheme. These four people kept 
driving people to invest with Bernie Madoff, 
which led to building up the Ponzi scheme larger 
and larger. These were the only four people that 
knew Bernie Madoff’s company was a Ponzi 
scheme the whole time. These people were the 
main conspirators who brought more traffic to 
Bernie Madoff’s scheme, and even worse they 
knew what Bernie Madoff was doing. Each co-
conspirator brought in their own set of investors 
which helped Bernie Madoff keep a constant 
flow of investors and the funds coming in to 
constantly pay the other investors their payouts. 
Stanly Chais was the main link from Bernie 
Madoff to his California based investors. Chais 
was based in California and was an adviser to 
three major funds in which he invested all their 
assets with Madoff. This is Madoff’s major 
connection to Hollywood and California’s rich 
and famous. Chais had opened 60 accounts on 
behalf of his family and withdrew half a billion 
dollars more than they actually invested with 
Madoff, which proves that Chais had to be a part 
of Madoff’s scheme due to the fact he was 
withdrawing more money than actually invested, 
on a large scale [28].
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Bernie Madoff had three other co-
conspirators in which he relied on to drive more 
investments to his investment firm. Cohmad 
Securities Corporation, which was a New York 
based broker dealer, was the largest conspirator 
with Bernie Madoff. There were three people 
who had full knowledge and were leaders of this 
broker dealer: Chairman Maurice J. Cohn, Chief 
operating officer Marcia B. Cohn, and a 
registered representative Robert M. Jaffe. These 
three conspirators marketed Bernie Madoff’s 
firm more than any other investor. Billions of 
dollars were invested through this broker dealer 
to Madoff’s Ponzi Scheme. The Cohmad 
Securities Corporation was under tight 
surveillance as well by the SEC and received 
many allegations of false financial filings. These 
executives and co-conspirators were main 
contributors to Madoff’s company and drove a 
lot of investors to Madoff.

Madoff alone was a very respectable 
professional in the financial industry and had led 
a life in which most people looked upon as a 
very respectable life. When allegations would 
come against Madoff and his company, many 
people would not worry, considering his 
legendary past.  The partnerships that Madoff 
had developed with these two firms helped his 
reputation in the industry. Not only did these 
firms drive more investors to invest with 
Madoff, but it also helped the reputation of 
Madoff’s firm, by seeking other respected 
investors trusting Madoff and his great returns.  
This had helped Madoff earn more respect in the 
industry and therefore drive more investors to 
his investments.

2.4. Unethical auditing

Although Bernie Madoff is a brilliant 
con-artist, he is not capable of pulling off a fraud 
of such magnitude without help. David G. 
Friehling, CPA for Bernie Madoff Investment 
Securities, was also charged with fraud. Whether 
Friehling is actually guilty of aiding in Madoff’s 
Ponzi scheme, he is, in fact, guilty of being 
negligent. His negligence resulted in not only 
unethical behavior, but a 65 billion dollar fraud.

Friehling was charged with securities 
fraud, aiding in abetting investment advisor 
fraud, and four counts of filing false audit 

reports with the SEC. Friehling created certified 
and purportedly audited financial statements, 
including balance sheets, statements of income, 
statements of cash flows, and reports on internal 
control. He falsely certified that he had prepared 
statements in accordance with Generally 
Accepted Accounting Principles (GAAP)[23]. In 
reality, he failed to conduct audits that complied 
with GAAP. Additionally, he failed to conduct 
independent verification of the company’s 
assets; he failed to review the sources of the 
revenue; he failed to examine the bank accounts 
through which billions of dollars of the clients’ 
funds flowed; he failed to verify liabilities 
related to client accounts; and he did not verify 
the purchase and custody of securities [21]. 
Friehling lied to the American Institute of 
Certified Public Accountants for years, claiming 
he never conducted any audit work for Madoff. 

Interestingly enough, Bernie Madoff 
claimed his business did not become a Ponzi 
scheme until early 1990’s, around the time that 
Friehling took over his firm, Friehling & 
Horowitz, and became the only one able to 
perform an audit. This may be a sheer 
coincidence, but regardless, Friehling should 
have been able to distinguish profits from capital 
transactions and understand the errors in the 
income and cash flow statements as a result. 

 Had these errors been determined early 
on, Madoff would never have gotten away with 
what he did. If Friehling had done his job, 
Madoff’s financial statements would have 
shown that his company owed billions and 
billions of dollars to his clients and that the 
statements were insufficient. 

Initially, Friehling and his family had 
invested 14 million dollars in Madoff’s 
company, but later on withdrew 5.5 million out 
of the accounts. This proves that Maddof’s 
accountant felt quite comfortable with him, 
making it more clear that the two men were “in 
cahoots” with one another. 

2.5. Marketing techniques

When innocent people are harmed as a 
result of the selfish ambition of those whom they 
trust, the ending is always scandalous and tragic. 
Madoff used sleazy marketing techniques based 
on "scarcity" to manipulate his customers [7].
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Madoff did brilliant job of marketing. 
Along with his former title, CEO of NASDAQ, 
Madoff's prominence and carefully cultivated 
image kept big investors coming in. They 
believed Madoff is an investment wizard, and by 
mid-90's, he had become the envy of much of 
Wall Street. He was known as a very intelligent 
man who knew this business really well and was 
very driven to succeed. He was known as a 
major player and was known as a major force in 
Wall Street.

It was on the golf course that Mr. 
Madoff established this air of exclusivity. By 
joining the Palm Beach Country Club Bernie 
was able to come in contact with rich investors 
and gain their trust. One long-time Palm Beach 
Member who wished to remain anonymous 
stated, “The thing about Bernie was that he 
seemed so normal. He didn’t say much, but 
when he did, he’d talk to you about family, 
books, politics, and current events. He was an 
intellectual. Everyone else at the club talked 
about shopping, money, and superficial 
conversations. He talked about real things. They 
talked about air” [26].

The secret to Madoff’s successful 
market penetration was his private marketing 
strategy – word of mouth. Fortune Magazine 
calls it “a private club” [2]. He preferred to keep 
it all quiet and not to spread around the news 
about him providing money managing services. 
This way people knew him and his services from 
their friends. It was all confidential, so people 
felt special about being among the wealthy and 
successful investors. As a result, Madoff had 
been getting around without being caught for 
years.

Through word of mouth, or his co-
conspirators, Bernie Madoff was able to hook in 
more clientele, which made his scam get larger 
and larger. Due to his highly valued reputation, 
it drew in more customers as well. With such a 
resume of success many people believed in 
Bernie Madoff as a thoughtful leader and very 
successful individual in the financial world.  Not 
only was his high returns a large incentive, but 
also the fact that he was turning down investors 
was deceptive. Most schemers do not turn down 
investors due to the greed associated with people 
of that type. Madoff on the other hand wanted to 
portray that there was normal everyday business 

going on. In doing so he decided to decline some 
investors from his firm and tell those people 
they were not able to invest with him.

3. External factors 

3.1. The SEC’s failure 

The agency missed numerous 
opportunities to discover Madoff's wrongdoings. 
There had been three Securities and Exchange 
Commission (SEC) inspections and two 
investigations on Madoff’s operations, but they 
failed to detect the fraud and gave credibility to 
Madoff's operations. As a result, it encouraged 
more people to invest their money with Madoff. 
Madoff proactively informed potential investors 
that the SEC had examined his operations and 
found nothing erroneous [15].

On September 10, 2009, before the 
Committee on Senate Banking, Housing and 
Urban Affairs at Capitol Hill hearing testimony, 
H. David Kotz, the inspector General Securities 
and Exchange Commission stated that the Office 
of Inspector General (OIG) investigation found 
that between June 1992 and December 2008 the 
SEC received several substantial complaints that 
raised significant warnings concerning Madoff's 
operations, but the SEC never conducted a 
thorough investigation about whether Madoff 
was actually engaged in trading. The OIG also 
found that the SEC was aware of articles 
regarding Madoff's investment operations that 
came out in highly regarded publications in 2001 
and questioned Madoff's extraordinary steady 
investment returns. 

The OIG concluded that despite the 
credible and specific allegations and articles in 
the highly regarded publications, the SEC never 
carried out a thorough and competent 
investigation on Madoff for operating the fraud 
and that, had such a proper examination been 
conducted, the SEC would have been able to 
find out the fraud.

Harry Markopolos, a fraud investigator 
and once an investment adviser, brought his 
claims to the SEC about indecency in Madoff's 
business starting in 2000 after determining there 
was no way Madoff could have been making the 
steady high returns. Markopolos and his 
investigators raised 29 specific warnings ranging 
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from in-depth mathematical calculations 
concerning Madoff's operations to SEC staffs in 
Boston, New York, and Washington. The SEC 
also received complaints from several other 
sources, all containing specific information that 
urged for a thorough examination of Madoff's 
operations. For Mr. Markopolos, the arrest of 
Madoff was something of a vindication after his 
long campaign. At a certain point, he says, “I 
was just the boy who cried wolf” [30]. The 
initial complaint was brought to the SEC's 
attention in 1992, related to allegations that an 
unregistered investment company was offering 
hundred percent safe investments with 
extraordinarily consistent high returns over 
considerable periods of time to selected 
investors. The SEC actually suspected the 
investment company was operating a Ponzi 
scheme and learned that all of the investments 
were put entirely through Madoff, and consistent 
returns were claimed to have been achieved for 
many years without a single loss.

