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A Design of Experiment Application for Marketing Decisions

S. Emre Alptekin and Gülfem Işıklar
Galatasaray University

ealptekin@gsu.edu.tr, gisiklar@gsu.edu.tr 

 Abstract 

In todays’ the economic world, the capacity 
and the existence of the companies become 
directly related to their market value. It is 
essential that the company or the organization 
addresses to its current and prospective 
customers; and the best way of carrying out this 
is marketing. As marketing become more and 
more important, a need for making strategic 
decisions in this field emerged. In this work, we 
have analyzed factors which influence the 
market share value of a globally known soft 
drink company.

1. Introduction 
As a result of the rapid development of 

markets, multinational corporations and 
companies have begun to thrive. Due to fierce 
competition, marketing strategies for these 
companies have started to diverge. Each market 
with different shape has its own marketing 
strategy. These strategies are often determined 
based on pricing, product characteristics, 
communication strategies and distribution 
networks. As the capacity and the existence of 
the companies are directly related to their market 
value, the companies need to address to their 
current and prospective customers using 
marketing. Consequently, marketing become 
more and more important, which results in a 
need for making strategic decisions. For this 
purpose, a decision support system should be 
implemented which would affect the success of 

the company by determining the effects of 
strategic decisions. 

The effectiveness of marketing strategies is 
difficult to be determined. Typically, consumers 
are receiving daily hundreds, even thousands of 
marketing messages delivered through all kinds 
of media (Television, Internet, newspapers, 
billboards, etc.). However, most of these efforts 
used to reach the customers are not resulting in 
desired results. For example, for the Internet 
banner ads, the click through rates are usually as 
low as 0.2 to 0.3 percent, which simply means 
that the marketing messages fail to hit their 
targets [1]. As a result companies are looking for 
ways to anticipate which stimuli would trigger a 
response. But this problem proved to be very 
complex, since there are so many combinations 
of stimuli [1]. 

In this work, our aim is to identify factors 
affecting the process of strategic decision 
making in marketing and to measure their 
effects. We used experimental design for 
measuring the effects. Experimental design is 
chosen as the means, because it can quantify the 
effects of independent stimuli on behavioral 
responses and can help marketing executives 
analyze how the various components of a 
marketing campaign influence consumer 
behavior.

The applicability of the proposed 
methodology is demonstrated using the data of a 
globally known soft drink company. The data is 
examined and the factors affecting the goals of 
maximizing the market share and the sales 
volume of a soft drink company are identified.
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The remaining part of the paper is structured 
as follows: Section 2 presents the Design of 
Experiment methodology. Section 3 presents the 
case study and the last section summarizes 
concluding remarks driven from the case study.

2. Methodology of Design of 
Experiments 

Ronald A. Fisher introduced design of 
experiment concept in 1926, which is based on a 
factorial experiment in which each of the 
possible combinations of several factors with 
different levels is tested using one or more 
experiments. [2]. His studies are about 
increasing agriculture yields in Agriculture 
Experimental Station outside London. 
Experimental design methodologies have been 
used for many years in various areas, such as 
manufacturing, psychology, and pharmaceutical 
clinical trials where engineers could change the 
factors such as time, pressure, flow rate [1]. 
Fisher, first introduced the idea of interaction 
effects with block effects. However it was left in 
mid 1930’s for Yates to give a detailed 
explanation of the principles of confounded 
factorial experiments. Fractional factorial 
experiments were introduced by Finney in 1945. 
In the latter part of 1940’s, many studies have 
been done about factorial and fractional factorial 
experiments. In 1950’s and 1960’s Herzberg and 
Cox have published detailed bibliography of 
contributions in design of experiments [2]. Box 
and Wilson has introduced response surface 
method. Since 1965, almost all of the factorial 
experiments involve fractional factorial 
experiments [2]. In late 1970 and until 1990, this 
method was used in quality improvement 
initiatives in many companies. Especially, when 
Japanese had got great success about electronics 
and automobiles, DOE method was used for 
robust parameter design. After 1990, the modern 
era has begun and the advent of personal 
computer has increased the use of this method 
[3].

In general, experiments are used to study the 
performance of processes and systems. [4] A 
process is the transformation of inputs into 
outputs. Inputs can be people, machines, 
methods, etc. and outputs can be performance or 
quality of product [5]. Output may have one or 
more observable response variables. Some of 
process variables are controllable variables, 
where as some of them are uncontrollable. The 
aim of an experiment can be, determining most 
influential variables, determining where to set 
influential variables for desired response, 
determining where to set influential variables to 
reduce variability in response, determining 
where to set influential variables to minimize the 
effects of uncontrollable variables [4].

In this work, we applied experimental design 
methodology to marketing. Some of the more 
recent works present in literature applied to 
different marketing problems are as follows: 
Gordon et al. [6] focused on direct marketing 
and using Placket-Burman designs. The aim of 
their experiment was to find ways of increasing 
the effectiveness of the direct mail program of a 
firm, which delivered their credit card offers 
through direct mails. Bradlow [7] defined 
conjoint analysis as one of the most celebrated 
tools in Marketing and provided a wish-list, of 
sorts, summarizing current cutting-edge research 
that is trying to fill some holes, and other issues 
that he wished were trying to be filled. In their 
article, Srivastava and Lurie [8] proposed that 
the effectiveness of a price-matching guarantee 
as a signal of low store prices depends on 
individuals’ beliefs about the degree to which 
other consumers in the market engage in price 
search, enforce price-matching guarantees, or 
both. Consistent with signaling theory, they 
demonstrated that market level factors affect 
consumer beliefs about the extent to which 
others engage in price search and thereby the 
effectiveness of price-matching guarantees in 
lowering perceptions of store prices. Malmquist 
and Wyner [1] defined experimental design as a 
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new marketing science and compared traditional 
testing techniques with experimental design. 
They explained the ABC of experimental 
designs at hand of examples. Green et al. [9] 
demonstrated the advantages of conjoint analysis 
using a credit card company’s example. The 
design used in their work consisted of 12 
attributes with two to six levels, for a total of 35 
levels with possible combinations of levels 
reaching 186,624. They made use of a hybrid 
conjoint analysis with an array of 64 profiles. 

Design of Experiments refers to process of 
planning, designing and analyzing the 
experiment by using simple and statistical 
methods to get outputs effectively and 
efficiently [5]. The strategy of experimentation 
is planning and carrying out an experiment. 
There are some ways to achieve the strategy of 
experimentation. Best guess approach is used 
mostly by engineers and scientists which is 
about deciding the best combination of factors 
by guessing. However, best guess may not 
produce desired results and there is no guarantee 
that the best guess can be the best solution for 
experiment. One-factor-at-a-time approach is 
about selecting a starting point then, varying 
each factor level with other factors held constant 
to see the results in response variable. The major 
disadvantage of this method is, it fails give 
correct results when there is an interaction 
between factors [4].

A Factorial experiment is an experimental 
strategy in which factors are varied together, 
instead of varying each constant in its range 
while holding other factors constant. Factorial 
design allows experimenters to test many factors 
simultaneously [4]. 

The simplest factorial design involves two 
factors, where all factors have two levels, coded 
factor levels low for (-) and high for (+). We can 
assume the levels of factors A-, A+, B-and B+. 

If we compare one factor at a time method 
with factorial design, factorial design is more 
advantageous. Factorial design provides 

contrasts of averages, so it provides statistical 
power to affect estimates, while in OFAT 
method; the runs must be replicate to get same 
power [3]. For example, OFAT needs six runs 
versus four for the factorial design for two 
factors. Factorial design has two more 
advantages over OFAT; first, factorial design 
covers larger area, and second it explains 
interactions between factors. Therefore, the 
correct approach to dealing with several factors 
is to conduct a factorial experiment [3].

The regression model representation of two-
factorial experiment is as follows [4]:

      (1)

where y is the response, the ’s are 
parameters whose values need to be determined, 

 represents factor , and  represents factor 
, and  is random error. The values of  and 
 are either -1, or +1, depends on the levels of 

factor  and . The value of  represents the 
interaction between factors. When we calculate 
the predicted value from the regression model, 
there is a difference between predicted values 
and observed values. The difference between the 
observed and fitted values of ’s are residuals.

In general in a two-factor factorial 
experiment, there are  levels of factor  and  
levels of factor .observations are taken at 
random so it is completely randomized design. 

The statistical (effect) model is as follows 
[4]:

      (2)

In this equation  is the overall mean effect, 
is the effect of  th level of factor A,  is the 

effect of th level of factor,  is the effect 

of interaction between  and , and  is 
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random error. Factors are fixed and deviations 
from overall mean,  and 

. Also, interaction effects are fixed. 

There are n replicates of experiment, so there are 
 total observations [4].

The General Factorial Design is simply an 
extended version of two-factor factorial design. 
There may be  levels of factor ,  levels of 
factor ,  levels of ,and so on in factorial 
experiment. There will be  total 
observations if there are  replicates. If all 
factors in the experiment fixed, main effects and 
interactions can be formulated by ANOVA [4]. 

The formula of analysis of variance is as 
follows when there are 3 factors [4]:

                                   (3)

In this formula, it is assumed that  and  
are fixed.

3. Case study 
The applied experiment aims at maximizing 

the market share and the sales volume of a soft 
drink company with five factors obtained from 
questionnaires (Table 1). There were actually in 
total nine factors, but as data was needed for 
different factor level combinations, four factors 
that seemed to be unrelated for the chosen 
responses were removed from the experiment.

The trials of the experiment have been run in 
random order. The data cover the results 
obtained in a period of 6 months. The required 
ANOVA calculations and the graphics needed to 
check the assumptions in the model are prepared 
with the Design-Expert software. The findings 
will be presented in the following paragraphs.

Table 1. Factors obtained from questionnaires
Factors Range 

(Low) 
Range 

(Medium) 
Range 
(High) 

Favorite core 
sparkling product 

x < 17 17 < x < 25 x > 25 

Consumption 
intent 

x < 66 x > 66 

Is a very 
refreshing drink 

x < 31 31 < x < 60 x > 60 

Spontaneous ad 
awareness 

x < 57 x > 57 

Has great taste x < 42 x > 42 

ANOVA results for response market share 
are presented in Figure 1. 

Figure 1. ANOVA results for market share

ANOVA results reveal that the model is 
significant, which simply means that the model 
can explain the variability in the observations. 
Looking to the results, we can see that the 
factors “Favorite core sparkling product” and 
“Has great taste” are above the threshold and 
consequently are the significant terms in the 
model. 
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Table 2. Trials of experiments

STD 
Order

Random 
Order Factor A Factor B Factor C Factor D Factor E Response 1 Response 2

1 25 -1 -1 -1 -1 -1 7.4 2.2

2 37 0 -1 -1 -1 -1 12.8 1.5

… … … … … … … … …

10 56 -1 1 0 -1 -1 5.6 0.8

11 50 0 1 0 -1 -1 7.8 10.6

12 65 1 1 0 -1 -1 8.7 12

13 68 -1 -1 1 -1 -1 10.4 10.8

14 54 0 -1 1 -1 1 10.6 11.5

… … … … … … … … …

70 3 -1 1 1 1 1 13.1 4

71 23 0 1 1 1 1 12.4 2

72 18 1 1 1 1 1 45.1 19.8

Figure 2. Histogram of the residuals

As the ANOVA model assumes that the 
errors present in the model are normally and 
independently distributed with mean zero and 
constant but unknown variance, we have to 

investigate model adequacy and violation of the 
assumptions by the examination of residuals [4].

A check of the normality assumption is made 
by plotting a histogram of the residuals (Figure 
2). If the model is correct and if the assumptions 
are satisfied, the residuals should be 
structureless, as in Figure 3. They should be 
unrelated to any other variable including the 
predicted response. 

Plotting the residuals in time order of data 
collection is helpful in detecting correlation 
among the residuals (Figure 4). If correlation is 
detected, this would imply that the independence 
assumption has been violated.

As an additional step, we checked whether or 
not transformations are needed for the data. 
Transformations are useful when residual plots 
for an experiment indicate that there is a pattern. 
If such a finding is present, the equality of 
variance does not hold for the residuals of the 
given model. In such a case, the Box-Cox 
method can be used to identify a suitable power 
transformation for the data.
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Figure 3. Structureless residuals

Figure 4. Correlation among residuals

The plot in Figure 5 suggests that no 
transformation is needed for the data at hand.

Figure 5. Box-Cox plot for power transforms

Furthermore, ANOVA results for response 
sales volume are given in Figure 6. We can see 
from the results that the model is not significant. 

Figure 6. ANOVA results for sales volume

This finding means that the chosen factors 
cannot explain the variance presented in the 
observations. If the decision makers are 
interested in finding the best factor levels for a 
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higher sales volume, they have to repeat the 
experiment with a new factor set. 

4. Conclusion 
Marketing is, and always be a creative 

endeavor, but it doesn’t have to be so 
mysterious. As marketing noise and advertising 
clutter continue to increase, marketers will find 
that scientific experimentation will allow them 
to better communicate with their customers, and 
substantially raise the odds that their marketing 
efforts will pay off.

In this research, we have identified factors 
affecting the process of strategic decision 
making in marketing. We have used 
experimental design for measuring the effects of 
these factors. The application is realized using 
the data of 6 months of a globally known soft 
drink company. The results reveal that for the 
company, the market share is affected mainly 
from 2 factors: A and E, whereas the sales 
volume is not affected from the chosen factor 
set. 
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Anatomy3: A Multisided Visualization System 
for Real-time Group Analysis 

James Ferris, William Edwards, Paulus Wahjudi
Marshall University

Ferris11@marshall.edu, edwards111@marshall.edu, wahjudi@marshall.edu 

Abstract
     Anatomy3 (Anatomy Cubed), is a cube like 
device used to display a 3D simulation of 
various anatomical structures. The system 
consists of five screens oriented in a cube shape 
with the exception of a bottom screen. Each 
screen controlled and powered by a different 
machine with a client-server framework to 
facilitate transfer of information from the host to 
synchronize each display.

1. Introduction
     The application of Three-dimensional (3D) 
imaging is increasingly becoming a part of most 
entertainment mediums. Movies, video games, 
and even television sets have the capability of 
being experienced in 3D instead of the 
traditional two-dimensional fashion. While 3D 
technology is being applied to these already 
familiar mediums it is only natural that newer 
innovations will take place to further improve 
the three-dimensional experience. 
     Some of the most typical implementations of 
3D imaging usually involve a viewer watching 
or interacting with a single screen from a single 
view. If multiple screens were utilized in way 
that the users could see multiple views of a 
single 3D environment simultaneously, it would 
enhance the overall viewing experience. A 
display, called a pCubee, is being developed at 
the University of British Columbia in an attempt 
to accomplish this feat. By having five screens 
oriented in a cube shape, the user is able to view 
a simulated 3D environment from multiple 
views. Though this idea is very innovative, the 
implementations associated with the pCubee 
seem to be focused on gaming.
     Our Project is essentially an extension of a 
Cubee system with five LED screens oriented in 

a cube shape. Through the use of a server/client 
network structure, the screens are able to 
communicate in order for each screen to display 
the proper image angle. Although our Cubee 
system is not equipped with perspective-
correcting headgear, it is still capable of 
displaying a simulated 3D space.      
     The program we have developed to run with 
our Cubee, called Anatomy3 (Anatomy Cubed), 
allows the system to display 3D anatomical 
models. We specifically chose to develop a 
program of this manner to demonstrate the 
usefulness of a Cubee system outside of just 
gaming. For instance, a program such as 
Anatomy3 could be an invaluable educational 
tool, providing a method for students to view the 
anatomical structures they have learned about in 
a 3D space from multiple views. Other 
applications of a Cubee system could include 
museum displays, 3D blueprint modeling, and 
medical scan visualization. If the Cubee is to 
ever be utilized as a tool for any of these 
applications, it is important that its development 
be extensive and thorough.

Figure 1. Five screened Cubee System with 
each screen powered by its own PC.
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2. ANATOMY3 System
2.1  Hardware Design 
     Figure 1 is a picture of the Anatomy3 system 
we had available.  It is five LCD screens 
oriented in such a manner that they create a 
cube.  There is no screen for the bottom of the 
cube; instead it is left open so that the cables 
from each monitor are able to be connected.  It is 
also impractical to have a screen on the bottom 
because the system is too heavy to be 
manipulated during use, so the bottom will never 
be viewed.  These are standard seventeen inch 
LCDs that are held together in this orientation 
by a wooden frame.  
     Each screen is powered by its own individual 
Personal Computer.  The computer’s are all 
powered by Pentium 4 2.80GHz processors and 
have 512MB of RAM.  Each computer also uses 
Windows XP as its operating system.
     The five PCs are connected on a network 
with a five port Netgear Ethernet switch, model 
number GS605.  The full set-up also uses two 
surge protectors to connect all the equipment to 
power.  The four PCs, plus four LCD, plus the 
Ethernet switch comes to a grand total of nine 
power sockets required (this would be ten if our 
fifth screen functioned).  Figure 2 (Below) is a 
simple diagram showing what the system looks 
like when everything is connected.

2.2 Programming languages/Software
     The programs that run Anatomy3 are written 
in C++ using Visual Studio 2008 as our 
integrated development environment (IDE).  
They utilize Winsock for networking and 
OpenGL for graphical display.  OpenGL 
Mathematics (GLM) is also used to help handle 
portions of the model loading.

Figure 2. Cubee Hardware Setup

2.3 Networking
     Without a doubt the most essential software 
on the Anatomy3 system is the networking.  
Without a working network the machines cannot 
communicate and if the machines cannot 
communicate then there is no way for the 
images displayed on each screen to show the 
proper orientation once any manipulations have 
occurred.  Anatomy3 has a fairly simple network 
topology that is most like a Star network.  It 
consists of a single server machine that can 
accept connections from any number of clients; 
however we limit it to the number of screens that 
are in use.  
     We used the Winsock API for network 
communication.  Winsock is a specification that 
defines how software should access network 
services.  It provides a standard interface 
between an application and the TCP/IP protocol 
stack.  We initialized Winsock with the 
WSAStartup function.  Once Winsock is 
initialized on the server, a socket is created for 
listening and then it must be supplied with a port 
number to listen on.  With the clients it needs to 
be supplied a server name as well as the port 
number.  Winsock automatically retrieves the 
server’s IP address from the server name that it 
is given.  
     The program then enters a loop where it 
initializes a separate thread for each client.  In 
the client’s cases there is only one additional 
thread that is generated.  These threads are 
where the actual data is processed and moved 
across the network. Separate threads are required 
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so that the network can continue sending 
messages to the clients once the OpenGL main 
loop begins, since there is essentially no way to 
break out of this loop without exiting the 
program.
     Within each client thread on the server there 
is a loop that sends a character array across the 
network to each client.  This continues 
indefinitely until the program is terminated.  
Inside the server loop the first thing that happens 
is the character array buffer’s memory is zeroed 
out so that it can be reused.  The next step is that 
all of the relevant data is changed from its 
integer form into char arrays.  Then all of the 
char arrays are concatenated into a single string 
and loaded into the char array buffer to be sent 
across the network to all of the clients.  The last 
step is the networking thread sleeps for a short 
period to prevent buffer overflow problems and 
the loop starts back over.
     The same is true for the additional thread that 
is present on each client except that they are 
receiving and not sending data.  Also because 
they are receiving the data the clients parse the 
concatenated string back into its individual parts 
rather than performing the concatenation like the 
server does.  Once all of the data elements are 
separated they are then converted back into their 
integer form so that they can be used within the 
graphical portion of the program.

2.4 Graphical Display 
     All of the Anatomy3 graphics are generated 
using OpenGL.  The initial scene that all models 
are displayed in is simply an empty black space.  
The camera viewing mode that is used is 
gluPerspective which sets up a perspective 
projection matrix.  Models are loaded at the 
origin of this scene initially.  There is a single 
light within the scene so that shading will be 
applied to the models.  The light is located at x = 
0, y = 4, z = 0, so it would be in the air above the 
top screen if it physically existed.
     The only currently supported models for this 
program must have the .obj extension and the 
only supported textures must have the .tga 
extension. An .obj file contains the geometric 
data, such as vertex coordinates and normals, for 
the model is represents. The associated .tga 

texture file can be created by converting another 
texture image file, like a JPEG, into a .tga if 
there is not a usable in existence. In order for the 
models to be correctly textured there must also 
be an .mtl/.mat mapping file for the associated 
model and textures. Copies of each model and 
its associated texture and material files are 
stored locally on each machine. 
     To display a model in the 3D environment we 
utilize a function in our code called 
drawmodel(void). In the server code there are 
two separate drawmodel functions.  One is used 
for the drawing of models that are predefined 
within the code and the other is used for the 
drawing of models that are loaded by the user.  
This differs from the client code in that the client 
has a separate drawmodel function for each 
predefined model as well as the function for 
loaded models. Within the drawmodel function 
we utilize several GLM functions to assist with 
the loading of models into the originally blank 
scene. 

Figure 3. Screen shots of a skull model being 
displayed on each of the screens from its 

proper view.

GLM, which stands for OpenGL Mathematics, 
is a C++ math library that is usable with 
OpenGL programming. One of the most 
important GLM functions, 
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glmReadOBJ(“modelname.obj”), is what 
actually reads the .obj file and creates the model 
object by providing the specified file as a 
parameter.  Two other GLM functions that are 
also of high importance are glmFacetNormals 
and glmVertexNormals because they calculate 
the triangle and vertex normals based on the 
geometry data of the model.  Finally the model 
is rendered by calling the glmDraw function.
     Within the OpenGL display loop the 
instructional texts are drawn onto the server 
screen by calling the printw() function from our 
code. Since it is not possible to render text to the 
3D environment using the C++ printf function, 
the printw function makes use of the OpenGL 
function glutBitmapCharacter, which can render 
bitmap characters in the 3D space. The printw 
function requires three numerical values for the 
raster position of the text, the font style to use, 
and a string which represents what the 
programmer would like the text to display. 
     The actual translation, rotation, and zooming 
is handled using the data generated by the 
server.  For the server machine all of this data is 
determined via user input.  With the client 
machines the data is retrieved from the network 
and then differences between the new data and 
what is currently displayed are corrected.

2.5 User Interaction
     Anatomy3system implemented manipulation 
features through the use of a keyboard and 
mouse. To avoid having to use a separate 
keyboard and mouse for each screen we used a 
program called Synergy to use only one mouse 
and one keyboard for each screen. Through a 
network connection, Synergy allows the mouse 
and keyboard to be fully functional for every 
screen on the Anatomy3 by allowing the mouse 
pointer to simply switch between screens after 
passing its edge.
     i. Initial User Prompt
      When the Anatomy3 program is first started a 
prompt is displayed on each screen. On both the 
server and client screens the user is asked to 
enter the port number for the network 
connection. This feature was added to make the 
program more deployable and less specific to 
just our system. After entering the port number 

on the server machine the user is then asked if a 
model which is not included with the program 
should be loaded as well. If the user selects to 
load their own model, the file path to the file has 
to be entered as well as a name for the model to 
be added on the menu. Before loading a model 
the user should ensure that the associated .tga 
texture and .mat files are in the same location as 
the .obj file to be loaded. 
     On the client side, after entering the same 
port number as entered on the server machine 
the user is then asked to enter the name of the 
server’s PC. If the user chose to load a model on 
the server screen then they must also enter the 
same path name and menu name for the model. 
Also, a copy of the model the user wishes to 
load must be placed on each machine. Once this 
information is completely entered the program 
will begin.      
     ii. Keyboard Interaction Features
     All of the model manipulation interactions 
take place through the use of the keyboard. By 
using the keyboard it is much easier to send 
changing manipulation values across the 
network after a key press. The ‘a’ and ‘s’ keys 
control the horizontal rotations while the ‘w’ and 
‘x’ keys control the vertical rotations. We also 
use the 'i' and 'o' keys for zooming in and out 
and six keys, ‘t’ ‘y’ ‘u’ ‘g’ ‘h’ ‘b’, for the 
translation feature. Once any of these keys are 
pressed the value for whichever manipulation 
the key represents will update according to 
whether it was an increase or decrease. These 
update values are then sent across the network to 
the other screens and applied to the model, 
causing the proper shift in the models 
positioning. The user can either press and 
release a key for a small change in positioning or 
they can press and hold a key for continuous 
movement of the model. One limitation with 
using the keyboard is that the user cannot press 
more than one key at the same time. Although it 
will not hinder the programs functionality or the 
user’s experience, it is a feature that would be a 
great addition to a future version.
     The instructions for these keys are displayed 
with the on-screen text feature. If the user 
wishes to change the visibility of these 
instructions they need to only press the 'q' key to 
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toggle it on and off. There is also a 
demonstration key which can be used to view 
model movement without having to press or 
hold any keys. In the demo mode, the model 
makes one revolution horizontally and then one 
revolution vertically and then repeats. To exit 
the program entirely, the escape key can be 
pressed and the program will shut down on all of 
the screens simultaneously.  
     iii. Mouse Interaction Features 
     Though the mouse functions may not be as 
involved as the keyboard, they still add to the 
overall experience. The main mouse feature is 
the ability to change models without having to 
stop and restart the program. By right-clinking 
anywhere within the 3D environment a popup 
menu will appear on screen. The menu will list 
the currently available models and by clicking 
on a menu item the program will load the 
associated model. If the user chose to load a 
model at the initial program launch it will also 
appear on the menu under the name given by the 
user. This change occurs by updating the file 
name parameter in the glmReadOBJ function. 
The newly loaded will appear on the screen at 
the same position the previous model was 
displayed before it was replaced. A second 
feature of the mouse is the ability to switch 
between full screen and regular window mode. 
To toggle between the two, the user only needs 
to left-click within the program window.

2.6 Possible Future Features
     There are several features that would greatly 
improve the interactivity as well as believability 
of the Anatomy3 system.  The feature that would 
provide the greatest benefit would definitely be a 
head tracking system.  While this would 
essentially limit Anatomy3use to one person at a 
time it would provide the greatest increase in 
believability.  With our current set up each 
camera is angled are 90o away from the closest 
adjacent camera at all times.  This can cause a 
loss of believability since the cameras are not 
angled from where your eyes are necessarily 
located as you move around.  The head tracker 
would allow the camera’s locations to be 
corrected to wherever the user happens to be as 
they move around the cube.  This perspective 

correction would significantly improve the 
experience for the user.
     The remaining features are far less important 
than perspective correction and head tracking.  
One of these is the addition of interactive 
screens with touch capability.  These would 
allow a user to more completely feel as if the 
objects being presented by Anatomy3 actually 
existed in real space.  
     Another feature could be a motion detection 
system.  This would not be very useful with our 
current setup because it is too large to be 
physically manipulated while it is running.  The 
pCubee, which is small enough to be held in 
your hand, uses accelerometers to determine the 
position of the cube while it is physically 
manipulated.  While this feature is nice it is 
pretty pointless to implement it on our system 
unless the hardware is significantly reduced in 
size and weight beforehand.

3. Conclusions
     The future for geometric displays is one of 
great potential. An object like a Cubee could 
garner much attention as a new entertainment 
medium if it ever were to become commercially 
available. Our vision for the Cubee is to not 
limit it to just being gaming system for example, 
but for it to become something of value outside 
of just pure entertainment. Anatomy3 was 
developed as a way to show the usefulness of 
our system in an educational manner. Anatomy3 
could provide a way for educators to have their 
students physically involved in the learning 
process. For example, multiple students in an 
anatomy class would be able to view and 
manipulate various body parts while also 
learning their functions through the use of 
Anatomy3. Displaying 3D blueprints could 
enable an architect to physically visualize 
building schematics that would normally only be 
viewable on a flat paper surface. These types of 
implementations would greatly increase the 
overall usefulness and possibly other geometric 
display systems.    Through various 
demonstrations of our own system, we have 
received positive feedback from users as well as 
suggestions to improve the overall quality of our 
program. The fact that users have shown a 
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fascination with the physical presence of the 
system alone is an indicator of how powerful 
this tool could be with the proper software 
development.    
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Abstract

Mobile Operating Systems such as Android 
provide a large level of customibilty through 
popular add-ons called Apps.  Various apps call 
for different system resources to function. In this 
paper we investigate the various threats posed by 
authorizing specific system resource access and 
developed a classification matrix to identify 
possible threats and their severity. This Matrix is 
simple, straightforward, and designed to 
communicate threat information to the end user. 
The matrix will also provide an in depth analysis 
that takes into account not only individual 
threats but also threat combinations. The 
resulting classification matrix will provide a 
quick reference for regular users and also act as 
a basis for future security enhancement to the 
Android OS.