In 2003, the SEC received another 
complaint from a respected hedge fund manager 
identifying numerous concerns about Madoff's 
strategy and purported returns. Particularly, the 
complaint questioned whether Madoff was 
actually trading options in the volume he 
claimed, noted that Madoff's strategy and 
purported returns were impossible by anyone 
else. The respected hedge fund manager also 
stated that Madoff's strategy had no relationship 
to the overall equity markets in over ten years 
[12]. 

An additional complaint was from 
internal e-mails of a registrant’s employees. The 
e-mails described that they identified the red 
flags on Madoff investment while they were 
using publicly-available information. The red 
flags identified by the employees included 
Madoff's incredible and highly unusual equity 
trades, his falsification of his options trading, 
and his unusually consistent, high returns over 
several years. In their e-mails, they provided a 
step-by-step analysis of why Madoff must be 
misrepresenting his options trading. The e-mail 
clearly explained that Madoff could not be 
trading on an options exchange because of 
insufficient volume and could not be trading 
options over-the-counter because it was 
unthinkable that he could find a counter party 

for the trading. In April 2004, the SEC 
examiners who initially discovered the e-mails 
viewed them as indicating some suspicion as to 
whether Madoff is trading at all [5].

Another ensuing complaint was from an 
anonymous informant in October 2005. The 
complaint stated that Madoff’s company is very 
secretive about their operations, and they refuse 
to disclose anything. It also stated that if its 
suspicions are true, then Madoff is running a 
highly sophisticated scheme on a massive scale 
for a long time. A short period of time after the 
informant suspected the fraud, the informant 
decided to withdraw all the money invested, 
approximately over five million dollars.

The Securities and Exchange 
Commission investigators discovered that the 
documents indicate the agency had Madoff in its 
sights in the midst of multiple violations that, if 
pursued, could have blown open his alleged 
multibillion-dollar scam. Instead, Madoff’s firm 
registered as an investment adviser, at the 
agency's request, and the public got no word of 
the violations.

Many of the SEC staff members who 
conducted the investigations were 
inexperienced. The examinations of Madoff's 
operations done in 2004 and 2005 were held in 
the agency's inspections office. In both exams, 
one of the staffs found a surprising discovery 
that Madoff's mysterious investment business 
was making far more money than his well-
known wholesale brokerage operation. 
However, no one recognized this eye-opener as 
grounds for the security fraud. The SEC staff 
members never bothered to seek a formal 
commission-approved investigation that would 
have forced Madoff to surrender vital 
information under subpoena. Instead, the staffs 
depended on information voluntarily fabricated 
by Madoff and his firm. Even more surprising, 
the two exams being conducted in different SEC 
offices were without either location being aware 
of the other's action. It was Madoff himself who 
told one of the inspection teams that he'd already 
given the information they sought to the other 
team [24].

Surely it is a systemic oversight problem 
that SEC inspectors are inexperienced and 
incompetent. The enforcement staffs could have 
caught Madoff’s misrepresentations but failed to 
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follow up on inconsistencies. They also rejected 
offers of additional evidence from the 
complainants, and were confused about certain 
critical and fundamental aspects of Madoff’s 
operations. When Madoff provided ambiguous 
answers to important questions in testimony, 
they simply accepted Madoff’s explanations as 
probable.

3.2. Unintelligent investors
 
Although the situation is terrible and 

Madoff is a despicable person, the investors are 
still partially at fault here for a number of 
reasons. To begin, not enough investigating was 
done in terms of making sure there was no funny 
business going on with Madoff’s company. Why 
would clients invest such large lump sums of 
money in something they had not done proper 
research on? Additionally, they allowed greed to 
take over. Instead of investing a small amount of 
money, they continued to invest more and more 
in hopes of making a huge profit. What they 
should have done was diversify their money 
scattering investments. These clients became 
blindsided by dollar signs and thought nothing 
could go wrong.

In Bernie Madoff’s case, all the signs of 
a scam were present. There were high but steady 
returns and a lack of transparency on how the 
money was being made. At the end of the day, 
the investors could only blame themselves 
though. Some invested everything they had. It is 
always easy to blame the victim. They should 
not be blamed for actually investing their money 
with Madoff, but instead for investing all of it 
instead of just a small portion. There is no 
reason why any investor should have lost more 
than ten percent of their money [9][23]. But, as 
stated previously, investors were greedy and 
wanted to keep making more and more money. 
In the end, they learned their lesson. 

The blindness of the investors serves as 
a mirror for broader culture that shows what 
went wrong and where it leaves us now as we 
are left to realize our errors. Investors included 
big names such as Fairfield Greenwich Group, 
Kingate Management and Fred Wilpon’s 
Sterling Equities, which own the New York 
Mets. All in all, there were many investors 
involved. Many put their faith in him and 

invested their life savings and, in turn, were left 
in catastrophic financial situations. 

3.3. The influence of media

It is funny to say that before the Ponzi 
scheme, Bernard Madoff was well known for 
decades a successful investor and manager of 
billions for the rich and famous, Wall Street big 
shot, generous philanthropist, important civic 
personage, New Yorker of consequence and 
stature. Before he announced his crookedness, 
Madoff’s name seems to have been mentioned 
in The New York Times six times: as a best man 
at a wedding in 1960, and then in five brief news 
articles about technical stock-trading issues 
between 1992 and 2000 [11].

The Bernie Madoff fraud scandal has 
been a tragedy for all of his investors, but it has 
become a fortune for the business media. The 
media played important part of Madoff’s life 
since the Ponzi scheme was revealed. His bad 
publicity became well known all around the 
world as the biggest fraud in history. The first 
news of the story was posted on December 11 
2008, at the Wall Street Journal online. Two 
years later, Bernie was still one of the most 
publicized persons, as the media was posting 
news, revealing how he managed to steal so 
much money from all those rich and “educated” 
investors [14].

If it was not the media so interested in 
this story, many important facts would have 
been left sitting locked up somewhere. The 
media helped revel and educate future young 
investors to be careful with their investments, 
especially when someone is offering them unreal 
rate of return. Also, after the scandal many 
newspapers and business magazines started 
writing articles on many important basic 
investing tips, trying to educate future investors 
who plan on investing a lot of money. 

3.4. The economy

The state of the US economy played a 
vital role in Bernie Madoff’s ponzi scheme.  
Unemployment was climbing, the dotcom 
bubble collapsed, the housing market collapsed, 
and the collapsing banking in the US and Europe 
were all contributing factors to the recession that 
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has been taking place in the United States. When 
people’s money and financial well-being are in 
jeopardy, they are known to take drastic 
measures. With the economy not doing so well, 
and the unemployment rate climbing steadily, it 
is no surprise that American people invested 
their money with a well known broker.

As mentioned earlier, Madoff was a 
celebrity in the financial world. His status as a 
banking guru made him seem trustworthy, and 
whom better to let handle your money in a time 
like this? People wanted to secure their financial 
future, which is why those chose to invest the 
money that they already had.  Typically this 
would not have been a bad idea, if the firm they 
chose was not involved in one of the most 
fraudulent happenings to take place in years.

So why did customers throw caution to 
the wind and put all their investments with 
Madoff? It was a combination of laziness and 
greed. Madoff’s clients were investing money 
that would give them a higher return than 
anything else they were investing in. Therefore, 
instead of putting all their hard earned money 
into other investments, they put their trust in 
Bernie Madoff and invested all their money with 
him. They, unfortunately, got caught up in his 
pyramid scheme. 

4. Current challenges/problems 

Financer, Bernie Madoff, has been 
sentenced to the maximum 150 years in prison 
for masterminding a fraud that ruined the lives 
of thousands of investors and shocked the 
investment world. Instead of investing client’s 
money in securities, the money was moved from 
person to person, put in banks, and used for his 
own personal benefit. As a result, 13,500 
investors lost their life savings. The judge in 
Madoff’s court hearing referred to his Ponzi 
scheme as extraordinarily evil, unprecedented, 
and staggering [4]. This case is an example of 
the failure of the financial system to spot 
irregularities in transactions. 

 There are many challenges that lie 
ahead for the financial world. Investors and 
creditors put their trust in a system which they 
believe will take care of them. However, time 
and time again, their hopes have been let down 
by scams, mismanagement, and by the system 

itself. Madoff, himself, was amazed that he was 
never caught years before by investigating 
authorities such as the SEC. Through their own 
shortcomings, the SEC missed out on vital clues, 
which they failed to act on. In time, the scheme 
led to a loss of approximately 20 billion dollars 
in cash for victims, and a total paper wealth to 
the tune of 64 billion dollars vanished [20][10]. 
Although corporate frauds have always been a 
part of history, the system currently faces the 
challenge of tightening the noose around 
fraudsters to make sure this is not a reoccurring 
tradition. 