1. Introduction

Smartphones have become an integral part 
of daily lives in the modern world quickly 
becoming one of the most used modern devices, 
and changing the way people think about 
technology. A report released by Parks 
Associates titled “Smartphone: King of 
Convergence”, the current number of 
smartphone users in 2010 was estimated to be at 
500 Million. This number is expected to 
quadruple by 2015 to 1 Billion Smartphone 
users (1). The many innovations to mobile 
technology suggest a major shift in the way that 
we use technology in our daily lives. This could 

be considered a paradigm shift similar to what 
was experienced in the 1980s. This was a time 
when computing moved from machine rooms 
into smaller desktops that ultimately coined the 
term “Personal Computer”. The only difference 
between these two paradigms shifts are the sheer 
numbers. There are many more mobile devices 
than congenital computers today. Combine this 
with the device form factor and readily available 
networks that allow users to take the device 
nearly anywhere, and you have a recipe for 
acceptance among consumers.
     Mobile continues to be a platform that is 
under constant adaptation and maturation. This 
fundamental shift is also changing the way 
software is developed and used. Furthermore, 
the way software is deployed to customers is 
changing dramatically as well. Normally one 
uses software that is downloaded from a CD or 
the Internet. Mobile has introduced a way to get 
new software almost anywhere at any time from 
anyone. Combine this fact with devices that are 
context aware, and you have created a platform 
that is far more powerful and extensive than the 
typical desktop or laptop PC, offering services 
that were simply not possible before. The 
downside to this approach of “Anytime 
anywhere” is the security. Smartphone Security 
is far more immature than normal computing. In 
this paper we analyze the implications of this 
immature security, namely with regards to 
Applications downloaded from the Google Play 
Store.
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2.   The Android O/S

     Android is an open-source smartphone 
Operating System controlled by Google, INC. 
(2) The O/S is backed by other large companies 
such as Intel and HTC. It has been claimed that 
Android is the future of smartphone operating 
systems. This is partially due to the difference of 
Android from its major competitors. iOS 
developed by Apple and BlackberryOS 
developed by Research In Motion are both 
proprietary to the owner. Android, through its 
open source approach, has given phone 
developers the chance to completely customize 
the operating system to work with their 
hardware. This adds unprecedented 
customibility not yet seen in the Smartphone 
market. This fact alone can be attributed to the 
massive influx of Android devices in the market 
as compared to very few iPhone and Blackberry 
devices by comparison. 
     Android, like its competitors, allows the 
creation of various apps via the Android SDK. 
These apps range from simple clocks to complex 
GPS tracking apps and complex 3D Games. The 
emergence of this ability to create new apps has 
made a very competitive, and creative, open 
market for at home programmers and 
professionals. However, this fact leads to a high 
risk situation as well. The Google Play Store 
(Android’s App Market) is not highly regulated, 
unlike the iPhone App Market, which we will 
get into later. The risk comes from apps that are 
developed at home, with lack of extensive 
testing you normally find in a professional 
setting. These “Homegrown” apps have possible 
security holes, improper resource management, 
and sometimes are purposely acting malicious. 
Combine this with the large numbers of apps 
developed this way, and the potential for a 
security breach is astounding. When a user 
downloads a game from the Google Play Store, 
there are no safe guards to prove whether the 

game is not, in the background, stealing valuable 
information.

3.  Google Play Store

     The Google Play Store is Android’s 
facilitation to connect users to applications. In its 
simplest form, it is a way to browse through 
various application categories. It also provides a 
way to manage a phone’s installed applications 
in regards to updates, uninstalls, etc. The main 
problem with the Google Play Store’s 
implementation is the governance which we 
briefly mentioned in the previous section. 
Developers are able to upload at will without 
ever having their app screened or tested. They 
simply have to follow various guidelines on 
what can and cannot be uploaded. This provides 
some level of security, but not nearly enough. 
The Play Store relies on a listing of 
“Permissions” that the application request, 
which it displays to users (3)

4.  Permissions

As mentioned above, the permissions are the 
heart of security in an Android device. 
Permissions determine what an app can and 
can’t do. There are 124 unique permissions than 
an app can request. 

Some examples include:

 CALL_PHONE
 CHANGE_WIFI_STATE
 BRICK

     Below is an example of the listed permissions 
from the popular game “Angry Birds”:
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Figure 1, Angry Birds Permissions

     Based on the wording, you can piece together 
what each of these permissions is able to do. 
These permissions are declared inside the code 
of an app, namely inside a required file called 
AndroidManifest.XML. This file makes easier 
the act of finding out what an application intends 
to do. Some applications do not require 
permissions. These applications declare what is 
known as Intent. This “Intent” is listed inside the 
file system of the application, and therefore is 
not displayed when a user goes to download the 
app. Given these requirements however, it does 
not give an all-inclusive look into how an 
application is going to work, especially for the 
end user. When a user downloads an application, 
they see a listing of these permissions, however 
most end users do not know what these 
permissions mean. Some of them are obvious 
such as CHANGE_WIFI_STATE, Some are 
very complex such as 
READ_SENSITIVE_LOG_DATA (Android 
Developers).

5.  Threat Matrix: Design & Use

Here we propose a fix to this system. It 
uses a rating system that looks at each app’s 
permissions individually and gives it a score. We 

call this system the Android Threat 
Classification Matrix.

Figure 2, Classification Matrix

      This is an image of the Matrix itself. This 
matrix is used to determine if an application is 
safe or not. It does this by looking at all 
permissions to find its location on the matrix by 
category, and to record the probability of that 
combination to be malicious. This will be 
explained in further detail later.
     This matrix was designed with the idea of 
creating a user friendly way to display how safe 
an application was. We wanted something that 
would be easy to understand for a non-technical 
end user while still being very robust and 
informative for a technical user. We approached 
the idea with the thought of finding the most 
common permissions and the most common 
categories that would show up. We decided on 
the listed categories and permissions by looking 
at 100 random applications currently inside the 
app market. Below are the categories and 
permissions listed in the matrix:

Permissions:
 Master Clear
 Access Account Info
 Record Call Audio
 Install/Uninstall Applications
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 Retrieve Running Apps
 Shutdown/Reboot
 Read OS/Phone Serial
 Read Log Data
 Display System Alerts
 Read Fine Location
 Read Memory (RAM) Usage
 Read Processing Usage
 Modify Video Settings
 Modify Audio Settings
 Access Camera
 Modify SD Card
 Prevent Sleep
 Change Wi-Fi State
 Read Coarse Loc
 Web/Data Access
 Change Bluetooth Settings
 Edit Call History
 Read Call History
 Read/Write Contacts
 Read/Write SMS
 Initiate Phone Calls

Categories:
 Phone Management Applications
 Informative Applications
 Media Applications
 Communication Applications

      As you can see, the matrix is divided up into 
various colors; Red, Orange, Yellow, and Green. 
These sections are linked to a numerical value; 
4, 3, 2, & 1, respectfully. When determining the 
risk of an application, these numbers are used to 
give it a score. This score is then compared to 
the average score for an app in that category. 
Depending on where this score lands, it gives the 
application a rating of Low (Green), Marginal 
(Yellow), Concern (Orange), or Dangerous 
(Red).
     To get a specific permissions score, you find 
the category of the app it resides in and go up 

the matrix chart. Depending on what color it 
lands on, it gets the score.
     Below is a step by step example of how to 
rate an application. We are using the “Angry 
Bird” Application again:

1. Determine Category:
a. Media

2. “Grade” Each permission:
a. Coarse Loc – 2
b. Full Net Access – 2
c. Read Phone State – 3
d. Modify SD Card – 1
e. View Network State – 1
f. View Wi-Fi State – 1

3. Sum up the “Grades”:
a. Total: 11

4. Compare to the Average:
a. Media Average: 11
b. Angry Birds: 10

5. Assign Threat Level:
a. Low (Green)

6.  Threat Matrix: Implementation

     The next challenge with our matrix was to 
determine how to implement the application into 
the current app market. The idea for this solution 
is not to replace the current method of listing all 
of the requested permissions, but to be an add-on 
of sort to this method. In other words, listing the 
requested permissions will still be visible and 
highly useful, while a designation based on this 
matrix would act as an extension to allow users a 
quick glance at what an application is rated at.
     Below is an example of how we could 
implement the designation of “Low” or “Safe” 
to the Google Play Store as it currently sits:
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Figure 3, Designation Implementation

     This method provides a “Sticker” if you will 
that is visually catching. It gives a color coded 
dot that equates to the score provided in the 
previous example. It also spells out what this 
designation means, along with a disclaimer. This 
disclaimer makes sure to mention that this is not 
“a tell all score,” and that no system can replace 
a user’s personal judgment.
     Now, this system would obviously require 
adoption by Google themselves, and would call 
for much more development and fine tuning. 
Another option would be an application that runs 
next to the Google Play Store that intercepts 
downloads from the Store, scores them, and then 
ask for a second confirmation of download.

7.  Threat Matrix: Known Issues 

     There are some known issues with this 
method as well. Some of minor that will be fixed 
with future versions of the matrix, and others are 
issues with the overall structure of how the 
system works.
      The first is the lack of permissions. As 
mentioned earlier, there are about 124 unique 
permissions inside the Android OS. The matrix 
currently uses only 26 of these, as they are the 
more occurring permissions. So while this is not 
an issue per say, it is a factory to consider. 
Having all 124 permissions could give more 
accurate ratings.

Earlier we mentioned applications that have no 
permissions, which declare intent. These 
applications cannot be graded using our matrix, 
since it uses permissions exclusively. Most 
applications that have no permissions pose little 
threat to the system but that is not to say they are 
not capable of such. Currently our system is not 
designed to catch these potentially malicious 
applications.
     The largest issue that we currently face is the 
potential for safe applications to show up as 
dangerous simply because of how far reaching 
they are. The best example would be the 
application “Lookout Mobile Security” which is 
the most popular Anti-Malware app on the 
market (4). This application needs a lot of 
permissions so that it can check the entire phone. 
With our matrix, it gives this application a rating 
of dangerous when in fact it does not. 
Technically the matrix is working correctly by 
telling you the potential for an app to be 
malicious. Lookout has the potential, based on 
its permissions, to be malicious.
     This system is still very young and has a lot 
of growing to do. The 1-4 / Green – Red system 
is young and will need more refining and work 
to be a robust system. However, this foundation 
work will lead to a much better system.

8.  Future Research

      There are many opportunities for future 
research into this system in areas such as its 
reach, rating system, and implementation.
     Plans include making the system further 
reaching by including more permissions, more 
specific categories, and more selectiveness to 
avoid false negatives.
     The rating system will be redefined to give a 
more accurate approximation of malicious 
potential. This could include improvements on 
data from other applications and more than a 
four colors/numerical system.
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     Finding a way to implement this system will 
also be a focus. We believe the best way will be 
to somehow get this feature implemented into 
the Google Play Story.

9.  References

[1] Park’s Associates. (2011, May 17). 
Smartphone Users to Quadruple Over Next Five 
Years. Retrieved 3 1, 2012, from Parks 
Associates: 
http://www.parksassociates.com/blog/article/par
ks-pr2011-smartphones

[2] Elgin, Ben. (2005, August 17). Google Buys 
Android for Its Mobile Arsenal. Retrieved July 
25, 2012, from Bloomberg Business Week: 
http://www.webcitation.org/5wk7sIvVb

[3] Android Developers. (n.d.). The 
AndroidManifest.XML File. Retrieved March 16, 
2011, from Android Developers: 
http://developer.android.com/guide/topics/manif
est/manifest-intro.html

[4] Takahashi, D. (2010, June 30). Lookout hits 
a million users for its smartphone security app. 
Retrieved 12 6, 2010, from VentureBeat: 
http://venturebeat.com/2010/06/30/lookout-
hits-a-million-users-for-its-smartphone-
security-app/



Proceedings of the 2012 IEMS Conference

20

Analysis, Recognition, Monitoring, and Reporting Tool (ARMR)

Tim Warner, Collin Meadows and Paulus Wahjudi
Marshall University

warner63@live.marshall.edu, meadows182@live.marshall.edu, wahjudi@marshall.edu 

Abstract

The purpose of this project is to prevent misuse 
of an Android phone through unauthorized 
actions. First, we will keep track of all the apps’ 
activity in Android phones through an app that 
will log this information and transmit it for 
review by a supervisor. Second, the app will 
enforce a set of rules/guidelines on an Android 
phone that will prevent for unauthorized actions 
to be performed. The app will be secured, 
meaning there will not be a way to tamper or 
manipulate it while running, and, at the same 
time, be able to determine if it has been 
tampered with.

1. Introduction

As more and more people make the 
transition to smartphones, there are multiple 
problems that arise and are yet to be addressed. 
Many businesses supply phones to their 
employees as “business phones.” These 
businesses do not give up ownership of these 
devices, but rather, in a sense, loan these devices 
to their employees. Businesses will do this in an 
attempt to raise productivity. In today’s modern 
industry culture, companies want their 
employees to be accessible anytime, anywhere, 
and to be able to work on the go. 

The smartphone is the perfect way for 
companies to provide their employees with easy, 
mobile access to company email, information, 
records, applications, and the like. With this sort 
of capability at their fingertips, employees can 

work outside the office at an off-site location, 
when they are with a customer, or in an 
emergency situation. 

1.1 The problem

However, even with all the advantages 
that a smartphone provides, the phone being 
“smart” can pose a problem. Since smartphones 
give the phone capabilities to access the web and 
download content such as videos, apps, etc., this 
“business phone” can be used for quite a lot 
more than the intended business aspect. Users 
can also potentially do damaging things with 
their phones (racking up additional charges, 
installing malicious apps, etc.). The problem 
with this is there is no way to monitor a person’s 
activity on their  phone. Our project is a way for 
employers to ensure that these phones are used 
for their intended purpose: supporting business 
activity, rather than other unrelated work. 

Not only are company issued phones 
being misused, but with the growing use of 
tablets in the workplace, other mobile devices 
have found their place in distracting the 
employee. Tablets can be the answer to a host of 
problems that a business can face, and they are 
beginning to replace the laptop for workers on 
the go. They are sleeker, lighter, more attractive, 
and often times better suited for many jobs in the 
field than a laptop would be. As mobile devices 
become more and more popular, distractions for 
workers can only increase.
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According to a survey conducted by 
Salary.com Inc., the average worker admits to 
wasting away several hours per work-week. A 
large amount of wasted time is attributed to 
surfing the web. Most jobs require computer 
access and most of those computers have 
internet access. When using the internet to waste 
time, employees say they do so by using social 
networking sites such as Facebook, checking 
personal email, shopping online on sites like 
Amazon, and visiting news sites like CNN. 

Many companies once looked to 
blocking out all these sites so employees could 
not access them at work, but the survey says that 
when employees can’t access what they want on 
their desktop, they immediately turn to their 
smartphone or other personal device. Using their 
personal devices which usually have little to no 
security and monitoring capability for the 
employer, workers are free to do whatever they 
want while at work. Not only are they wasting 
time and money, but they can also put a 
company network at great risk with unsecure 
browsing and downloading of malware/spyware 
and the like.

1.2. Our proposed solution

How could companies address this 
problem so as to minimize time wasting, 
increase productivity, and make sure their 
employees are not using their phones for 
purposes not supported by the company during 
work hours? We propose a mobile application 
could solve these problems. A monitoring tool 
that could be installed on company phones or 
tablets before being  issued to employees could 
track the use of  and log administrator defined 
“misuse” of the device. The logs could then be 
sent to an administrative email account or in the 
future be uploaded to a server where an admin 
could use other software to keep track of the 
logs.

With this app, businesses could keep 
track of how their phones and other devices 
were being used during company hours. If the 
company had an idea of what the device was 
being used for, appropriate action could be 
taken. It could be used solely for research for 
companies to test how mobile devices could 
improve/harm productivity in the workplace, or 
for long term use that could aid in either 
reprimanding employees for being distracted and 
not working efficiently, or rewarding employees 
that work hard and efficiently with the help of 
their company issued device.

1.3. Goals

The main idea of this project was to 
investigate whether or not it is possible to 
prevent “misuse/time wasting activity” and then 
to address the problem thoroughly. First we had 
to research whether it was possible to keep track 
of all the applications’ activity in android 
phones. Once a plausible method is identified 
we can implement an app that will log this 
information and transmit it for review of a 
supervisor (or someone in the company) through 
an admin email account (in the future this can be 
developed further into a more intuitive system). 