Currently, clients of financial 
investment firms, including hedge funds, are 
demanding more transparency as to where their 
money is invested. All regulators are under 
stress and accountability. At some point, there 
may be a need for appropriate liability insurance 
for financial institutions and hedge funds. This is 
a society where clients seek recovery of their 
losses. Insurers, however, may not be inclined to 
provide coverage at a 100 percent basis to cover 
losses. This, ultimately, is a potential problem in 
the financial market [16].

An additional problem lies within ethics. 
In the post-Madoff and post-fraud world, it is 
sometimes challenging to teach ethics. Schools 
with MBA and business programs are 
incorporating ethics into their everyday 
teaching. The divide between understanding 
ethics and acting on that knowledge is the next 
step in the evolving process of how business 
schools and MBA programs teach ethics [13]. 
But even with the incorporation of ethics into 
classroom activities, ethics can be taught, but not 
character. Some argue that even with ten classes 
in ethics, Madoff would have still acted the way 
he did. 

Bernie Madoff ran the largest fraud in 
the history of the country. He has surpassed any 
criminal in the amount of money he has stolen. 
Close to 60 billion dollars, and he can’t even 
enjoy it. Crime does not pay is an old saying, 
Right now Madoff is finding that out first hand. 
He will be spending the rest of his life in a 
federal penitentiary where not one single person 
could respect him. He is a conscienceless 
human-being and even if he does feel any regret 
towards what he has done, still not many people 
would be able to accept any apology. Bernie 
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Madoff took peoples’ dreams and hopes and tore 
them apart with his actions. His selfless stealing 
from charities, retirees, widows, and even 
holocaust veterans is devastating. Bernie Madoff 
and his four co-conspirators will serve their time 
in jail, but nothing that could be done could 
possibly restitute the victims of this large Ponzi 
Scheme.  The families which had to deal with 
suicide due to the massive fortunes lost through 
Madoff will ever get their loved ones back.  
Bernie Madoff and his four co-conspirators 
deserve to spend time in jail due to the impact 
that their actions had on multitudes of people.

5. Conclusion

Bernie Madoff is known as the biggest 
fraud ever in history at this moment. Sure there 
have been Pyramid schemes for hundreds of 
years, but Bernie Madoff’s fraudulent activities 
are larger than anyone can believe. Once he was 
a highly respected individual in the industry, 
now he is imprisoned for the rest of his life. 
Bernie Madoff had served as a vice-chairman of 
NASDAQ, helped the implementation of e-
trading, and has many more milestones in his 
career, but all these great achievements are now 
going to be overlooked for the tragedy he has 
caused to thousands of people. Madoff and his 
four main co-conspirators stole money from 
charities, universities, US army veterans, 
holocaust survivors, widowers, and more, yet 
they had no regrets or morals to know how or 
when to stop. These five individuals are 
responsible for 50 billion dollars worth of theft 
and fraud. The thievery of all this money has not 
only cost people’s money, but some people’s 
lives, due to suicide. Bernie Madoff will forever 
go down in the books as the largest fraud in 
American history. 

Many questions arise after a fraud of 
such extent. How was this not stopped earlier? 
What did the SEC miss? Are people going to get 
their money back? Does jail time fix the billions 
of dollars Bernie Madoff stole?  What to look 
for before investing in the future?  All of these 
are valid questions since the great loss of 
investors’ life savings, inheritances, and more. 
The SEC had a major failure in this action where 
for many years Madoff was filing false reports 
and was not getting caught. There was a 

breakdown amongst many departments in the 
SEC which helped Madoff maintain secrecy of 
his scheme. Bernie Madoff followd Ponzi’s 
footsteps just on a larger proportion which led to 
the downfall of many investors and to his arrest, 
for which he is now serving 150 years in prison. 
Investors on the other hand should now become 
weary due to the tragic drama of the highly 
respected Bernie Madoff becoming fraud. 
Maybe there are plenty of other Ponzi Schemers 
out there that we do not know about. Therefore, 
investors should be very cautious on where they 
invest their money and not always trust the 
investment firm that they have always been 
using. Bernie Madoff has changed the way the 
SEC needs to do their job. Hopefully the SEC 
has tightened up its filing audits.  

6. References

[1] Arvedlund, E., “Too Good to Be True: The 
Rise and Fall of Bernie Madoff”, Ottawa, 2009.

[2] J. Bandler, “How Bernie Did It”, Fortune, 2009, 
159(10), pp. 50-71.

[3] T. Barnett, “Look Who’s Swimming Naked 
Now”, The New York Post, 2009, Retrieved 
from http://www.traceybarnett.co.nz/madoff.htm

[4] Benson, S. (2009). Recognizing The Red Flags Of 
A Ponzi Scheme. The CPA Journal, 79 (6), 8.

[5] S.B. Bhandari, “Ethical Dilemma Of Nonprofits 
In The Agency Theory Framework,” Journal of 
Leadership, Accountability and Ethics, 2010, 8(2), 
pp. 33-40.

[6] P.W. Bonapfel, W. Hicks, J. Mills, and T. Neilson 
(2010). “The Business Bankruptcy Panel: Ponzi 
Schemes-Bankruptcy Court V. Federal Court Equity 
Receivership”,  Emory Bankruptcy Developments 
Journal, 2010, 26(2), pp.207-223.

[7] R. Cialdini, “Influence At Work In The 
Media”, Tempe, Arizona, 2009.

[8] P.J Clements, “Business Ethics Today: A Review 
Of Timeless Principles That Apply To The Financial 
Industry”, Corporate Finance Review, 2010, 15(1), 
pp.23-28.



Proceedings of the 2011 IEMS Conference

261

[9] B. Coates, “Cracking Into The Panes Of 
Corporate Denial”, Business Renaissance Quarterly, 
2010, 5(3), pp. 23-46.

[10] R. Colombo, “Trust And The Reform Of 
Securities Regulation”,  Delaware Journal of 
Corporate Law, 2010, 35(3), pp. 829-877.

[11] J. Creswell and L. Thomas, “The Talented Mr. 
Madoff; [Money and Business/Financial Desk]”, The 
New York Times, 2009, (1), pp. 2-7.

[12] S.A. DaVaney, “How To Smell A Rat: The Five 
Signs Of Financial Fraud”,  Financial Counseling 
and Planning, 2010, 21(1), pp. 68-69, 77.

[13] D.D. Galbraith and F.L. Webb, “Business 
Ethics: A View From The Classroom”,  Journal of 
College Teaching and Learning, 2010, 7(4), 39-51.

[14] Goldman, M. Corey (2009, Feb.). What Were 
They Thinking? Institutional Investor. 43 (1), 50-53.

[15] M. Gordon, “Congress Probing SEC's Madoff 
Failure”, Associated Press Financial Wire, Dateline: 
Washington, Retrieved from 
http://www.lexisnexis.com.ezproxy.montclair.edu:20
48/us/Inacademic/search/

[16] B.R. Gullickson, “The Third Time’s A Trend”, 
Strategic Finance, 2011, 92(8), pp. 8-10.

 [17] G. EJ. Hoke, “Shoring Up”, Information 
Management Journal, 2011, 45(1), pp. 26-31, 46.

[18] M. Jennings, “The Employee We Ignore, The 
Signs We Miss, And The Reality We Avoid”, 
Corporate Finance Review, 2010, 14(6), 42-46.

[19] J.J Johnson, “Private Placements: A Regulatory 
Black Hole”, Delaware Journal of Corporate Law, 
2010, 35(1), pp. 151-198.

[20] G.E Jones, L. Canilla, and J. Slepian, “On Ethics 
And Competitiveness: Understanding Business 
Graduate Students’ Perceptions”, Competition 
Forum, 2010, 8(2), pp. 220-226.

[21] J. Mankelwicz, and R. Kitahara, “Preview 
Numbers, Quantification, And The Amplification Of 
Weak Strategic Signals”, Journal of Management 
and Marketing Research, 2010, 5, pp. 1-16.

[22] S. Morrissey, “Fall From Grace”, ABA Journal, 
2010, 96(6), p. 28.

[23] Oppenheimer, J., “Madoff With The Money”, 
Wiley, New York, NY, 2009.

[24] R.J Rhee, “The Madoff Scandal, Market 
Regulatory Failure And The Business Education Of 
Lawyers”, Journal of Corporation Law, 2009, 35(2), 
pp. 363-392.

[25] Ross, B., “Madoff Chronicles, The: Inside the 
Secret World of Bernie and Ruth”, Hyperion, New 
York, 2009.

[26] J. Sens, “Bernie Madoff Needed Two Thing”, 
Golf Magazine, 2009, 51(6), p. 106.

[27] M. Singletary, “How Madoff Became An Equal 
Opportunity Thief”, The Washington Post, 2009.

[28] D. Strobler and G. Strobler, “Catastrophe- The 
Story of Barnard L. Madoff, the Man Who 
Swindled the World”, 2009, Phoenix Books, Inc.

[29] S. Weinstein, “Madoff's Other Secret: Love, 
Money, Bernie, and Me”, St. Martin's Press, New 
York, 2009

[30] G. Zuckerman, (2009). “Madoff misled SEC in 
'06, got off”, Business News, Retrieved from 
http://www.lexisnexis.com.ezproxy.montclair.edu:20
48/us/Inacademic/search/



Proceedings of the 2011 IEMS Conference

262

Analyzing Golf Swing Using Accelerometer and Stamp Controller

Zhao Zhang 
Missouri Western State University

 zhang@missouriwestern.edu

 
Abstract

This experiment uses a Memsic Dual-Axis 
accelerometer MX2125 and BASIC Stamp 
controller to analyze golf swing. It offers an 
inexpensive tool to analyze golf swing, and help 
golfers to improve their game. It is also a very 
helpful tool for teaching micro controller and 
related subjects. 

I. INTRODUCTION

Accelerometer measures how fast an object 
accelerates. MX2125 accelerometer has a 
chamber of hot gas and four temperature sensor 
at its corners. If you hold the accelerometer lever, 
all four sensors will detect the same temperature. 
When you tilt the accelerometer, the hot gas 
pocket will be off center, and the four 
temperature sensors will detect the tilt. By 
comparing the temperature differences, gravity, 
tilt, and acceleration can be detected. For this 
experiment, a MX2125 accelerometer is 
connected to a BASIC Stamp microcontroller, 
the Y-axis is used to record the acceleration 
during a golf swing, raw data is recorded to the 
on board EEPROM and transferred to a personal 
computer  and then analyzed.

II. HARDWARE

A.  BASIC Stamp Microcontroller
A BASIC stamp microcontroller from 

Parallex is used. The controller comes with a 
Stamp Editor software for PC which can be used 
to edit and download the BASIC programs to the 
controller through a USB connection. A 
prototyping board from Parallax is also used to 
connect the accelerometer, and other circuits.

B. MX2125 Accelerometer
This is a dual-axis accelerometer, it converts 

the temperature measurements into pulse 

durations, and it is very easy to interface with the 
stamp controller. It has six pins for connecting to 
the circuits, Yout, and Xout is the output for the 
acceleration of x-axis and y-axis. Tout is an 
analog output for the temperature of the hot gas 
bubble, it can be used for calibration. The other 
three pins are used for power supply and ground. 

Figure1. Picture of the controller and 
accelerometer module, with USB connection 

to its host computer

Figure2. Schematic for the MX2125 
Accelerometer

III. SOFTWARE

The software is based on a program from 
Parallax[1], with some modifications. The 
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program will record raw acceleration data about 
30 times per second. This low sampling rate is 
due to the speed limit of the microcontroller. The 
raw data from the sensor is saved into on board 
EEPROM. The output from the sensor is PWM 
signal. The micro controller measures the pulse 
width in terms of 2 microseconds. If the recorded 
data is equal to 2500 (or 5000 microseconds), it 
means no acceleration. A raw data that is smaller 
than 2500 means accelerate forward or decelerate 
backward. Otherwise if the data is larger than 
2500, it means decelerate forward or accelerate 
backward.

IV. DATA ANALYZE

Four different golf swings are analyzed. The 
following plot is the raw acceleration data 
captured during the swing.

A. First Swing

Figure3. First swing raw data
The first set of recorded data shows a slow 

backward acceleration for the back swing, and 
then an early release at the top of the swing, and 
it decelerate at the middle of down swing. There 
is a second accelation at the bottom swing. 
Because of the earlier release, this golf swing is 
considerred as a poor swing.  .

B. Second Swing

Figure 4. Second swing raw data
This swing has smoother backward 

acceleration for the back swing, then followed by 
a forward acceleration for the down swing, and 
no early release at the the top of the golf swing. 
Because it shows the continuous accelaration 
through the golf ball,  it is a better swing with 
good tempo.

C.  Third Swing

Figure 5. Third swing raw data

This swing starts with a quick back swing, a 
short stop at the top of the swing, and then 
followed by a very serious early release, and 
there is less acceleration through the golf ball.

D.   Fourth Swing
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Figure 6. Fourth swing raw data

This is an overall weak golf swing, with slow 
acceleration and speed. 

V. CONCLUSION

This experiment uses simple controller, and 
sensor. It is a very helpful tool to analyzing golf 
swing, and more future study is needed to 
improve the system and overall performance. 
This small portable device can be used to analyze 
any acceleration, such as analyzing car, bike, and 
golf swing. It can also be used in colleges and 
universities as a teaching tool.
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 Abstract 

MU CRES is designed to provide a safe, 
realistic environment for students to perform 
various cyber-security techniques. Two teams 
will be challenged in both offensive and 
defensive security during a live hacking event. 
The event will model a corporate-level cyber-
security task where data is migrated from legacy 
servers to new systems.  An administrative team 
will manage and score the effectiveness of each 
team. Defensive objectives have been 
established to reinforce lessons presented in the 
cyber-security course. Offensive goals include 
any activity that disrupts the defensive 
objectives. The dynamic nature of the event 
encourages students to utilize their knowledge in 
an effective and efficient manner. The project’s 
goal is to improve cyber-security education.

1. Introduction 
MU CRES is a system designed to encourage 

cyber-security research and education.  It is a 
response to growing demand for cyber-security 
professionals and education by both the federal 
government and the private sector [1].  The 
project was lucrative due to this increase in 
demand along with the nature of the security 
field. Security is a very dynamic subject, 
requiring a combination of past experience and a 
large knowledge base.

2. Current Approach 
Security education is lagging behind the 

demands of the workplace.  Courses are 
currently taught in a very traditional manner.  
Lectures, labs, and online sources compose most 
of the curriculum.  Unfortunately, this has led to 
a lack of initiative and experience for 
undergraduate students in cyber-security.  MU 
CRES was designed to combat these issues.

3. Project Goals
Six objectives were established to guide MU 

CRES into a usable cyber-security framework.  
The first goal was to provide the hands-on 
experience.  Second, it would be most useful if 
the framework was modeled to reflect a real 
business environment.  MU CRES needed to 
allow users to explore preventative measures 
and system hardening.  The ability to not only 
prevent attacks, but to identify threats was a key 
factor in development.  Allowing the users to 
perform both offensive and defensive actions is 
critical to the framework.  Lastly, it is important 
that there be a real life objective associated with 
the project.

4. MU-CRES 
To accomplish the goals established, MU 

CRES needed to be a very flexible system.  At 
its core, it needed to be a cyber-security sandbox 
with support for identification and validation of 
security threats and events.  The sandbox 
provides the open, exploratory environment for 
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encouraging cyber-security research and 
experimentation.  In order to incorporate 
learning with MU-CRES, a hackfest event has 
been planned for April 27th, 2011.  This event 
will exploit the educational potential of the 
system through a student competition.  To 
support such an event, the project needed to 
have support for not only identifying threats, but 
also a judging and communication system.

5. Servers
MU-CRES is made up of fifteen laboratory 

workstations donated by Marshall University.  
Because these machines are Dell workstations 
from commercial contracts, they reflect the 
hardware setup of commonly used 
workstations (figure 1).

The machines identified as servers may be 
identical in hardware, but greatly vary in 
software configuration.  A diverse set of 
operating systems were installed on the servers 
to provide a simulated working environment.  
These operating systems are Ubuntu 10.04, 
Windows Server 2008, Fedora 14 and DVL.  
DVL is a specialized distribution of the Linux 
operating system, which is specifically 
designed for cyber-security education and 
experimentation.  It was developed by Dr. 
Thorsten Schneider in Germany for his 
university courses [2].

Typical server applications were also 
installed, and simulated data was added to the 
machines manually.  These applications 
include:  MySQL server, OpenSSH/FreeSSHd 
server, vsftpd/IIS FTP servers, and Apache 
HTTP server.

The servers designated as “Legacy” servers 
run the DVL vulnerable distribution.  The 
servers designated as “New” or “Future” 
servers contain the Fedora, Windows and 
Ubuntu installations.

6. Clients
The client machines are undefined in 

nature.  Users may connect a client machine 
configured in any manner they see fit.  This 
can be both offensive and defensive in nature, 
allowing for honeypot systems or special 
penetration testing systems such as a 
Backtrack server. The only stipulation for the 
client machines is that they be able to run 
JAVA so that there can be communication 
between client machines and the judging 
server machine.