Second, we were to research whether or 
not it was possible to determine a set of 
rules/guidelines on the smartphone that will 
prevent for “unauthorized” actions to be 
performed within the Android framework. Our 
research would focus on creating a system of 
categorizing use of the phone into three 
categories: proper, improper, and irrelevant. We 
could do this using predetermined applications 
viewed as “ok” or a limit on call duration. Once 
an app failed the test, it was logged.

 Third, we were to look at if it was 
possible to make an app that is totally secure on 
the device, meaning that there should not be a 
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way to tamper or manipulate it, or if there is a 
way to determine if it has been tampered with. 

1.4. Why android?

The open source nature of Android 
makes it the perfect platform to perform mobile 
applications development unlike BlackBerry OS 
or Apple’s iOS that are heavily proprietary. Of 
course, the things learned through this research 
project can always be applied to another 
smartphone framework, giving this project 
potential to grow beyond the current audience 
set. Android currently holds the largest market 
share for mobile devices due to the many 
different companies that make devices to run the 
Android OS. With this ease of access and 
development and increase in market share, 
Android is the most logical, sensible choice for 
this project. 

2. Research

At the start of our research, we knew 
that this tool had to be able to run in the 
background where the user of the mobile device 
could not tamper with it. The application would 
have to be able to start without the user telling it 
to and without the user knowing it had started. 
This was accomplished by using a service. An 
android service allowed us to start the ARMR 
tool on power-on of the mobile device. The 
service continually ran in the background 
without needing interaction with the user. The 
service continues to run even while the ARMR 
application is opened on the device. 

2.1 Application monitoring 

Looking at the API and researching how 
other applications worked, we were able to learn 
that accessing the name and ID of individual 
applications was, in fact, possible. This would 
be necessary for logging information (to identify 
what app had opened). Using the 

android.content.pm.PackageManager class and 
the android.app.ActivityManager class, we were 
able to obtain the correct specific information 
for the applications active on the device. A 
simple print out of this information would show 
the information we needed such as the name and 
date/time that each app was opened.

2.2 Call monitoring

We had decided that our application 
should monitor calls that lasted over a certain 
amount of time (to show that the call had 
actually taken place and was not a failed call). 
We thought that calls would be another 
distraction that an employer would want to 
monitor if they were taking up significant time 
during the work day. Obtaining information for 
calls was readily accessible in the Android API, 
and after looking into how other applications 
would get this information, we were able to 
implement into our own. Using the 
android.provider.CallLog.Calls class, we were 
able to view information such as date/time and 
duration. Sorting through the information 
provided by the methods of the class, a simple 
print to screen of the correct calls proved to 
show the information needed like the date/time 
the call took place and the duration of the call. 
Logging this information based on duration 
length was implemented using simple if-else 
statements (i.e. if > certain duration then log).

2.3 Web history log

Yet another distraction that is present in 
the workplace, not only in mobile devices but 
also on desktop machines, is web browsing. We 
decided to put a feature into the app that would 
also log the web browsing history of the devices 
mobile web browser. After looking at the API, 
accessing web history was found to be relatively 
easily implemented. Using the 
android.provider.Browsing class, we were able 
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to sort through the information provided by 
Browser.HISTORY_PROJECTION_TITLE_IN
DEX and the methods of the class to pull out the 
URL and the title of the web page. 

2.4 Writing logs to txt file

After discussing how to go about the 
logging of all the information we had gathered, 
we decided for application that we would save 
all the information to a custom txt file on the 
device’s memory. Using file write methods we 
were able to push our information into our 
custom log files and save them to the device. 
This was a forethought to what we believed the 
future of ARMR could be, sending these log 
files out and then be collected into a server and 
sorted easily by another application, but was not 
in the final ARMR implementation.

2.5 Sending log files through email

For our application, in a somewhat 
realistic implementation of the application, we 
would send our log files through email to an 
admin ARMR account we created for testing 
purposes. The email had to be able to send the 
messages in the background from the service so 
that the user of the device didn’t have to give 
permission or review the message being sent. 
Using simple write functions and a background 
emailing implementation so that the user could 
not edit the content, the emails sent correctly to 
the email account with all appropriate 
information.

3. Future work

The research is not finished for the 
ARMR application. This tool, as shown in our 
thorough research, is only a stepping stone for 
what is to come. ARMR shows only a small part 
of what is capable of such a tool. We believe 
that this project could grow in many different 
ways and are willing to continue the research to 

further develop the application into a more 
useful and practical tool that will increase 
productivity and aid in monitoring of mobile 
devices for businesses to use on those devices 
issued to their employees. 

3.1 Server and admin software development

Further work discussed while the 
research was in progress was setting up a server 
system to handle the administrative end of the 
application. Rather than sending out the logs to 
an administrative email account which would 
have to be reviewed individually by an 
administrator, a server could be used along with 
an administrative application to send out the 
appropriate/inappropriate lists to all the devices 
the company owns. Devices would also send 
back the log files to the server and the 
administrative application would sort them 
accordingly for easy viewing and manipulation 
for the administrative user.

This future work would require not only 
the physical structure and hardware needed such 
as the servers, but also the administrative 
application to be developed to interact and 
oversee the servers and devices.  These pieces 
were outside the scope of this research, but 
would be necessary for a practical use of the 
application for businesses. Going in this 
direction would also call for significant funding 
for the purchase and setup of the physical 
system as well as for the development of a 
separate and more intuitive administrative 
application to be used by the company.

3.2 Parental monitoring tool

ARMR also allows for growth and 
expansion into completely different directions. 
This kind of application would be desired by 
parents who would like to keep a close eye on 
how their children are using their phones or 
tablets. Features already included in the ARMR 
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application could be a part of the parental 
monitoring application as is or with minor 
tweaks, such as: the web browsing history logs, 
the incoming/outgoing calls logs, and the 
application logs. 

Using the GPS systems included on 
smart phones and tablets with networking 
capabilities, one way the mobile device could be 
tracked could be by logging its location at 
intervals and sent to the same administrative 
email/server and sorted by the administrative 
software. Such a feature would be very desirable 
by parents who are looking for an application 
that could not only let them monitor activity on 
the child’s mobile device, but also keep their 
children safe. A “red flag” alert could be 
triggered if a device travels outside a certain 
radius from the home or school or if it is found 
to be moving after a certain hour.   

3.3 Educational monitoring

As technology continually becomes 
more of a part of every occupation, schools have 
to teach kids to become familiar with the newest 
advancements in technology. More and more 
schools today offer mobile devices to nearly all 
ages of children to aid in classroom learning. 
These devices often come in the form of tablets. 

The ARMR application can be expanded 
to restrict access to certain functions so the 
teacher can pre-define what the students are able 
to do. Teachers can then be confident that the 
students could not misuse the device (e.g. open 
the web browser, download apps, use certain 
apps, etc.) based on the guidelines that they had 
put in to the application via the lists. 

4. Conclusion

Our ARMR application fulfilled each of 
the objectives indicated in the full title: to 
analyze the activity happening on the phone, to 

recognize what apps are open and what sites 
have been visited, to monitor call length and 
other phone usage, and to report all gathered 
information to an administrator for further 
review. 

The ARMR application we have 
developed is the tool that we had in mind at the 
start. It works as desired and is fully functional. 
Reports and logs are easy to read, ample in 
information, and helpful in the review process 
by an administrator. The service starts at phone 
power-on so that ARMR runs in the background 
without interference by the user of the mobile 
device. The logs are sent to the admin email 
account without prompt for permission from 
user so that the admin sees the full activity of the 
device with no interference or alterations made 
by the user. 

Although fully functional, ARMR 
allows for tremendous growth in many different 
directions and has real promise to become an 
intuitive and realistic way for companies to track 
mobile device usage by their employees. ARMR 
can be developed further to include a desktop 
application to allow easy manipulation by and 
mass send and collection of information from 
and by an administrator.

We believe that ARMR can be 
developed to meet the needs of several different 
demographics including but not limited to: 
businesses, parents, and teachers. This openness 
to change, we believe, makes ARMR an 
excellent base for several different monitoring 
tools that can be added to and altered slightly to 
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accommodate the needs of all the different types 

of possible implementations.  

Figure 1. Flow chart of ARMR actions

(bottom level represents future 
development)
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Abstract

Color Desk is an Android application with a 
single goal in mind: create an easy-to-use and 
feature-packed workshop for creative people of 
different veins.

Color Desk tackles this goal by providing a 
simple user interface, packed with a set of 
powerful tools, and topped with the 
communication necessary to help people bring 
their creativity to life from the palm of their 
hand. Or lap. Or desk (it’s their choice really).

Behind the scenes lies a concise set of 
algorithms, a precise sprinkling of options, and 
an on-the-device SQLite database to keep the 
user’s pallets handy. All of these features, when 
combined with the slim user interface, allow the 
user to save and export their custom color 
palettes whenever creativity strikes!

1. Introduction

Color Desk’s development began as a pet 
project to round up a selection of colors (a 
palette of swatches) while on-the-go with an 
Android mobile.  Existing applications in the 
Google Play Market, while endearing and pretty 
useful, all fell short in some way.  Some were 
able to generate useful palettes, but unable to 
easily export them while others could export 
them, but had an overly-complicated user 
interface or a limited selection of algorithms to 
use.

Color Desk attempts to solve these problems 
by providing the Android user a simple interface 
while still providing a set of powerful tools and 
the communication necessary to allow the user 

to get palettes out of their mobile and into their 
creative workflow.

2. Included Tools and Features

Color Desk incorporates the tools necessary 
to take a given hexadecimal, RGB (red-green-
blue), HSL (hue-saturation-lightness), HSB 
(hue-saturation-brightness) or CMYK (cyan-
magenta-yellow-key) color values and convert it 
from one to another.  This allows the user to get 
a desired color into a format they can readily use 
in their creative workflow.

The application also gives the user the 
power to take that desired color and generate a 
five swatch palette using one of the color 
harmony algorithms included with Color Desk: 
Monochromatic, Triadic, Complimentary, 
Analogous, or Compound harmonies. 

While Color Desk can convert colors from 
one format to another, its most outstanding 
feature is its ability to export the user’s-saved 
palettes.  After a user chooses which palette to 
export, Color Desk quickly packs it up and 
hands the palette over to the Android OS for 
further processing via Bluetooth, E-Mail, SMS, 
or any other text-enabled application.

3. Programming Methodology

The Color Desk project was designed and 
coded in an Extreme Programming style.  We 
crowded around one another with our laptops for 
a few hours each day, all striving to complete 
our pet project.  The code for this application 
started as simple sketches and pseudo code and 
quickly grew to include an XML layout for the 
user interface, gobs of Java for the algorithms 
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and Android processes, and even a SQLite 
database! All of these different portions of code 
fell into three different categories for the project: 

1. User interface and design
2. Color algorithms and manipulation
3. Database handling and manipulation

3.1 User Interface and Design

Color Desk’s XML interface was written 
using Google’s Android SDK Plugin for the 
Eclipse IDE.  Fortunately, since the IDE and 
plugins do nearly all of the work for the XML 
layouts, more time was spent on the actual 
design; focusing on the layout of components 
and readability rather than programming the 
XML layout by hand.  This became especially 
important when we began to design the pages 
for the user’s color palettes and their individual 
swatches; we had to strike a balance between an 
interface that didn’t interfere with the color 
palettes while keeping the interface from 
appearing too plain or overloading the user with 
too much extraneous information.

3.2 Color algorithms and manipulation

The color algorithms are perhaps the most 
interesting cog in Color Desk’s internal 
workings.  The algorithms calculate particular 
mathematical relations between a user supplied 
color and its harmonies using the HSL model 
(see Figure 1).

All color harmony algorithms in Color Desk 
measure the base color’s hue as an integer from 
0° to 360° and saturation and luminance as 
percentages up to 100%.  The color harmony 
algorithms used in Color Desk all revolve 
around manipulating the three measurements in 
the HSL model.  In the following examples, we 
will use the W3C standardized color “yellow 
green” (Hex: #99CD32) [2]

Interestingly, none of Color Desk’s color 
harmony algorithms modify the lightness 
attribute of the HSL color space.

Figure 1. HSL Color Model in 3D Space [1]

3.2.1 Monochromatic Harmony:

Monochromatic, as you may suspect, only 
utilizes a single hue of color to generate all five 
swatches for the palette. Swatches two through 
five keep the original hue, but each is reduced in 
its saturation by a relative percentage to the 
original color. If these percentages are too close 
or too small, between one and four saturation 
values are instead added to the original hue to 
generate a useful palette.

Example: 

Base Color (Swatch One): (80°, 61%, 50%)
Swatch Two: (80°, 51%, 50%)
Swatch Three: (80°, 41%, 50%)
Swatch Four: (80°, 31%, 50%)
Swatch Five: (80°, 21%, 50%)

                    
1 2 3 4 5

Figure 2. Yellow Green in Monochromatic Harmony

3.2.2 Triadic Harmony:

Triadic harmony refers to a harmony of 
thirds.  The base color’s hue is used to generate 
swatches two and three by subtracting and 
adding 120°, respectively.  Swatches four and 
five are generated by taking swatches two and 
three and modifying their saturation values.  
Color Desk typically takes half of the user-
provided color’s saturation.  If that value is too 
small to create a useful palette with, we typically 
add 50-75% of its saturation instead, depending 
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on how saturated (or desaturated) the user’s 
original color is.

Example: 
Base Color (Swatch One): (80°, 61%, 50%)
Swatch Two: (300°, 61%, 50%) (-120°)
Swatch Three: (200°, 61%, 50%) (+120°)
Swatch Four: (300°, 31%, 50%)
Swatch Five: (200°, 31%, 50%)

                    
1 2 3 4 5

Figure 3. Yellow Green in Triadic Harmony

3.2.3 Complimentary Harmony:

Compliments, in the realm of color, are 
exactly opposite of one another, mathematically 
speaking.  When calculating the Complimentary 
color harmony, swatch two uses the base 
swatch’s hue and adds 180°. The last three 
swatches take varying values of the first two 
swatch’s saturation values.  Swatch three uses 
the swatch one and subtracts 50% of its 
saturation. Swatch four takes approximately 
33% of swatch two’s saturation and swatch five 
takes 66% of swatch two’s saturation.  Again, 
like the algorithms before, if the saturation’s is 
not sufficient, the offset is added rather than 
subtracted.

Example: 
Base Color (Swatch One): (80°, 61%, 50%)
Swatch Two: (260°, 61%, 50%) (+180°)
Swatch Three: (80°, 31%, 50%)
Swatch Four: (260°, 41%, 50%)
Swatch Five: (260°, 21%, 50%)

                    
1 2 3 4 5

Figure 4. Yellow Green in Complimentary Harmony

3.2.4 Analogous Harmony:

Analogous colors are those that are in close 
relation to one another in degrees (typically 
±30°).  The base color’s hue degree is taken and 
generates swatches two and three by subtracting 
and adding 30°, respectively.  Swatches four and 
five use swatches two and three with 50% 
saturation.  Again, if the saturation value of 
swatches four and five are too low, they offsets 
are added to swatches two and three, rather than 
subtracted.