7. Monitoring Applications 
The backend for MU-CRES has been 

established with the server and client systems.  
This setup allows for exploration of security, but 
does not provide feedback to the users.  In order 
to aid in analysis of activities for a hackfest, 
MU-CRES needed a distinct set of applications 
for monitoring, threat detection, and judging 
activities. Snort, Sguil, and Wireshark offered 
the features needed for monitoring the system, 
while a Java application was developed for 
communication and scoring.

7.1 Snort

        Snort is an open-source intrusion detection 
system [3].  Its large user-base made it 
attractive, since most open source installations 
and configurations require some research.  It is 
also the most popular IDS, giving some extra 
credibility when trying to emulate a workspace.  
This is a critical part of MU CRES, as 
identifying threats will allow for greater 
understanding of the events and will allow the 
judges to more appropriately score the teams.  
Snort has many configurable rule sets. The rules 
are very helpful in order to output exactly what 
kinds of activities are being done on the network 
so that the judges might better score the teams. 
The output is displayed either in terminal or in a 
log file. However, neither option is really 
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optimal for the real-time nature of the hackfest 
event. Thus, there was a need to look for 
something that would display the output from 
Snort into a nice visual representation of the 
hard-to-read Snort log files.

7.2  Sguil

        Sguil is an interface developed for taking 
Snort output and making it more user-friendly.  
It is used to alleviate the issues with Snort and 
real-time monitoring.  Sguil shows when and 
where attacks happened, including most of the 
packet data and a threat level indicator. It gives 
the judge or administrator a birds-eye view of 
the network traffic.  The interface is run as a 
client, which connects to the Sguil server 
running on the Snort machine.  The Sguil server 
writes the Snort data to a Sguil database and 
then reports that data through the client. 

7.3   Wireshark

        Wireshark is another open-source tool for 
network monitoring [4]. Wireshark simply reads 
or sniffs packets and displays their contents.  It 
has the ability to log the packet data from 
sessions, providing a backup for checking Snort 
events.  This is important to avoid a single point 
of failure in the threat detection and validation. 

8. Judging Software
With monitoring tools established, there is 

still a need for software that enables judging of 
the hackfest event.  To enable judging, a client-
server software package was written using Java, 
since the Java Virtual Machine is easily installed 
on the various operating systems.

8.1. Server Application

The server application provides a centralized 
location for communicating with the clients.  
User ID’s are generated by the application for 
each user to ensure that teams don’t hijack each 

other’s sessions (figure 2).  It also provides 
scoring capabilities for updating the clients with 
their current scores along with reasons for  why 
they have achieved what they did.  The final 
feature of the server application is the ability to 
read the events from the Sguil database from a 
pop-up dialog box. This is done by 
implementing JDBC code within the server that 
queries the MySQL database that Snort uses to 
write its event files (figure 3). The fundamental 
element of the code that made the server be able 
to communicate with multiple clients is the use 
of threads. The server contains just one thread 
class allowing the flexibility to connect multiple 
clients without having to write code for each 
client. The server application was tested 
thoroughly for the random user identification 
generation and approval of clients using threads, 
and is now working flawlessly. The problem that 
had occurred was when the client would attempt 
to connect with the correct port but with the 
incorrect user ID; the client would receive the 
invalid login message but the server would just 
hang and the client could no longer attempt to 
login. After much debugging and heartache, it 
was discovered that in a while routine for the 
validation of the client within the server thread 
class, no code was written to break out of the 
routine and back to the beginning of the thread 
class to attempt to re-validate the client when 
they retried their login information. 

8.2. Client Application

The client application is a very minimal 
window with a frame for chat and text boxes. It 
allows the server to communicate with them and 
update their current score. The client application 
can only connect to the server by using the 
correct user identification as provided by the 
judges prior to the start of the competition. The 
client application must be run on three of each 
teams non-server machines so that the judges 
may be in constant contact regarding scoring and 
potential attacks that the teams might attempt. In 
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order to connect the client to the server, the  
client JAVA that was written had to send a 
message to the server over the specified port 
given the user ID. Once the client sent the server 
its credentials, it had to check back from the 
server and find out if it was the correct login 
information (figure 4).

9. Challenges
As with many projects involving Linux 

distributions, the fragmentation of Linux 
communities was a source of strife for the 
project.  There were many issues with Sguil and 
the Tcl package that it needs to run the client 
application.  Since Sguil is still in development, 
its requirements change often. Snort also 
depended heavily upon several libraries like Tcl 
and Barnyard. Trial-and-error seemed to be the 
only real way to solve our problems because not 
much is published about the absolute correct 
way to install and setup every minor dependency 
[3].

Though DVL was a critical tool in the 
development of MU CRES, it was also an odd 
variation of Slackware.  There’s not a how-to 
guide for using DVL, so networking 
configuration and other standard operations had 
to be done in a guess-and-check type of manner.  
Also, the DVL website has been down for a few 
months, so contact with developers and support 
is almost nonexistent.

10. Facilitating Research
One goal of the project was to develop the 

system in a manner that encourages cyber-
security research.  MU CRES does so by 
creating a safe-haven for users that want to 
tinker with network attacks, but only have 
access to a university network.  Because it is 
disconnected from the university machines, 
there are not security risks for the schools or 
users.

To further aid in encouraging research, the 
MU CRES machines will be imaged and made 

available online.  A setup guide and a tips 
document will also be included with details 
about common issues with the setup.  The 
images and guides will be available to anyone.

11. Future Development
Moving forward, MU CRES could be 

improved in various ways.  The inclusion of 
wireless network monitoring would make the 
sandbox even more relevant. The ability to have 
multiple judges or have more than two 
competing teams are other possibilities for 
improvements to the project. It is hoped that MU 
CRES could be implemented in other 
universities so that they too could have an 
environment for hands-on experience with 
fundamentals and concepts that were learned in 
the classroom.

12. Conclusion
MU CRES is a great tool for the students at 

Marshall and will hopefully be beneficial to 
many others in the near future. Having the 
ability to actually put into practice in a realistic 
environment what one has learned in a 
theoretical class is why MU CRES is not just 
necessary -- it is vital.

Figure 1. Network architecture
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Figure 2. User identification from server

String SQL1 = "USE sguildb";
String SQL2 = "SELECT * FROM event";
stmt = con.createStatement();
rs = stmt.executeQuery(SQL1);
rs = stmt.executeQuery(SQL2);
while (rs.next()){
String integerDSTIP = rs.getString("dst_ip");
String integerSRCIP = rs.getString("src_ip");
try{
realSRCIP = 
InetAddress.getByName(integerSRCIP);
realDSTIP = 
InetAddress.getByName(integerDSTIP);}
catch (Exception myEx) {
System.out.println(myEx.getMessage()); }
//grab only the data that we need from the query
toDatabaseDialog += rs.getString("timestamp") + " :  
" + "Source: " + realSRCIP + "  " + "Event type: " + 
rs.getString("signature") + "  DST IP : " + realDSTIP 
+ "\n";}

Figure 3. Server JDBC code

try{
clientSocket = new Socket(host, port);

//send port and ID to server
sendMessage(port +":"+ uid + '\n');
txtArea.setText(txtArea.getText() + "***Validating 
connection***\n");
            
//start the thread
start();
}
catch (SocketException myEx){
txtArea.setText(txtArea.getText() + "*Socket is 
Closed*" + '\n'); }

Figure 4. Client connect code
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 Abstract 

Innovation and technological advances in 
cameras have made the hobby accessible to 
greater numbers. The improvements in 
photography led to smaller cameras with lower 
costs and greater memory capacity. There is a 
wide product range in the market with different 
models, brands and prices both for professional 
photographers and amateurs. This complicates 
the selection of the best camera alternative for 
an end-user, even for a professional. In this 
research, we make use of the multi-criteria 
decision making (MCDM) approach in order to 
evaluate digital cameras according to end-users 
preferences, and then select the best one.

1. Introduction 

The development of photography and camera 
devices continued to accelerate alongside the 
pace of other technology developments. A 
digital camera has become one of the important 
gadgets that a family must have. Today cameras 
are available ranging from different models, 
brands and prices both for professional 
photographers and amateurs. Therefore, 
selecting the most suitable camera in the market 
is a challenging task for an end-user. There is 
not a camera in the market that fits to all end-
users’ requirements [1]. In this research, we 
propose a multi-criteria decision support 
framework in order to select the best digital 
camera for an end-user. We have differentiated 
the end-users into three groups according to their 
usage characteristics, technical expectations and 
budgets. Then, we have determined the most 
convenient criteria and their sub-criteria in order 

to differentiate the digital camera alternatives in 
the market. We have used the AHP technique to 
find the priority weights of these criteria and 
sub-criteria. We have used two distance-based 
multi-criteria decision making methodologies 
(TOPSIS and compromise programming) in 
order to rank the alternatives and then compared 
the results.  

The rest of the paper is organized as follows: 
Previous research in the related topics is 
represented in Section 2. Section 3 presents the 
main lines and the process flow of the proposed 
framework. Section 4 contains the elements of 
the framework hierarchy with the decision 
alternatives. Section 5 and Section 6 introduce 
the methodologies that we use for evaluating the 
criteria and for ranking the decision alternatives, 
respectively. The results of the application are 
given in Section 7, before concluding the paper 
in Section 8.