Example: 
Base Color (Swatch One): (80°, 61%, 50%)
Swatch Two: (50°, 61%, 50%) (-30°)
Swatch Three: (110°, 61%, 50%) (+30°)
Swatch Four: (50°, 31%, 50%)
Swatch Five: (110°, 31%, 50%

                    
1 2 3 4 5

Figure 5. Yellow Green in Analogous Harmony

3.2.5 Compound Harmony:

Compound harmony is the most complex of 
the five algorithms that Color Desk offers to its 
users.  It takes the base swatch and adds 180° to 
it to generate swatch two.  Swatches three and 
four subtracted and added 20° to swatch two’s 
hue, respectively.  Swatch five uses the original 
swatch’s hue with 20° added. All five swatches 
in this palette have the same saturation.

Example: 
Base Color (Swatch One): (80°, 61%, 50%)
Swatch Two: (260°, 61%, 50%) (+180°)
Swatch Three: (240°, 61%, 50%) (-20°)
Swatch Four: (280°, 61%, 50%) (+20°)
Swatch Five: (100°, 61%, 50%) (+20°)
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1 2 3 4 5

Figure 6. Yellow Green in Complimentary 
Harmony

3.2.6 Color Manipulation

Color Desk not only allows the user to 
generate palettes, but has the ability to take a 
single color and manipulate it or convert it 
quickly. By utilizing sliders, Color Desk allows 
the user to modify their color and see the 
changes immediately.

Figure 7. RGB Slider View

Color Desk offers the users four different 
slider sets to manipulate colors: RGB (as seen in 
Figure 7.), HSL, HSB, and CMYK.  RGB is 
geared toward creative people who deal with 
light or computerized color, HSL and HSB are 
both for those who are more traditionally-
inclined, and CMYK is for creative 
professionals that need a four-color process set 
to use with a print press or screen printing.  
Users are also given the ability to create a 
custom palette by generating colors and 

choosing “Add to palette ↓” (again, as seen in 
Figure 7 bottom-left).

3.3 Database handling and manipulation

Color Desk creates a single table in 
Android’s SQLite database upon installation.  
This table is used to store the user’s palettes and 
all necessary metadata to go with it.  It’s also 
used to generate the palette on the opening view 
of Color Desk: the user’s most recent palette.  
The palettes themselves are stored as individual 
rows in the table with the hexadecimal values to 
represent the swatches, as well as the palette’s 
name and creation date.

Utilizing Android’s built-in SQLite database 
allows Color Desk to store a multitude to 
information in a very small footprint.  Once the 
data is stored in the database, it becomes a flat 
file and saves the user space on their mobile.

4. Current Issues and Future Research 

As all good projects go, they are never truly 
complete. As such, the current build of Color 
Desk has some unresolved issues and planned 
features that haven’t been fully implemented 
yet:

1.) The user interface was designed to 
function primarily on medium- and 
high-density pixel displays like the HTC 
Desire HD / Ace and the Samsung 
Galaxy S II.  It does not scale well to 
larger devices like the Asus Transformer 
Prime.

2.) With the release of Android OS 4.0 “Ice 
Cream Sandwich”, the features of Color 
Desk that would allow a user to take a 
photo or select and existing one to 
capture color data no longer work.

3.) Color Desk’s color algorithms are based 
on an additive color wheel.  This is how 
red, green, and blue lights interact to 
create other colors.  This can cause 
unexpected results for a creative person 
that expects Color Desk to generate 
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color palettes using a RYB (red, yellow, 
blue) color scheme.

4.) The user interface needs to be updated 
to show a preview of the user’s swatches 
when they are viewing their palette store

5.) The ability to further modify saved 
palettes needs to be added – currently 
users are only able to add, delete, and 
share saved palettes.  Currently, users 
are unable to rename or reorder palettes 
or remove or modify individual 
swatches.
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 Abstract 

This live case study examines Auntie 
Anne's, the world’s largest hand-rolled soft 
pretzels franchise known for mixing, 
twisting, and baking pretzel products to 
golden brown perfection in full view of 
customers. The study determines customer 
frequencies, arrival times, and other 
variables to create a simulation of the 
company process.

1. Introduction 
The purpose of this paper is to gain insight 

into the business processes of the franchise 
Auntie Anne’s [1]. We will use a computer 
simulation to display the supply chain of Auntie 
Anne’s. This business specializes in pretzels but 
offers their product in a variety of different 
flavors as well as complimentary products. 

2. Background of the company
In 1988, Anne and Jonas Beiler tried to 

create pretzel perfection. After many 
experiments, they created a product which 
many customers around the world over 
know and love. The company is known for 
mixing, twisting, and baking pretzel 
products to golden brown perfection, in full 
view of customers. Currently, customers are 
able to enjoy Auntie Anne’s pretzels, 
dipping sauces, signature beverages, and 
other products in more than 1,100 locations 
worldwide. The two decades of success of 
this establishment can be attributed to their 
commitment to a people-focused 
philosophy, quality products, exceptional 

customer service, and the fun activity of 
pretzel making. 

Auntie Anne’s core product lineup 
includes: the original, cinnamon sugar, 
pepperoni, sour cream and onion, garlic 
pretzels, and the pretzel dog.  They also 
offer their most popular flavors in bite sized 
pretzels called “Pretzel Nuggets” and in 
pretzel sticks.  Auntie Anne’s has also 
grown famous for their five selections of 
lemonade mixers. While Auntie Anne’s is a 
franchising business, they also offer 
fundraising opportunities for schools and 
nonprofit groups.  There are more than 200 
fundraising distributers throughout the 
country who can assist these organizations 
with a variety of products including, but not 
limited to, the frozen pretzel products and 
baking kits. Receiving recognition from 
notable industry sources is important to 
Auntie Anne’s Pretzels. The franchise 
owners and business partners find the 
accolades to be a reward for their 
commitment to the firm’s business platform.  
Franchise times ranked Auntie Anne’s in the 
top 200 Franchise Systems.  The Franchise 
Business Review Ranked the company best 
in 2009 for the food category. 

3. Customer Observation
By making observations at the Auntie 

Anne’s location in the Governor’s Square 
Mall in Tallahassee, Florida, we were able 
to determine the inter-arrival time, average 
transaction time, and the demographics of 
the customers for this establishment. We 
determined this data through direct 
observation. Our research revealed that there 



Proceedings of the 2012 IEMS Conference

32

was a 4:1 ratio of females to males 
patronizing the quick service restaurant. 
Overwhelmingly, fifty-five percent of the 
customers appeared to be in their 30s.  The 
average batch size was two. That is, most 
customers came in groups of two. We also 
observed that while pretzels are the 
signature product of Auntie Anne’s, many 
customers would come to the business to 
purchase their delicious lemonades. Thirty-
six percent of the customers during our 
observation period only purchased a drink.

 Out of the 21 males 33% were less than 
18 years of age, 24% were in their 20s, 29% 
were in their 30s. For the female 
demographic 24% of the customers were in 
their 20s and 24% were classified as 18 
years of age, or younger. Overwhelmingly 
42% of the population was in their 30s.

4. Customer Data Classification
Null Hypothesis: Auntie Anne’s customer 

inter-arrival time is exponentially 
distributed.

Alternate Hypothesis:  Auntie Anne’s 
customer inter-arrival time is not 
exponentially distributed.

In order to determine the proper 
distribution fitting for the classification of 
the customer inter-arrival times and 
transaction times at Auntie Anne’s, an 
analysis was conducted.  The histograms in 
Exhibit A were created to estimate the 
appropriate distribution.   Ultimately, we 
were able to conduct a chi square analysis 
from this data to confirm the distribution. 
(See Exhibit B)

To develop our histograms, we observed 
the time between customer arrivals and the 
various transaction times. These instances 
were summarized and the number of 
occurrences was plotted for the various 
intervals. The inter-arrival histogram shown 
in Exhibit A shows an exponential 
distribution with one hundred observations 

yielding a mean of 1.57 minutes and a 
standard deviation of 1.22 minutes.  

Test:  As previously stated, Exhibit B 
provides an overview of the Chi-Square 
Goodness-of-Fit Test performed to verify 
the validity of the null hypothesis.  In the 
event that the total Chi-Square value 
calculated exceeds the Chi-Square critical 
value (Chi-Square distribution table), one 
must reject the null hypothesis.  As it relates 
to customer inter-arrival times, the 
calculated Chi-Square value is 9.90.  The 
associated critical value (respective of 4 
degrees of freedom and a confidence 
interval of 0.01) from the table is 13.28.  
Therefore, we cannot reject the null 
hypotheses, and accept the hypothesis that 
the time between customer arrivals is 
exponentially distributed.

5. Transaction Times
Null Hypothesis: Auntie Anne’s 

transaction time is exponentially distributed.
Alternate Hypothesis:  Auntie Anne’s 

transaction time is not exponentially 
distributed.

The process at Auntie Anne’s begins with 
the customer walking up to the customer 
waiting area (queuing line) and waiting for 
their turn at the transaction counter.  When it 
is their turn, the customer is greeted by the 
cashier and subsequently places their order 
and then pays the cashier. The order is then 
processed and all of the items needed to 
fulfill the order are packaged (e.g. pretzel 
sticks, dipping sauce, and lemonade).  Based 
on our observations the customer transaction 
took an average of 2.28 minutes to complete 
(time from ordering to being served) with a 
standard deviation of 1.55 minutes. The 
customers that only took one minute or less 
seemed to arrive at the counter and already 
know what they wanted to purchase.  This 
enabled the cashier to immediately process 
the transaction without any additional 
waiting time. 
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Test: Referencing the Chi-Square 
Goodness-of-Fit Test performed for 
transaction times in Exhibit B, the calculated 
Chi-Square value totals 10.98.  Similarly to 
the test of inter-arrival times, 4 degrees of 
freedom and a confidence interval of .01 
yield a theoretical Chi-Square value of 
13.28.  Therefore, we cannot reject the null 
hypotheses (10.98 < 13.28), and accept the 
hypothesis that the transaction time is 
exponentially distributed.

6. Simulation
In order to graphically depict the 

customer experience at Auntie Anne’s and 
the relationship with their supply chain we 
conducted a simulation. We utilized the 
2011 version of the simulation software 
ProModel [2].  The simulation enabled us to 
expand our study and predict the results of 
the business for a much larger interval of 
time. We recreated the process at the 
business by illustrating the customer waiting 
area, the transaction counter, and the dining 
area.  Our simulation inputs were based on 
the actual data collected during our 
observations, particularly the mean inter-
arrival and transaction times (1.57 and 2.28 
minutes respectively) and the number of 
customers who consumed their purchases on 
site (in the dining area).  When running the 
simulation we immediately recognized that 
it did not take very much time for a long 
waiting line of customers to appear.  

We also portrayed the process of Auntie 
Anne’s various suppliers arriving at the 
company’s receiving dock, delivering 
supplies, and returning to their headquarters.  
The three primary suppliers we focused on 
were Coca Cola (supplier of beverage 
products), Sun Orchard (supplier of the raw 
materials for the various lemonades), and 
most importantly, Lesaffre Yeast (provider 
of the pretzel dough).  The suppliers arrive 

on average twice per week and typically 
spend less than 30 minutes unloading 
products.  This information was necessary to 
properly customize the attributes of the 
simulation.

To simulate the change in demand over 
time, a four quarter forecast of GDP was 
generated using FOURCAST [3]. Then, the 
time between arrivals in each quarter was 
projected by multiplying the current time 
between arrivals by the current GDP and 
dividing by the projected GDP for each 
quarter. The simulation was then repeated 
with the projected time between arrivals.

7. Recommendations
After conducting our observations and 

preparing our simulation [exhibit C] we 
were able to arrive at some meaningful 
conclusions which were the driving factors 
behind our recommendations.  Based on the 
exponentially distributed inter-arrival and 
transaction times, the company can benefit 
from making changes to its transaction 
structure.  We observed a mean inter-arrival 
time of 1.57 minutes and a mean transaction 
time of 2.28 minutes. This means that 
customers arrive more quickly than they are 
processed through the system (pay for their 
order and are subsequently served).  Auntie 
Anne’s line of customers must grow to 
infinity. Therefore the transaction counter is 
the bottleneck of the system.

The company can greatly benefit from 
adding an additional cash register which will 
help to immediately decrease the waiting 
time for patrons. This register does not need 
to be in constant use, but rather can be 
engaged whenever there are more than four 
customers waiting in line.  Decreasing the 
waiting time serves two fundamental 
purposes.  First it helps to increase the 
morale of current customers (those already 
in line) by signaling to them that they are 
able to get what they want quickly.  
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Moreover it also helps to attract new 
customers to the business because they are 
not faced with a long line when evaluating 
which business to patronize. 

Auntie Anne’s can also improve their 
operations by modifying the position of their 
customer waiting area.  As stated before the 
business is located in a shopping mall but it 
is not situated in the mall’s food court.  It is 
strategically placed near an intersection 
where customers converge from many 
directions.  Currently, customers form their 
own line extending from the transaction 
counter directly through a portion of the 
intersection.  During peak times (defined by 
the instances when the greatest number of 
customers arrive), the bottleneck at the 
transaction counter causes the line to 
converge with the mall’s walkway.  If 
Auntie Anne’s were to install queuing rope 
along the wall next to the transaction 
counter, they could encourage customers to 
line up against the wall, still in clear view of 
the menu items.  Therefore, they can reduce 
the number of customers that reject the 
purchase opportunity based on the 
disorganized waiting line. 

7.1. References
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Exhibit A: Histograms of Inter-arrival 
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Exhibit B: Chi Squared Goodness 
of Fit Tests

Cell (i)
Interval 

(min)

Observed 
Frequency 

(Oi)

Ho 
Probability 

(Pi)

Ho Expected 
Frequency 

(Ei) ((Oi-Ei)^2)/(Ei)
1 0.0-0.29 13 0.17 16.7 0.82
2 0.29-0.64 11 0.17 16.7 1.95
3 0.64-1.09 12 0.17 16.7 1.32
4 1.09-1.73 19 0.17 16.7 0.32
5 1.73-2.83 26 0.17 16.7 5.18
6 2.83-00 19 0.17 16.7 0.32

Total - 100 1.00 100 9.90

Interarrival Data

Cell (i)
Interval 

(min)

Observed 
Frequency 

(Oi)

Ho 
Probability 

(Pi)

Ho Expected 
Frequency 

(Ei) ((Oi-Ei)^2)/(Ei)
1 0.0-0.40 15 0.17 16.7 0.17
2 0.40-0.93 24 0.17 16.7 3.19
3 0.93-1.58 18 0.17 16.7 0.10
4 1.58-2.44 17 0.17 16.7 0.01
5 2.44-4.11 20 0.17 16.7 0.65
6 4.11-00 6 0.17 16.7 6.86

Total - 100 1.00 100 10.98

Transaction Data

Sample cell width calculation
Interarrivals
-1.57 ln (1-0) = 0
-1.57 ln (1-.167) = .29
-1.57 ln (1-.334) = .64
-1.57 ln (1-.501) = 1.09
-1.57 ln (1-.668) = 1.73
-1.57 ln (1-.835) = 2.83
-1.57 ln (1-1) = infinity
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Exhibit C: Simulation Screen Shot
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Abstract
     This live case study is conducted for 
CrepeVine Restaurant in Tallahassee, FL. At 
Crepe Vine the ingredients are laid in front of 
you where you see your order as it is prepared. 
The study uses ProModel computer color 
graphics animation simulation to evaluate the 
effectiveness of CrepeVine's supply chain 
processes.

1. Introduction
CrepeVine [1] is a restaurant that specializes 

in crepes which include breakfast crepes, 
lunch/dinner crepes, dessert crepes, as well as 
salads.  CrepeVine first opened its doors on June 
9, 2006 by a student from Florida State 
University [2]. The vision for CrepeVine is to 
have a place where all are welcome to enjoy 
simple, fresh food.  

It is a restaurant where one can sit down and 
enjoy a friendly atmosphere or take one’s order 
to go. When customers place an order, 
ingredients are visible through a glass window. 
The customers can watch as the food is being 
prepared. 

CrepeVine has two locations in Tallahassee, 
Fl. They are 220 West Pensacola Street and 
1304 North Monroe Street. CrepeVine is looking 
to expand their clientele with plans of opening a 
new store on Gaines Street during summer 2012. 

 Customer Demographics 
North Monroe Location: Young professionals 
between the ages of 22 and 30 that frequent the 
restaurant once to twice a week.  The peak order 
time frame for these customers is 11:30am-
1:30pm.  
Pensacola Location: Predominately students 
from local colleges, between the ages of 18 and 
21. These customers frequent the restaurant once 

to twice a month.  Their peak hours are from 
2:00pm to 5:00 pm.  

2. Customer Data Classification
In order to classify customer behavior, we 

collected data on the time between customer 
arrivals on a Wednesday from 1:30pm to 
2:30pm. In order to define the arrivals, the 
entity, batch size, arrival time, and time between 
arrivals were recorded.  We use the chi square 
test to investigate the distribution of the inter-
arrival times.  

Consider the following hypothesis:
H0: The time between arrivals is exponentially 
distributed with a mean of 1.625 minutes.
H1: The time between arrivals is not 
exponentially distributed with a mean of 1.625 
minutes.

We estimate the number of cells from 
k=(2*30)1/3, which is approximately 4.  If s is 
the number of estimated parameters, the number 
of degrees of freedom is k-s-1=k-1-1=2.  The chi 
square test statistic = 4.399, which at a level of 
significance of 0.01, is less than the theoretical 
chi square value of 9.21. Therefore we cannot 
reject  H0, and accept that the inter-arrival time is 
exponentially distributed.

3. Supply Chain Description
There are four key members of the supply 

chain process for CrepeVine. These members 
are Boar’s Head, Reinhart Foods, Pepsi, and 
Adam’s Produce. Boar’s Head is the primary 
distributor for meat and cheese products and 
delivers weekly to the restaurant. Reinhart Foods 
delivers to CrepeVine twice per week, supplying 
disposable toiletries, common kitchen 
necessities, and coffee. CrepeVine recently 
changed its primary drink supplier from Coke to 
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Pepsi. Pepsi replenishes CrepeVine’s drink 
machine every week.

4. Process Descriptions
Time Taken to Place Orders
In order to classify the distribution of the 

time to receive the order, consider the null 
hypothesis H0: the time to place the order 
follows a triangular distribution, and the 
alternative hypothesis H1: the time to place the 
order does not follow a triangular distribution.  
To create the Chi-Square test, we used 32 
observed (see Exhibit 2) times to place the order. 
We used the stat::fit function in Promodel [3] to 
test H0. Stat::fit accepted H0. Therefore, we 
accept that order time follows a triangular 
distribution with mean 0.8 minutes.

Time Taken to Process/Cook Orders
In order to classify the distribution of the 

time to receive the order, consider the null 
hypothesis H0: the time to cook the order 
follows a triangular distribution, and the 
alternative hypothesis H1 : the time to cook the 
order does not follow a triangular distribution. 
To create the Chi-Square test, we used 34 
observed (see Exhibit 3) times to cook the order.
We used the stat::fit function in Promodel [3] to 
test H0. Stat::fit accepted H0. Therefore, we 
accept that cook time follows a triangular 
distribution with mean 3.56 minutes.

5. ProModel Simulation
To build a simulation of CrepeVine service 

processing system (represented in minutes), the 
following was input.

 3 Locations:
o Queue/line (infinite capacity)
o Order taker (capacity 1)
o  Cooker (capacity 1)

 1 Entity (customers)

The processes and routings that the 
customers go through, as described in previous 
sections, were defined using the processing 
components of ProModel [3]. It was decided to 
run the simulation for 5 hours. From the 
simulation, it was found that the average time a 
customer waits in the queue (line) to place an 
order is 6.78 minutes; the average time spent 

placing an order is 3.66 minutes; the average 
time waiting to receive an order is 3.70 minutes; 
and the average time a customer spends in the 
overall CrepeVine system is 16.23 minutes. 

The utilization of CrepeVine is 79.08%, 
and 438,757 customers are served. The 
maximum number of customers placing an order 
is 1.

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 for CrepeVine.

To simulate the change in demand over 
time, a four quarter forecast of GDP was 
generated using FOURCAST [4]. The time 
between arrivals in each quarter was 
projected by multiplying the current time 
between arrivals by the current GDP and 
dividing by the projected GDP for each 
quarter. The simulation was then repeated 
with the projected time between arrivals.

6. Recommendations 
The results from both observations and 

ProModel show that there is a cooking 
bottleneck in the customer order processing 
system. The customer inter-arrival rate 
(1/1.6=0.625) per minute is greater than the 
cook rate (1/3.56=0.28) per minute. The waiting 
time increases over time due to the restaurant’s 
lack of capacity to process orders. Because of 
this, the waiting line can increase without bound. 
It is recommended that CrepeVine create an 
additional cooking station to decrease customer 
order wait time and serve customers more 
efficiently.
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Exhibit 1
Inter-Arrival Times

Observed Inter-Arrival Times (minutes)
0.3 1 0 0
0 0 2 1
0 0.3 0 0
0 0 1 5

0.3 9 0 2
1 0.3 4 3
0 2 1 0
4 3 0 11

Time

Count of 
Arrival 
Time

0-0.30 17
0.30-1 5
1.01-1.30 0
1.31-2.00 3
2.01-2.31 0
2.31-3.00 1
3.00-inifinte 2
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Exhibit 2
Observed Times to Place Order

0.93 0.98 1.00 0.60 0.92 0.78
1.37 0.80 1.25 1.67 0.87 0.33
0.40 0.27 0.53 0.53 1.17 0.90
1.20 1.67 0.90 0.27 0.27 0.28

0.72 0.33 0.78 1.32 0.94 0.58
0.45 0.62

Time Count of Times to Order

Mean                                      0.80 0.80
Standard Deviation             0.39 0.39

0-.30 4
.31-1.00 21
1.01-1.30 3
1.31-2.00 4
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Exhibit 3
Station #2

 Observed Times for Cooking Orders (Minutes)
1 4 2 4 1 4
4 3 3 5 2 6
2 1 4 4 4 4
6 5 3 6 4 5
4 4 4 2 4 3
5 6 1 1

Time Count of Time to Cook
1 5 Mean 3.56
2 4 Standard deviation =1.208
3 4
4 13
5 4
6 4
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 Abstract 

     Marshall University Cyber-Security Research 
and Education System (MU-CRES+) introduces 
a new innovative and versatile way of learning 
about and performing research in cyber-security 
that facilitates training for various scenarios and 
user levels. MU-CRES+ allows participants to 
use the cyber-security techniques they learned in 
the course to defend their servers from malicious 
attacks as well as perform counter-attacks while 
trying to gaining information from additional 
objectives. MU-CRES+ is an effective way of 
introducing cyber-security techniques to current 
computer science students as well as providing 
an easy to use research framework for IT 
professionals.

1. Introduction 
Disaster, emergency, and crisis; these are all 

words that are used to describe the current 
cyber-security situation prevalent in the US. 
Since cyber-security is not getting enough 
emphasis in computer science curriculums, 
leaving graduating students unprepared when 
they enter the workplace, the Marshall 
University Cyber-security Research and 
Education System (MU-CRES+) framework was 
developed. MU-CRES+ introduces a new, 
versatile way of learning about and performing 
research in cyber-security techniques that 
facilitates training for various scenarios and user 
levels. MU-CRES+ was initially tested as an 
education system earlier this year. A series of 
labs were created using the system to educate 
participants about different aspects of cyber-

security, which were used during a controlled 
team-based hacking event. The participants had 
to use the cyber-security techniques they learned 
in the labs to defend their servers from malicious 
attacks during this event, as well as perform 
counter-attacks. The first live hacking event was 
a success which led to a great wealth of user 
input for future versions of the framework. 
Future iterations of MU-CRES+ will include 
miniature versions of the live hacking event. 
MU-CRES+ is an effective way of introducing 
cyber-security techniques to current computer 
science students as well as providing an easy to 
use research framework for IT professionals. 
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. Typical Approach 
Cyber-Security education methods seem to 

be stuck back in the early 1900’s. By this we 
mean that classes for it are typically theory 
based, with a shortage of hands-on learning. 
MU-CRES+ brings a fresh approach to cyber-
security education.

3. Goals
The primary goal of MU-CRES+ consisted 

of making a dynamic system that could be easily 
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redeployed when needed, and be enjoyable as 
wells as educational.  Another goal of MU-
CRES+ was to make it so that the teams had a 
higher chance of attacking each other.

4. MU-CRES+ 
For the goals to be obtained, MU-CRES+ 

needed to be a modular network that had an 
openly accessible backbone. To accomplish this, 
MU-CRES+’s source code and documentation is 
available by request. To test the system, a team 
based “hackfest” event was set for April 30th, 
2012. This event was a student competition that 
consisted of cyber-security students in Marshall 
University’s computer science program. These 
students had the entirety of a semester to learn 
various cyber-security related techniques, such 
as system hardening and use of intrusion 
detection systems. The students then use these 
techniques for the hackfest.

5. Equipment
MU-CRES+ consists of many different 

pieces of hardware. There are a minimum of 18 
systems currently in use in the system. Two 
teams receive 7 of these systems, and the 
judging team uses 4 of them. There are also 3 
1GBps Cisco switches, 1 for each team. These 
switches are used to control traffic flow as well 

as making the networking as simple as possible. 
Figure 1 shows the CRES+ network and system 
schematic.

5.1. Team Systems 

Then team systems have various 
responsibilities. Each team must use a Fedora, 
Ubuntu, and Windows server. All three of these 
servers must have ping and SSH enabled, for 
reasons that will be discussed later. The servers 
also have individual services that need to be 
running on them. The Fedora server must be 
running an FTP server, the Ubuntu server must 
be running a web application server, and the 
Windows server must be running a HTTP 
server. The teams also receive a legacy system 
that is a Windows server that has built in 
vulnerabilities. Lastly the team will receive three 
general purpose systems. These systems may be 
used for anything the team chooses, but it is 
recommended that they have at least one 
Backtrack Linux or Blackbuntu system for 
attacking. These systems can also be used for 
honeypots and tarpits.

5.2. Judge Systems

The judge systems are comprised of three 
servers and an attack system. The first server is a 

Figure 1. CRES+ Framework



Proceedings of the 2012 IEMS Conference

44

monitoring server that checks to see which 
services the team servers are running. The 
monitoring server then relays this information to 
a scoring server, which presents the teams with 
the scores that they have received in a web 
interface. There is also a “black box” system 
associated with the judges. This system has tasks 
on it that the teams can complete to score 
additional points.

6. Scoring
MU-CRES+ has three ways of scoring 

automatic, manual by judges, and by submitting 
flags. 

6.1. Automatic

The automatic scoring is based off of what 
services the teams are running. Using the web 
application that was developed for MU-CRES+, 
connections are automatically established to the 
services that an individual machine is supposed 
to be offering, and if that connection cannot be 
established that team loses points.

6.2. Manual 

The manual scoring is performed using the 
chat system. When a team completes a task that 
cannot be seen by the service checker, such as 
defacing a website, they may send a message to 
a judge that can then determine if that team did 
indeed perform the task. The judge can then 
score the team appropriately using the web 
interface.

6.3. Flags

Flags may be obtained from the black box 
system. These flags are hexadecimal strings that 
are unique for each task on the black box. When 
you complete a task on the black box you are 
presented a flag in a plaintext format. A team 
may then take the plaintext flag and enter it into 
the scoring system through the web interface. 
Each flag may be captured only once during the 

event. This means that if one team has already 
claimed a flag for a task, the other team cannot 
score points if they attempt to submit it.

7. Challenges
Throughout the development many 

challenges presented themselves. The most 
frequent challenge was presented by working 
with Unix based operating systems. Lack of 
experience with these operating systems usually 
led to large amounts of time dedicated to 
learning new commands. Linux turned out to be 
a problem on the legacy server. When 
attempting to add vulnerabilities to the legacy 
server, it was apparent that almost any Linux 
distributions, even older versions, were too 
secure to be used as the legacy server. The first 
version of CRES, utilized the DVL linux distro 
[2] developed by Dr. Thorsten Schneider in 
Germany for his university courses however 
DVL is no longer available and support is 
scarce. Because of this we had to resort to using 
Windows as our legacy server. We also had 
issues with bug after bug appearing in our 
scoring and monitoring system. Every time we 
would fix one bug, a new one would be 
discovered.

8. Conclusion
When using MU-CRES+ for the hackfest we 

saw a relative success. The students seemed to 
enjoy themselves thoroughly, and they showed 
that they had learned a great deal from 
hardening their systems throughout the semester. 
Despite that, only a few attacks were met with 
success. The attacks that did get through were all 
thanks to social engineering. Social engineering 
is by chance the biggest aspect of cyber-security, 
so we made it a major element of this iteration 
of MU CRES.

9. Future
The next iteration of MU CRES will see 

some drastic changes. One of the biggest 
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changes is to a completely flag based scoring 
system. This type of scoring allows for easier 
deployment, and allows for a “capture the flag” 
feel, with each team having a flag that they must 
defend. This also allows for an easier adaptation 
to a multiple team event. We would also add 
more tasks to the black box system, and would 
write our own services that the teams could 
exploit.
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Abstract

This paper studies the optimal combination 
of western electric supplementary runs rules in 
the use of control chart using computer 
simulation to improve chart sensitivity. The 
main objective is to identify the best 
combination of runs rules that will reduce both 
in control and out of control average run lengths 
and thus achieve the average run length values 
pre-specified by the chart designer. 

A computer simulation program is written in 
MATLAB 7.0.1 workspace, and is utilized for 
the joint use of x and R control charts to 
control both process mean and variability. The 
paper also provide a table to be used by 
practitioners  to specify the best combination of 
runs rules that will satisfies specific values for in 
control and out of control average run lengths. In 
case that more than one combination satisfies the 
ARL0 and ARL1 specified by the designer, the 
simplest combination should be used.