2. Related work 

The AHP methodology was first introduced 
by Thomas L. Saaty in the 1970s and afterwards 
it gained wide acceptance among researchers 
and practitioners [2]. Salmeron and Herrero [3] 
have proposed the use of AHP to set critical 
success factors priorities of information systems 
development and implementations. Bueno and 
Salmeron [4] have made use of the AHP in order 
to identify the intensity and the relationships 
among criteria in the task of selecting the ERP 
tool problem. Büyüközkan [5] has used the AHP 
approach to prioritize m-commerce requirements 
in order to provide better services and attract 
them to m-commerce. Wang and Yang [6] have 
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used the AHP method and fuzzy compromise 
programming for supplier selection. At the same 
time, their selection model allocates order 
quantities among suppliers with their quantity 
discount rates.

Bardossy et al. [7] contributed to the 
compromise programming framework by 
incorporating a multilevel hierarchical structure 
in the objectives. This new implementation, also 
known as ‘composite programming’, allows the 
decision maker to use different metrics of 
distance (p values) individually for groups of 
objectives. Bardossy and Duckstein [8] further 
extended compromise programming to deal with 
the vagueness, fuzziness inherited in 
information, developing fuzzy composite 
programming. Some recent applications of 
compromise programming include: Merino et al. 
[9] solved a multiobjective decision-making 
problem of assessing six management 
alternatives for the karstic aquifer management 
problem just indicating a preference order in 
objectives followed by the application of fuzzy 
composite programming. Terol et al. [10] have 
used fuzzy compromise programming in order to 
solve the portfolio selection problem. For this 
task, they have introduced the fuzzy ideal 
solution concept based on soft preference and 
indifference relationships and on the canonical 
representation of fuzzy numbers by means of 
their α-cuts. In one of our recent works, we used 
the compromise programming as one of the 
methodologies of an integrated framework for 
the selection of third-party logistics outsourcing 
[11]. Allouche et al. [12] have proposed an 
aggregation procedure that integrates three 
different criteria to find the best sequence in a 
flow shop production environment. Abdelaziz 
and Masri [13] have proposed a compromise 
programming approach together with the chance 
constrained approach to transform the 
multiobjective stochastic linear partial 
information on probability distribution.

In the literature, we can see the integration of 
AHP and TOPSIS methodologies in many types 
of selection problems. Işıklar and Büyüközkan 
[1] have proposed a framework which is based 
on the AHP and TOPSIS methodologies in order 
to evaluate mobile phone options. The authors 
have proposed a similar framework, however in 
this paper we have extended their proposed 
framework and have compared the ranking 
results of two multi-criteria decision making 
methodologies. A shipping registry selection 
problem under multiple criteria is solved by 
using the AHP and TOPSIS approaches [14]. 
The authors have used the AHP to measure 
relative importance of evaluation criteria and the 
TOPSIS to rank the shipping registry 
alternatives. In another study, the authors have 
integrated AHP and TOPSIS, in order to 
examine the improvement fields of Iran 
automobile industry [15]. They have combined 
the results of two techniques to find the final 
ranking. 

As we have gone through the related 
research, we come to the conclusion, that AHP 
is the most appropriate tool for determining the 
priority weights of consumer criteria. 
Furthermore, making the decision according to 
different user profiles was the essential property 
of our decision problem. AHP was also suitable 
for this purpose. We have assumed that a 
consumer is a rational decision maker, who 
should select the alternatives that are closer to 
the ideal solution than those that are farther in a 
market. This has directed us to the distance 
ranking approaches, so we have selected two 
distance-based MCDM approaches, the 
compromise programming and TOPSIS, and 
compared their results. 

3. The proposed framework 

The first step requires determining the most 
reasonable criterion list that enables the decision 
maker’s differentiating the alternatives. Doing 
so, the users of the decision alternatives and the 
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experts in the field in question can be 
interviewed. Additionally, there can be several 
works on the same subject in the literature. 
During the literature survey, we have not 
encountered any research on the selection of 
digital cameras or on the identification of the 
significant attributes of a digital camera. 
However, there were many benchmark studies 
comparing different brands of cameras with 
respect to different technical attributes. We have 
analyzed them and found the commonly used 
technical criterion list. Then, we had three 
professional experts approve the list. 

The next step involves the pairwise 
comparisons of these criteria and sub-criteria. 
We have interviewed 12 dabblers, 10 students 
and 8 news, sports and action photographers and 
asked them to compare each criterion and sub-
criterion with another one. Additionally, the 
experts have evaluated the performances of the 
nine decision alternatives with respect to these 
criteria. All these assessments were made using 
the linguistic terms, such as ‘moderately 
important’ or ‘extremely important’. Then, their 
arithmetic averages are taken. Using this 
information, the AHP methodology gives us the 
priority weights of all the criteria and sub-
criteria. As we have three user profiles, we 
obtain the priority weights for each of them.

The following step is the ranking of the 
alternatives. We have chosen two distance-based 
methodologies, TOPSIS and compromise 
programming. Each of them necessitates finding 
the ideal and anti-ideal solutions in order to 
locate the alternatives. Then, for each 
methodology, the distance of each sub-criterion 
and criterion from the ideal and anti-ideal 
solutions was calculated. This will tell us which 
are the closest alternatives to the ideal solutions, 
and also the farthest alternatives to the ideal 
solutions.

4. Evaluation criteria 

The main objective of the proposed decision 
support system is to select the best alternative 
among a number of digital camera options in 
respect to different user profiles. Although there 
are numerous features of a digital camera, we 
have studied them mainly in four groups: design 
and control related criteria, technical criteria, 
real-life performance related criteria, and the 
economic criterion (Figure 1). These criteria are 
the fundamental criteria of the benchmark 
models and buying guides of most digital 
photography magazines. The first three major 
groups of criteria have their own sub-criteria. In 
exploring the most reasonable criteria list, the 
guidance of experts has been of significant value 
in choosing convenient features. Even though 
there are some exceptions, we have given the 
common requirements for each sub-criterion as 
its goal. The sign ‘+’ means that the given sub-
criterion is required to be maximized, whereas 
the sign ‘-’ means that the given sub-criterion is 
required to be minimized. 

The decision making problem has three 
levels of hierarchy. At the top of the hierarchy, 
the objective of the problem is set, namely 
determining the best digital camera for the given 
user profile. The middle level contains the 
criteria along with their sub-criteria. The lowest 
level consists of the alternatives which are 
chosen in respect to different user profiles. As 
alternatives, a Canon 1000D, a Nikon D3000, a 
Sony A230 are selected for the dabbler, a Canon 
500D, a Nikon D90, a Sony A550 for the 
student, and a Canon 5D Mark II, a Nikon D700, 
a Sony A900 for the news, sports and action 
photographer.
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Design and control related criteria:
a. Dimension (-)
b. Weight (-)
c. Environmental protection (+)
d. Flash synch speed (+)
e. Viewfinder coverage (+)
f. Viewfinder magnification (+)
g. Lifeview, size and resolution (+)
h. Battery performance (+)
i. Connectivity (+)

Technical criteria:
a. Sensor size (+)
b. Focusing (+)
c. Metering (+)
d. Anti-dust (+)
e. Shooting speed (+) 
f. Remote control (+)
g. Movie mode (+)

Real life performance related criteria:
a. Real life resolution (+)
b. High ISO noise (+)

Economic criterion:
a. Price (-)

Figure 1. Criteria and sub-criteria

5. Finding the priority weights of the 
criteria and sub-criteria: The 
Analytical Hierarchy Process (AHP) 
methodology

AHP is a multi-criteria decision making 
technique proposed by Saaty which combines 
tangible and intangible aspects to obtain the 
priorities associated with the alternatives of the 
problem [2]. The AHP encompasses six main 
steps:

i. The AHP uses several small sub-
problems to present a complex decision 
problem. The decision problem is decomposed 
into a hierarchy with a goal at the top, criteria, 
sub-criteria at sub-levels and the decision 
alternatives at the bottom of the hierarchy.

ii. The decision matrix is constructed using 
the Saaty’s nine-point scale (Table 1). The 
decision matrix involves the assessments of each 
alternative in respect to the decision criteria. The 
decision making problem which consists of n 

criteria and m alternatives takes the following 
form:

(1)

The elements {dij}signify the rating of the ith 
alternative in respect to the jth criterion.

iii. The elements of the hierarchy are 
compared in pairs. The objective in this step is 
to determine their relative priorities in respect to 
each of the elements at the next higher level. 
The pairwise comparison matrix, which is based 
on the Saaty’s 1-9 scale (Table 1), has the form:

=  (2)

     If n(n-1)/2 comparisons are consistent, then 
the elements {aij}will satisfy the following 
conditions:

  and aii = 1 with i, j, k = 1, 2,.., n.  (3)

The element {aij}is the degree of preference 
of ith criterion over jth criterion. 

iv. The consistency of the decision maker’s 
judgments during the evaluation phase needs to 
be checked. The AHP methodology uses the 
inconsistency index in both the decision matrix 
and in pairwise comparison matrices which is 
calculated as:

    (4)

where λmax  is the highest eigenvalue and N is 
the number of criteria. The closer the 
inconsistency index is zero, the greater the 
consistency. It should be lower than 0.10 to 
accept the AHP results as consistent.

v. The comparison matrices need to be 
normalized. Therefore, each column is divided 
by the sum of entries of the corresponding 
column. In that way, a normalized matrix is 
obtained in which the sum of the elements of 
each column vector is 1.
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vi. The eigenvalues of the matrix are 
calculated which give the relative weights of 
criteria. The relative weights are checked if they 
verify the following condition:

A  W = max  W                      (5)
where A represents the pairwise comparison 

matrix and W represents criteria weights’ vector. 
If there are elements at the higher levels of the 
hierarchy, the obtained weight vector is 
multiplied with the weight coefficients of the 
elements at the higher levels, until the top of the 
hierarchy is reached. The alternative with the 
highest weight coefficient value should be taken 
as the best alternative [1].