1. Introduction

Statistical process control (SPC) is a 
powerful collection of problem-solving tools 
useful in achieving   process stability and 
improving capability through the reduction of 
variability. Among these tools, come the control 
charts which were developed in the 1920s by 
Shewhart [13] to monitor process. The most 
famous and common Shewhart control chart is 
thex chart which is used to monitor the process 
mean due to its simplicity for understanding and 
operating.  

Montgomery [9] explained that control chart 
may serve, first, to define the goal or standard 
for a process that management strives to attain; 
second, it may be used as an instrument for 
attaining that goal and third, it may serve as a 
mean of judging whether the goal has been 
reached. The use of control charts results on two 
different types of errors namely type I error 
denoted as (a) and type II error denoted as (b). 
Type I error is the conditional probability that an 
out of control signal occurs while the process is 
in-control, also known as probability of false 
alarm. Type II error is the conditional 
probability that in control signal occurs while 
the process is out-of-control. The power or 
effectiveness of a control chart is usually 
measured by (1-β), which is the conditional 
probability that an out of control signal occurs 
while the process is out of control. 

The Average Run Length (ARL) is the 
average number of inspected samples required to 
achieve an out-of-control signal.  When a 
process is out of control, the chart designer 
wants the control chart to signal quickly, i.e. to 
have a small out-of-control ARL, called ARL1. 
Conversely, when the process is in control, the 
chart designer wants the chart to produce fewer 
false alarms, i.e. to have a large in-control ARL, 
called ARL0. 

For any control chart, the ARL can be 
calculated as the reciprocal of the probability of 
an out of control signal. Thus, when a process is 
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out of control, the out-of-control ARL can be 
calculated as the reciprocal of the power of the 
chart probability. Conversely, when the process 
is in control, the ARL can be calculated the 
reciprocal of the false alarm probability.

A control chart may indicate an out-of-
control signal either when one or more point 
falls beyond the control limits or when plotted 
points exhibit some nonrandom pattern of 
behavior.  The Western Electric Handbook [16] 
presented a set of decision runs rules for 
detecting nonrandom patterns on control chart. 
The use of each rule or combination of them 
improves the sensitivity of the control chart to 
detect process shifts. Specifically, it suggested 
concluding that the process is out of control if 
one of the following rules occurs:
1. One or more points fall outside the control 

limits.
2. Two of three consecutive points fall outside 

the warning (two-sigma) limits but still 
inside the control limits.

3. Four of five consecutive points fall on the 
same side of the centre line and outside the 
one-sigma limits

4. A run of eight consecutive points fall on one 
side of the center line.
These rules are often used in practice for 

enhancing the sensitivity of control charts to a 
small process shift so that the chart may respond 
more quickly to the assignable causes. However, 
increasing the chart response to out of control 
signal also increases the probability of false 
alarm, i.e. reducing β will result in increasing α 
and vice verse. In this paper, a computer 
program is designed and developed under 
MATLAB 7.0.1 workspace to compute the 
ARL0 and ARL1 where different combination of 
runs rules (shown above from one through four) 

are utilized.  The program is designed to be used 
for joint x and R control charts (control chart for 
mean and control chart for range). However it 
can be used for either one separately.

Control charts are among the most important 
management control tools; they are as important 
as cost controls and material controls. Modern 
computer technology has made it easy to 
implement control charts in any type of process, 
as data collection and analysis can be performed 
on microcomputer or a local area network 
terminal in real time, on line at the work center 
[19]. 

The design of control charts requires the 
determination of three design parameters: the 
sample size n, the time interval between samples 
h, and the width coefficient of the control limits 
k. The most common design in practice is the 
heuristic approach that was suggested by 
Shewhart [13] in which n = 4 or 5, k = 3, and h = 
1hour. Although this design is simple to 
implement, it may result in poor statistical 
characteristics with respect to type I and type II 
error probabilities. Instead, three other design 
approaches were proposed in literature: these are 
economic, economic-statistical and statistical 
approaches.

The economic design was first introduced by 
Duncan [6], where the objective is to minimize 
the total costs when a single assignable cause 
exists. It requires the user to estimate a number 
of process parameters as well as cost parameters 
and results in a design that is economically 
optimal. Chiu and Huang [5] presented a study 
that extended Duncan's single cause model to 
two different manufacturing process models in 
which the processes continue and discontinue 
during the search for assignable cause. Chiu and 
Huang applied their model on the economic 
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design of x control chart. Parkhideh and 
Parkhideh [11] generalized Duncan’s model 
where runs rules are used.  Gelinas and 
Lefrancois [8] applied a heuristic approach on 
Duncan's [6] cost model in the economic design 
of x-R control charts. Within the heuristic 
approach, the n and k are evaluated without 
relying on the cost structure of the control 
process; h on the other hand, is determined based 
on the n, k and the cost structure of the control 
process. 

The economic-statistical design is an 
approach that was first introduced by Saniga 
[12] in which an economic design is enhanced 
by a number of constraints on ARLs (type I and 
type II error probabilities) or Average Time to 
Signal (ATS). This design again requires 
estimation of process and cost parameters in 
addition to the desired levels of ARLs and the 
shift against which protection is required. Saniga 
[12] indicated that the economic-statistical 
designs are comparable, with the statistical 
designs in terms of statistical properties; 
however, they can be more economical to use. 
Engin [7] represented an application for the use 
of economic statistical x control charts design in 
the textile yarn industry. In this study, Duncan’s 
[6] cost function was used. However, in 
searching for the optimum n, h, and k, Engin 
considered the power of the control chart (1-β) 
to detect assignable causes to be at least 0.95. At 
the same time, loss-cost should be as minimal. 

Stoumbos and Reynolds [14] developed a 
comprehensive economic-statistical model for 
the design of control schemes based on the 
combination of exponentially weighted Moving 
Average Control charts and Shewhart X charts 
that use variable sampling interval policy. 

Chen and Yeh [4] presented an approach 
which simultaneously considers the properties of 
cost and quality when an x chart monitors a 
manufacturing process with Gamma failure 
characteristic and non-normal data. 

Finally, the statistical design of control 
charts focuses on designing a control chart that 
satisfies specific value for in-control and out of 
control average run lengths. In what follows, the 
focus will be given to the studies that involve the 
use of different runs rules in the use of control 
charts. Many researchers studied the 
implementation of different runs rules and its 
effect on the sensitivity of the control charts, 
among those are the following: Wheeler [17] 
provided the practitioner with tables of 
percentile values of distribution of run length for 
each of the sets of the runs rules and provided 
tables for the power function for x chart. 

Champ and Woodall [2] used Markov chains 
to compare between average run length with 
supplementary runs rules when using 
Shewhartx chart and CUSUM chart. A Markov 
chains approach is used to evaluate the ARL and 
the run-length distribution of the Shewhart 
control chart with supplementary runs rules. It 
has been shown  that the supplementary runs 
rules cause the Shewhart chart to be more 
sensitive to small shifts in the mean, but not as 
sensitive as the CUSUM chart. The computer 
program used to carry out the above procedure 
was published by Champ and Woodall [3]. The 
program evaluates the properties of the run 
length distribution of a Shewhart quality control 
chart with supplementary runs rules, and is only 
applicable to Shewhartx chart. 

Palm [10] provided tables to be used by 
practitioners for percentile values of distribution 
of average run lengths. These tables are made 
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for control charts to control process average 
using supplementary runs rules. Walker, Philpot 
and Clement [15] applied a simulation computer 
program of eight runs rules. These rules are 
designed to give an earlier detection of abnormal 
lies in the process mean for x chart, but increase 
the probability of a false signal rates. 

Zhang and Zhang [18] have proposed an 
optimization algorithm to design combinations 
of runs rules for x chart. The optimization 
design minimizes the out-of-control ARL at a 
design mean shift. The statistical performance of 
the charts is compared and ranked using the 
steady-state ARL. They have provided runs rules 
computer program to select the design and 
assess the control charts with run rules that have 
high effectiveness and guaranteed false alarm 
rate. 

Aebtarm and Bouguila [1] have presented an 
empirical evaluation model to be used for the 
attribute charts that monitor defects (C-charts). 
They illustrated 11 different versions of C-charts 
with improved charts sensitivity and reduced 
costs of inspection.

When dealing with a quality characteristic 
that is a variable, it is usually necessary to 
monitor both the mean value of the quality 
characteristic and its variability. Control of the 
process average or mean quality level is usually 
done with the control chart for means, or the x 
chart. Process variability can be monitored with 
a control chart for the range, called an R chart. It 
is very crucial to jointly design both control 
charts. This calls for the joint use of   x-R 
control charts. 

Very limited research available in literature 
evaluates the performance (rate of true and false 
alarm) ofx and R control charts with 
supplementary runs rules. The main objective of 

this paper is to identify the best combination of 
runs rules that will reduce both in control and 
out of control average run lengths and thus 
achieve the average run length values pre-
specified by the chart designer when using x-R 
control charts.

2. Methodology

This section demonstrates the computer 
simulation program, the sample size used 
while running the program and the program 
validation.

2.1.  Computer program
In this paper, a computer program for the 

optimal combination of supplementary runs 
rules is developed to improve chart sensitivity. It 
identifies the best combination of the runs rules 
for a particular application that optimize 
different types of errors. The computer program 
named has been developed under MATLAB 
7.0.1 workspace. The program consists of seven 
parts. A brief explanation of each part with a 
snap shot of the code is shown below in 
subsection 2.1.1 through 2.1.7. 

2.1.1. Input data: The input parameters for this 
program are:
1. The process parameters, i.e. the mean and 

standard deviation while the process is in 
control (µ0, ơ0) 

2. The total number of random trials that the 
author requires the program to run. Each 
random trial requires the whole program to 
run until an out of control signal occurs. 
Increasing the number of random trials 
improve the program accuracy but increase 
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the run time. The optimum value for the 
number of random trials is explained in 
details in section (2.2). 

3.  The sample size, n, which is the total number 
of units needed to generated, accumulated, 
and had its mean and range computed and 
finally plotted on the subsequent chart. The 
program user should also enter the control 
chart factors corresponding to the sample 
size.

4. The last input that the program user will enter 
is the standardized shift value (δ) and the 
standard deviation ratio (λ).
It is assumed that the joint x and R charts are 

used to monitor a process where independent 
observations from quality characteristic of 
interest, x, are normally distributed with a mean 
µ0 and a variance ơ0

2. It is assumed that when the 
process is out of control, it is due to a shift in 
mean from µ0 to µ1 = µ0 + δơ0, with δ > 0, and / or 
a shift in the process standard deviation from ơ0 

to ơ1 = λ ơ0. 
Standardized shift value is given by the 

difference between process mean after shift and 
process mean before shift, divided by the 
standard deviation. Standard deviation ratio is 
given by the ratio between standard deviation 
after shift and standard deviation before shift. 
The input data for the computer program are 
presented in details in the program snap shot 
below.
me0=input('Please Enter the Initial 
Mean Value=   ');
va=input('Please Enter the Initial 
Variance Value=  ');

Program Snap Shot “The process 
parameters, mean and standard deviation”

re=input('Please Enter the Number of 
Random Trials=  ');
Program Snap Shot “The number of random 

trials”

n=input('n=     ');
d2=input('d2=     ');
d3=input('d3=     ');

Program Snap Shot “A sample size n, as well 
as, control factors based on the sample size”

SSV=input('SSV=   ');
SDR=input('SDR=     ');

Program Snap Shot “Standardized shift 
value (δ) and standard deviation ratio (λ)”

2.1.2. Selection code: x and R-charts are often 
used to monitor parameters of the distribution of 
a quality characteristic of items as they are 
produced. The supplementary runs rules are used 
to improve sensitivity for detecting shifts in the 
mean and the variance.  In the developed 
program, the user can select the code number 
from (1) to (24) according to desired chart ( x-R, 
x or R) and according to different combination 
of runs rules (1, 2, 3 or 4).  For example:  code = 
‘20’ indicates the x chart with supplementary 
runs rules one, three and four.
prog=1;
while prog==1
disp('Please Select the Rule code 
According to its Type and Result file 
name')
disp('1   Run-R1     Res_Run_R1'    )
disp('2   Run-R1x    Res_Run_R1x'   )
disp('3   Run-R1r    Res_Run_R1r'   )
disp('4   Run-R12    Res_Run_R12'   )
disp('5   Run-R12x   Res_Run_R12x'  )
disp('6   Run-R12r   Res_Run_R12r'  )
disp('7   Run-R13    Res_Run_R13'   )
disp('8   Run-R13x   Res_Run_R13x'  )
disp('9   Run-R13r   Res_Run_R13r'  )
disp('10  Run-R14    Res_Run_R14'   )
disp('11  Run-R14x   Res_Run_R14x'  )
disp('12  Run-R14r   Res_Run_R14r'  )
disp('13  Run-R123   Res_Run_R123'  )
disp('14  Run-R123x  Res_Run_R123x' )
disp('15  Run-R123r  Res_Run_R123r' )
disp('16  Run-R124   Res_Run_R124'  )
disp('17  Run-R124x  Res_Run_R124x' )
disp('18  Run-R124r  Res_Run_R124r' )
disp('19  Run-R134   Res_Run_R134'  )
disp('20  Run-R134x  Res_Run_R134x' )
disp('21  Run-R134r  Res_Run_R134r' )
disp('22  Run-R1234  Res_Run_R1234' )
disp('23  Run-R1234x Res_Run_R1234x')
disp('24  Run-R1234r Res_Run_R1234r')
type=input('Enter the Code=       ');

Program Snap Shot “Selecting the rule code”
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2.1.3. Computation of the process parameters 
and charts limits: In this subsection, the 
program computes the new process standard 
deviation and the new mean where the process is 
expected to shift based on the value of the 
process mean, standard deviation, standardized 
shift value (δ) and standard deviation ratio (λ). 
In addition, some flags that will be used in the 
following parts of the program are set to zero. 
This is shown as follows:
stdev0 =sqrt(va);
me1=me0+SSV*(stdev0/sqrt(n));
stdev1=stdev0/SDR;
av1  =me0;
av2  =stdev0*d2;
reject=0;
warning =0;
warning1=0;
warning2=0;
warning3=0;

warning4=0;
warning5=0;
warning6=0;
warning7=0;
warning8=0

warning11=0;
warning12=0;
warning13=0;
warning9=0;
warning10=0;

Program Snap Shot “Computation of the 
process parameters”

Also, included in this subsection is the 
computation of the control, warning, and one-
sigma limits for both x and R control charts with 
a non negative constraints on the lower limits in 
the R chart. This is shown as follows: 
UCLX  =(av1)+3*stdev0/sqrt(n);
LCLX  =(av1)-3*stdev0/sqrt(n);
UWLX  =(av1)+2*stdev0/sqrt(n);
LWLX  =(av1)-2*stdev0/sqrt(n);
UOLX  =(av1)+1*stdev0/sqrt(n);
LOLX  =(av1)-1*stdev0/sqrt(n);

Program Snap Shot “Computation ofx 
limits”

2.1.4. Generation of random number and 
sampling: This subsection is concerned by the 
generation of random numbers that follows 
normal distribution with specified process mean 
(µ1) and standard division (σ1) to simulate the 
real production process. After accumulation of 
(n) generated units called sample,  the program 
compute the mean and range for that sample and 
plot it on subsequent chart and so on until an out 
of control signal occurs. At this point, the 
program breaks and calculates the average run 
length (ARL) and then the program starts again 
with a new trial. 