6. Ranking the decision alternatives

6.1. Compromise programming

Compromise programming is initially 
proposed by [16]. It is a distance-based multiple 
criteria decision making approach, which 
defines the term ideal solution. The ideal 
solution is the point where each alternative 
under consideration reaches its optimum value. 
It is an alternative to the classical utility theory 
when there are multiple objectives to be satisfied 
simultaneously and there is not any explicit 
knowledge of the utility function. The main step 
is the definition of the metric Lp, which 
represents the distance of the alternatives from 
the ideal solution. This metric differentiates the 
alternatives that are closer to the ideal solution 
than those that are farther. The term Lp is 
calculated as:                          (6) (

where wi are the associated weights of each 
of the objectives i. *

i

Z  and *

i

Z  are the best and 

worst possible solutions of the alternatives in the 
objective space. Zij is the objective value of the 

jth alternative in ith objective, whereas p is the 
distance metric. p = 1 corresponds to the 
Manhattan distance which is defined as the 
longest distance between two points in a 
geometric sense. Further it could be interpreted 
as the case of separable and additive utility 
functions. A low performance in one of the 
objectives could be offset by a higher 
performance in one or more other objectives 
[17]. p = 2 represents the shortest distance 
between any two points which is a straight line. 
It is called the Euclidian distance and is a typical 
quadratic programming model case. As the 
values of p become greater than 2, the geometric 
representation of the distances fails. The extreme 
case of p equals to  signifies the Tchebycheff 
distance. This is the competitive and non-
compensatory case, where the influence of the 
distances in the objectives is emphasized as 
strong as possible. In other words, a poor 
performance in an objective is severely 
penalized.

6.2. The TOPSIS methodology

The TOPSIS method is proposed by Chen 
and Hwang [18], with reference to Hwang and 
Yoon [19]. The main idea in TOPSIS is that the 
chosen alternative should have the shortest 
distance from the ideal solution that maximizes 
the benefit and also minimizes the total cost, and 
the farthest distance from the negative ideal 
solution that minimizes the benefit and also 
maximizes the total cost [20]. 

The TOPSIS methodology encompasses six 
main steps:

i.   The TOPSIS method needs the decision 
matrix where the performance values of each 
alternative in respect to each criterion is 
computed. Next, the decision matrix is 
normalized as:

 , i, j (7)
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where the element {rij} is the normalized value.
ii. The weighted normalized decision 

matrix is calculated. The weighted normalized 
value vij is calculated as:

Vij = wi.rij, i, j       (8)
where wi is the weight of the ith criterion, and 

iii. The ideal and the negative ideal solution 
are calculated as:

   (9)

 (10)

where Cb is associated with benefit criteria 
and Cc is associated with cost criteria [20].

iv. The separation measures are calculated 
using Euclidian distance which is given as:

   and       (11)

(12)
v. The relative closeness to the ideal 

solution is calculates. The relative closeness 
values of an alternative Ai with respect to A+, 
which lie between 0 and 1, is given as:

      (13)

vi. The preference order is ranked. The 
larger index value means that the alternative is 
closer to the ideal solution.

7. Obtained results

In this part of the paper, the numerical results 
of the application are presented. As said the 
initial step of the AHP methodology, users of 
each profile do the pairwise comparisons of the 
criteria and the sub-criteria. As mentioned, we 
have interviewed 12 dabblers, 10 students and 8 
news, sports and action photographers. 

The normalized global priority weights 
among the four main criteria and nineteen sub-
criteria with their ranking have been depicted in 
Table 1. The weighted normalized decision 
matrix of the alternatives is calculated by 
multiplying the normalized decision matrix and 
the weights. For TOPSIS, the computed 
distances of each alternative to ideal solution 
(S+) and the ones to non-ideal solution (S-) have 
been calculated. 

Both Lp and RC are distance metrics, but 
their range is not the same. RC is defined in the 
range of [0,1] which is not the case for the Lp 
metric. However, since we only consider the 
ranking of the alternatives, we are not interested 
on the magnification of the metrics. A rational 
decision maker is expected to prefer the 
alternative which is closer to the defined ideal 
solution than the one which is farther.

By utilizing our proposed decision support 
framework, the dabbler finds that Canon 1000D 
is the most desirable digital camera among nine 
alternatives in both ranking methodologies. 
Likewise, the news, sports, and action 
photographer finds that Nikon D700 is the most 
desirable digital camera in both ranking 
methodologies. Note that, both ranking 
methodologies (TOPSIS and compromise 
programming) give exactly the same order for 
these two profiles of end-users. The student 
prefers Canon 550D when compromise 
programming is used, and Sony A230 when 
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TOPSIS is used as a ranking methodology. Also, 
we can see the differences in remaining order. 
We have summarized the preference orders in 
Table 2.

Table 1. Priority weights in the AHP for three 
different user profiles

DABBLER

Criteria
Weight 

btw. 
criteria

Weight 
within 
criteria

R
a
n
k

Weight 
among 
criteria

R 
a  
n  
k

Design & control 
related 0.1806
-Dimension 0.2000 2 0.0361 4
-Weight 0.3513 1 0.0634 3
-Environmental 
protection 0.0562

5 0.0101 10

-Flash synch speed 0.0332 7 0.0060 13
-Viewfinder coverage 0.0239 9 0.0043 15
-Viewfinder 
magnification 0.0416

6 0.0075 11

-Lifeview, size, 
resolution 0.0890

4 0.0161 6

-Battery performance 0.1722 3 0.0311 5
-Connectivity 0.0326 8 0.0059 14
Technical 0.0438
-Sensor size 0.3139 2 0.0137 9
-Focusing 0.1597 3 0.0070 12
-Metering 0.0791 4 0.0035 16
-Anti-dust 0.0538 5 0.0024 17
-Shooting speed 0.0336 6 0.0015 18
-Remote control 0.0186 7 0.0008 19

-Movie mode 0.3414 1 0.0149 8
Real-life perf. related 0.0918
-Real-life resolution 0.8333 1a. 0.0765 2

-High ISO noise 0.1667 2b. 0.0153 7
Economic 0.6839
-Price a. 1.0000 1b. 0.6839 1

8. Conclusion

In this research, we propose a multi-criteria 
decision making tool in order to assist the digital 
camera selection process of different types of 
end-users. Based on the profile of our 
interviewers, we differentiate the camera users 
into three profiles. It is always possible to have 
more profiles, especially for more professional 
photographers. The obtained results demonstrate 
that there is not a digital camera that is best for 
each end-user profile. It is possible to apply the 
proposed decision support tool into selection 
problems in different domains. 

Both ranking approaches in this work are 
based on distances from ideal solutions. 

Compromise programming method introduces 
the ranking index based on the particular 
measure of closeness to the ideal solution. On 
the other hand, TOPSIS method chooses the 
alternative that has the shortest distance from 
the ideal solution and the farthest distance from 
the anti-ideal solution. This means that, for the 
end-users who both care to be close to the ideal 
solution and far from the anti-ideal solution, 
TOPSIS may be a more suitable ranking 
approach. For the end-users that focus on how 
good an alternative is in a given criterion and 
sub-criterion by ignoring how bad the alternative 
is, compromise programming may be preferable. 
The comparative analysis shows that these two 
approaches can give different solutions, as they 
introduce different aggregating functions for 
ranking.

Table 2. Comparison of preference orders 
Preference order for TOPSIS

Dabbler

Canon 1000D f Sony A230 f Nikon 
D3000 f Canon 550D f  SonyA550 f  
Nikon D90 f  Canon 5D MKII f Nikon 
D700 f Sony A900

Student

Sony A230 f Canon 1000D  f Nikon 
D3000 f  Canon 550D f Sony A550 f  
Nikon D90 f  Nikon D700 f  Canon 5D 
MKII f  Sony A900

News 
photographer

Nikon D700 f  Canon 5D MKII f  Sony 
A900 f  Canon 550D f  Nikon D90 f  
Sony A550 f  Canon 1000D f  Nikon 
D3000 f  Sony A230

Preference order for compromise 
programming

Dabbler

Canon 1000D f Sony A230 f  Nikon 
D3000 f  Canon 550D f  SonyA550 f  
Nikon D90 f  Canon 5D MKII f  Nikon 
D700 f  Sony A900

Student

Canon 550D f  Canon 1000D f  Nikon 
D90 f  Sony A230 f  Nikon D3000 f  
Sony A550 f  Canon 5D MKII f  Nikon 
D700 f  Sony A900

News 
photographer

Nikon D700 f  Canon 5D MKII f  Sony 
A900 f  Canon 550D f Nikon D90 f  
Sony A550 f  Canon 1000D f  Nikon 
D3000 f  Sony A230
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Abstract
Nowadays, product recall has become an 
inevitable problem that strikes companies or 
manufacturers. The impact of product recall is 
very critical and significant.  If there are no 
sufficient preparations made, product recall 
can easily bring companies or manufacturers 
down.  The main objective of this paper is to 
analyse the area of product recall in New 
Zealand.  Product recall data are collected in 
the past three years and the results are 
presented. 

1. Introduction

Product recall can be defined as an 
action that removes defective products from 
sales, consumption or operation due to safety 
risk that may be possessed by particular 
products. Products in this case can range from 
variety of consumer products such as 
automobiles, electrical appliances, kid’s 
product, foods and the likes. Products recall 
are usually due to safety concern and the 
reasons for recall are majorly caused by 
production defect, design flaw, new scientific 
information about dangers that can be caused 
by certain product or material, accidental 
contamination and other  issues that result in 
failure to perform its intended function for a 
specified interval under stated conditions. It 
would be expected that in today’s world, with 
cutting-edge technologies, research and 
development and advanced manufacturing 
technology, defective products can be 
minimized if not eliminated. In fact, modified 
competitive, technological, social and political 
circumstances have magnified the potential 
impact of operations-related failure (Lewis, 
2003). This has made product recall becomes 
inevitable in today’s world.
     
     Product recall has been a major issue 
for manufacturers and companies that are 
affected by it. This can be seen in the recent 

Toyota recall where millions of models have 
to be recalled back due to defects in gas pedal 
that causes sudden acceleration. This has 
caused billions of dollars to the company who 
pioneered in the Just-In-Time (JIT) 
manufacturing which aims to eliminate waste 
and zero defects.  Hence, the aims and 
objectives of this paper are to assess the 
frequency, type and nature of product recalls 
which are carried out due to safety concerns 
across all major product sectors and to identify 
the key reason and factor determining why 
certain product recalls appear to have been 
successful as well as those which seem to have 
been less effective. 

Research and studies in the field of 
Production & Operations Management and 
Manufacturing have not been done widely in 
the case of product recall. There are very few 
literatures have been established that actually 
discussed in details the case of product recall 
in terms of method, direct manufacturing and 
remanufacturing cost and resources associated 
to it (Askin, 2002; Chandrupatla, 2009; Hopp, 
2008). 

Cost of product recall ranges from 
reverse logistics, transportation, inventory 
holding cost, manufacturing, remanufacturing, 
lost of sales and lawsuit expenses (Jamal, 
2004; Khan, 2002; Mabini, 1992). 

According to Min (1989), “Cost of 
product recall through reverse distribution 
channel are two to three times higher than the 
cost of forward distribution due to the small 
quantities of shipments and the urgency 
involved in the recall process”. However, this 
is not the only cost that involves during 
product recall, the cost of resources, 
manufacturing and remanufacturing costs also 
contribute significantly. 
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2. Product Recall Statistics in New 
Zealand

Product recall cases that occur in New 
Zealand from the year 2007 to 2009 are 
collected from www.consumer.co.nz. All 
product recall cases that occur within New 
Zealand will usually be advertised or 
announced in this website to alert consumers 
who concern regarding quality and reliability 
of products that they are using or products 
available in the market. 

The data are collected and products are 
classified into 5 major product types which are 
Automotive, Electrical Appliances, Kid’s 
Product, Foods, and Other.  The important 
issues collected on the recalled products are 
Date Recalled, Product Category (Automotive, 
Electrical Appliances, etc.), Recall Made by 
(Retailer, Manufacturer or Government), 
Problem (Design Flaw, Manufacturing Faulty 
and Mislabelling), Details (Tracking Number, 
Where it was sold, Time Period, etc.), Action 
to be Taken (Return to Retailer, Return to 
Manufacturer, Refund, etc.)

These data are collected and analysis is 
made on the statistics of the product recall. 
Figure 1 shows the frequency of recall by type 
and the frequency of product recall that 
occurred from 2007 to 2009. Due to limited 
data range of product recall, the trend and 
behaviour of product recall frequency is a little 
bit difficult to observe, but it is believed that 
the trend is somewhat not consistent as 
product recall is quite a random phenomenon 
that strikes a certain company or manufacturer 
but however, product recall must be put into 
consideration of every company that somehow 
it will happen and thus, preparation plans and 
risk management need to be made prior the 
product is being released to the market. Min 
(1989) stated that “Without preparation for the 
possible occurrence of product recall, the 
company may panic when product recall 
actually takes place”.

    

Figure 1.  Product recall frequency by type of product from 2007 to 2009 (left), 
Product recall frequency in New Zealand from year 2007 to 2009 (right)
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Figure 2. Cause of product recall (Year 2007-2009)

One important finding from the 
analysis is the cause of recall that occured 
from 2007 to 2009. It can be seen from Figure 
2 that the most major causes of product recall 
are due to design flaw and manufacturing 
faulty. This gives an important indication that 
in order to overcome and prepare for a 
possible product recall; measures should be 
started from the beginning stages of product 
design and up to the production process of the 
product. Even in today’s world with 
sophisticated product design technology, it 

is still unlikely for manufacturing companies 
will always produce defect-free goods.  Figure 
3 on the other hand, shows the recall 
conductor for all product recalls that occured 
through the three years period. Most product 
recalls are made or conducted by the 
manufacturers themselves. Therefore, in terms 
of resources and costs that are associated with 
product recall, are bear mostly by the 
manufacturer itself. Thus, it is very important 
to plan and prepare for a possible product 
recall in order to optimize all the expenses that 
are included.
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Figure 3. Recall conductor from year 2007-2009

3. Discussion
         

In the case of product recall, when small 
amount of product is defective, the cost to 
recall the product would be very high.  
Usually, for small volume of defective 
product, manufacturer will only recall the 
product out of the market and no reworking or 
remanufacturing will be done, this however 
depend on the type of product. Nonetheless, 
looking at the recall analysis that was done, 
more than 44% product that are going to be 
recalled will be fully refund.  This statistic is 
given in Figure 4. This happens when the cost 
for remanufacturing of each item is higher 
compared to the retail price of the product in 
the market which in turn will cause lost of 
sales. This call is not cost effective for the 
manufacturer to proceed with. The setup cost 

will be high and also high cost of reverse 
logistics will involve. Therefore, this leads to a 
finding that in the recall studies that was done 
in New Zealand from 2007 to 2009, it can be 
said that at least 50% recall cases does not 
involve a very high volume of product. 
However, there will be also cases where for a 
production company or manufacturer that 
mass produces product in the range of millions 
unit, recall still needs to be conducted even at 
low defective fraction. Taking example a 
company producing 1,000,000 units per year 
and 10% is defected.  It means that 100,000 
item must be recalled and remanufactured if 
possible. This is relatively high volume 
involved; example of this case can be seen in 
several product recall cases such as the recent 
iphone 4 recalls, the recent Toyota gas pedal 
recall and the 1978 Firestone recall.
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Figure 4. Percentage of refunded recall from 2007 – 2009

4. Conclusion

          The natures of product recall that 
occurred in New Zealand from 2007 to 2009 
involve at least 40% of low volume product 
recall. This is supported by the statistical 
analysis that was done where at least 44% out 
of the total recall for each year are opt for a 
full refund and not to be remanufactured or 
repaired. 

If further studies are to be done on this 
particular area, collaboration with a 
manufacturer or company is very important in 
order to obtain primary data and produce much 
more accurate and detail data analysis. 

In the case of food products, if it was 
contaminated and due to recall, obviously it 
cannot be remanufactured, the choice is just to 
dispose the product. Therefore, it is important 
to also consider disposal inventory model for a 
product recall with product that cannot be 
reworked or remanufactured. 

Moreover, in today’s world of 
sophisticated manufacturing technology and 

advance rapid prototyping, product recall has 
become inevitable. Therefore it is important to 
analyze inventory management to help in 
inventory planning and decision for a product 
recall in order to conduct a successful recall.
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