UCLR   =(av2)+3*d3*stdev0;
LCLR   =(av2)-3*d3*stdev0;
UWLR   =(av2)+2*d3*stdev0;
LWLR   =(av2)-2*d3*stdev0;
UOLR   =(av2)+1*d3*stdev0;
LOLR   =(av2)-1*d3*stdev0;
    if LCLR<=0;
       LCLR =0;
    end
    if LWLR<=0;
       LWLR =0;
    end
    if LWLR<=0;
       LWLR =0;
    end

Program Snap Shot “Computation of R-chart 
limits”

trial=0;
    r=1;     
while r<=re
loop_flag=1;
trial=1;
good_flag=0;
false_flag=0;
good_flag2=0;
false_flag2=0;
good_flag3=0;
false_flag3=0;
good_flag4=0;
false_flag4=0;
good_flag5=0;
false_flag5=0; 
good_flag6=0;

false_flag6=0;
good_flag7=0;
false_flag7=0;
good_flag8=0;
false_flag8=0;
good_flag9=0;
false_flag9=0;
good_flag10=0;
false_flag10=0;
good_flag11=0;
false_flag11=0;
good_flag12=0;
false_flag12=0;

while loop_flag==1
data   = me1 + stdev1 * randn(1,n);
[a b]=size(data);
  for i=1:a
    s(i)=sum(data(i,1:b));
    x_bar(i)=s(i)/(b);
  end
    x_bar=x_bar';
    data(b+1)=x_bar;
    x  =max(data(i,1:b));
    y  =min(data(i,1:b));
    r_bar=x-y;
    data(b+2)=r_bar;

Program Snap Shot “Random sample 
generation”

2.1.5. Analysis of runs rules for control 
charts: These runs rules are rules added to 
increase the sensitivity on control charts [9]. The 
more rules used the more sensitive the chart will 
be to assignable causes. Also, the more rules 
used, the more false alarms (Type I errors) 
occur. The set of four rules below has been 
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found in practice to be a good balance of 
sensitivity and false alarm rate. The program 
will check the control chart and concluded that 
the process is out of control if any one or more 
of the runs rules are met. This implies that 
enough evidence has accumulated to make us 
virtually certain that there has been a shift in the 
process. The program of this subsection is split 
into four runs rules. The set of four rules has 
been found in practice to be a good balance of 
sensitivity and false alarm rate. The programs of 
these rules are as follows:
a) Rule 1: In this part, the program checks to 

see whether the computed mean and range 
of the generated samples satisfy rule one. 
That is whether or not the computed mean 
and range fall inside the three sigma limits 
of the subsequent chart ( x, R or x-R )

if 
type==1||type==2||type==4||type==5||ty
pe==7||type==8||type==10||type==11||ty
pe==13||type==14||type==16||type==17||
type==19||type==20||type==22||type==23
if    
(data(b+1)>=UCLX)||(data(b+1)<=LCLX);
    loop_flag=0;
    warning1=1;
    pause_flag=1 ;
else
    warning1=0;
end
end

Program Snap Shot “Rule 1- x chart”

If type==1||type==3||type==4||type= 
=6||type==7||type==9||type==10||type=
=12||type==13||type==15||type==16||ty
pe==18||type==19||type==21||type==22|
|type==24
If (data(b+2)>=UCLR)||(data(b+2)    
  <=LCLR);
    loop_flag=0;
    warning13=1;
    pause_flag=1 ;
else
    warning13=0;
end
end

Program Snap Shot “Rule 1-R chart”

b) Rule 2: In this part, the program checks to 
see whether the computed mean and range 
of the generated samples satisfy rule two. 
That is two out of three consecutive points 
fall outside the two-sigma warning limits but 
still inside the control limits, of the 
subsequent chart ( x, R or x-R ).

if 
type==4||type==5||type==13||type==14|| 
type==16||type==17||type==22||type==23
if (data(b+1)>UWLX);
    false_flag  = false_flag+1;
    good_flag   = 0;
else
    good_flag  = good_flag+1;
end
if good_flag>1
    false_flag=0;
end
if (false_flag==2 && good_flag<=1);
    loop_flag=0;
    warning=1;
    pause_flag=1 ;
else
    warning=0;
end
if (data(b+1)<LWLX);
    false_flag9  = false_flag9+1;
    good_flag9   = 0;
else
    good_flag9  = good_flag9+1;
end
if good_flag9>1
    false_flag9=0;
end
if false_flag9==2 && good_flag9<=1;
    loop_flag=0;
    warning9=1;
    pause_flag=1 ;
else
    warning9=0;
end
end

Program Snap Shot “Rule 2- x chart”

If type==4||type==6||type==9||type= 
=13||type==15||type==16||type==18||type
==22||type==24
If (data(b+2)>UWLR);
    false_flag2  = false_flag2+1;
    good_flag2   = 0;
else
    good_flag2  = good_flag2+1;
end
if good_flag2 >1
    false_flag2=0;
end
If false_flag2==2 && good_flag2<=1;
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    loop_flag=0;
    warning2=1;
    pause_flag=1 ;
else
    warning2=0;
end
if (data(b+2)<=LWLR);
    false_flag10  = false_flag10+1;
    good_flag10   = 0;
else
    good_flag10  = good_flag10+1;
end
if good_flag10>1
    false_flag10=0;
end
if false_flag10==2&&good_flag10<=1;
    loop_flag=0;
    warning10=1;
    pause_flag=1 ;
else
    warning10=0;
end
end

Program Snap Shot “Rule 2-R chart”

c) Rule 3: In this part, the program checks to 
see whether the computed mean and range 
of the generated samples satisfy rule three. 
That is four out of five consecutive points 
fall on the same side of the centre line and 
outside the one-sigma limits of the 
subsequent chart ( x, R or x-R ).

If 
type==7||type==8||type==13||type==14||
type==19||type==20||type==22||type==23
If (data(b+1)>UOLX)&&(UCLX>data(b+1)||  
data(b+1)>av1);
    false_flag3  = false_flag3+1;
    good_flag3=0;
else                 
    good_flag3  =  good_flag3+1;
If false_flag3==1
    good_flag3=0;
else
    good_flag3==2;
    false_flag3=0;
end  
end
If((false_flag3==4)&&(good_flag3<=1));
    loop_flag=0;
    warning3==1;
    pause_flag==1;
else
    warning3=0; 
end
If (data(b+1)<LOLX)&&(LCLX<data(b+1)||   

    data(b+1)<av1);
    false_flag11  = false_flag11+1;
    good_flag11=0;
else
    good_flag11  =  good_flag11+1;
If false_flag11==1
    good_flag11=0;
else
    good_flag11==2;
    false_flag11=0;
end
end
If 
((false_flag11==4)&&(good_flag11<=1));
    loop_flag=0;
    warning11==1;
    pause_flag==1;
else
    warning11=0;
end
end

Program Snap Shot “Rule 3- x chart “

If type==7||type==13||type==15||type==  
   19 ||type==21||type==22||type==24
If (data(b+2)>UOLR)&&(UCLR>data(b+2)|| 
data(b+2)>av2);
    false_flag4  = false_flag4+1;
    good_flag4=0;
else                 
    good_flag4  =  good_flag4+1;
If false_flag4==1
    good_flag4=0;
else
    good_flag4==2;
    false_flag4=0;
end  
end
If((false_flag4==4)&&(good_flag4<=1));
    loop_flag=0;
    warning4==1;
    pause_flag==1;
else
    warning4=0;
end
If (data(b+2)<LOLR)&&(LCLR<data(b+2)|| 
data(b+2)<av2);
    false_flag12  = false_flag12+1;
    good_flag12=0;
else
    good_flag12  =  good_flag12+1;
If false_flag12==1
    good_flag12=0;
else
    good_flag12==2;
    false_flag12=0;
end
end
If 
((false_flag12==4)&&(good_flag12<=1));
    loop_flag=0;
    warning12==1;
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    pause_flag==1;
else
    warning12=0;
end
end

Program Snap Shot “Rule 3-R chart “

d) Rule 4: In this section, the program checks 
to see whether the computed mean and 
range of the generated samples satisfy rule 
four. That is eight consecutive points fall on 
one side of the center line, of the subsequent 
chart ( x, R or x-R).

If type==10||type==11||type==16||type= 
   =17||type==19||type==20||type==22|| 
   type==23
If (data(b+1)>av1);
    false_flag5  = false_flag5+1;
    good_flag5   = 0;
else
    good_flag5  = good_flag5+1;
end
If good_flag5==1
    false_flag5=0;
end
If false_flag5==8   &&    
    good_flag5==0;
    loop_flag=0;
    warning5=1;
    pause_flag=1;
else
    warning5=0;
end
If (data(b+1)<av1);
    false_flag6  = false_flag6+1;
    good_flag6   = 0;
else
    good_flag6  = good_flag6+1;
end
If good_flag6==1
    false_flag6=0;
end
If false_flag6==8  &&   good_flag6==0;
    loop_flag=0;
    warning6=1;
    pause_flag=1 ;
else
    warning6=0;
end
end

Program Snap Shot “Rule 4- x chart”

If 
type==10||type==12||type==16||type==18|
|type==19||type==21||type==22||type==24
If (data(b+2)>av2);
    false_flag7  = false_flag7+1;
    good_flag7   = 0;

else
    good_flag7  = good_flag7+1;
end
If good_flag7==1
    false_flag7=0;
end
If false_flag7==8  &&   good_flag7==0;
    loop_flag=0;
    warning7=1;
    pause_flag=1 ;
else
    warning7=0;
end
If (data(b+2)<av2);
    false_flag8  = false_flag8+1;
    good_flag8   = 0;
else
    good_flag8  = good_flag8+1;
end
If good_flag8==1
    false_flag8=0;
end
If false_flag8==8 &&    good_flag8==0;
    loop_flag=0;
    warning8=1;
    pause_flag=1 ;
else
    warning8=0;
end
end
    pause_flag=0;
    trial=trial+1;
end

Program Snap Shot “Rule 4-R chart “

2.1.6. Computation of the ARL of control 
charts: For any random trial, whenever a 
subgroup mean or range does not fulfill the runs 
rules (no out of control signal achieved), the 
program continue and the subgroup number 
counter increased by (1) until an out of control 
signal occurs. At this point, the program breaks 
and calculates the ARL of this trial which is 
equal to the trial number (the number of times 
the program ran within this trial before it breaks) 
and also calculates the probability of the sample 
to fall outside the control limits which is equal to 
11-trial  number , and then the program starts 
again with a new trial, and the program continue 
the above steps. After all trials, (equal 5000, 
discussed later in section (2.2) have been done 
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the program computes the average of the ARLs 
of all trials. 

ARL(r)=trial;
pro(r)=1-1/trial;
A_ARL=(sum(ARL)/re);
r=r+1;
disp('ARL =    ')
disp(ARL)
disp('The probability of Sample 
outside CL:')
disp(pro)
disp('A_ARL =   ')
disp(A_ARL)
disp('The Type II error =   ')
disp(1- (1/A_ARL))
Program Snap Shot “Computation of the 

average run length”

2.1.7. Program end: When the program 
computes the average run length requested by 
the user, the program asks the user about 
whether he wants to continue using the program 
or stop there in the form:  select [1] for new 
rules combination and [0] for stop.

disp('select [1] for New Rules 
Combination and [0] for stop')
prog=input('prog=         ');
end

Program Snap Shot “Program end “

2.2.  Sample size determination

For any simulation program, it is required to run 
the program for sufficient time in order to 
increase its accuracy in predicting the process 
variables and simulate reality. To come to a 
decision on the sufficient number of random 
trials (simulation sample size), it is required to 
find the minimum simulation run time that can 
produce ARL values as close as possible to true 
the ARL values. The simulation is repeated at 
different values of random trials (500, 1000, 
2000, 5000, 10000, 12000, and 15,000). At each 
time, the ARL values were compared to the 
previous one until it was found that increasing the 
number of random trials did not change the 

values of   the ARL, i.e. the ARL value became 
approximately constant despite the change of the 
sample size.   As shown in Figure (l) below, this 
stabilization happens at simulation sample size 
equal to 5000. Increasing the number of random 
trials to 10,000 or 15,000 did not really change 
the ARL values but increased the run time 
dramatically. 

Figure 1. ARL at different sample size

2.3.  Simulation Model Validation 

This section compares the results of the 
simulation program with a literature study that 
used computed ARL values. The values of the 
x-chart ARL computed (with 5000 random 
trials) by the computer program presented in this 
paper are compared to thex chart output of the 
study of Palm [10] to ensure the program 
validity. As a check, the in-control ARL in our 
study was compared to those of Palm [10]. The 
computer simulation produces results that are 
very close to those of Palm [10] which is 
considered satisfactory due to that fact that both 
studies involve approximate approach to the 
computation of the ARL values. Thus the 
simulation program is validated. It is worth 
saying that λ will be fixed at value equal (1) and 
δ will take the value of (0, 0.3, 0.5. 1.5. 3). 
The output of the comparison is shown below in 
Table (2). 

Table 1. Comparison with Palm [10]
() 0.0 0.3 0.5 1.5 3.0

Palm 370.42 253.15 155.22 14.97 2.0
The 

Current 
Model

370.28 254 155.34 14.92 2.2

Palm’s study is only focusing on x chart. 
However, in this paper the computer simulation 
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program is utilized for the joint design of x and 
R-control charts to control both process mean 
and variability, and it can be used for each chart 
separately. 

3. Practitioners Table  

Table (2) below is computed using the 
simulation model presented in Section 2. Each 
cell in the table is a complete run (5000 trial) of 
the program. The Table is provided to be used 
by practitioners to specify the best combination 
of runs rules that will satisfy specific values for 
ARL0 and ARL1. The numerical example shown 
below will utilize Table (2) to identify the best 
combination of runs rules that will reduce both 
in control and out of control average run lengths. 
The first column of the table shows the different 
values of Standard Deviation Ratio () that takes 
the values 1, 0.9, 0.75, and 0.5, and for each 
value of (), there exists eight rows representing 
the different combinations of the utilized runs 
rule; and eight columns representing the 
different value of Standard Shift Values () that 
takes value of 0, 0.3, 0.5….3. The values in the 
Table represent the ARL values. It is worth 
saying that at =1 and δ=0, the computed values 
represent the ARL0. Finally, the values in 
Table(2) are computed at n =4, µ0 = 200, ơ0=6, 
however, they are valid for any values of µ0 and 
ơ0 using sample size of 4.

4. A Numerical Example 

Consider an industrial process where an 
electrochemical device is to be calibrated on a 
regular basis in order to ensure that it meets 
certain regulatory standards. Suppose that the 

device is currently being monitored using a 
combination of x and R control charts with a 
subgroup size of n=4 and the process mean and 
the process standard deviation are known to 
have µ0 =200, ơ0 = 6 (In-control process mean 
and standard deviation) at 5000 random trails. 
Assume that the expected standardized shift 
value (δ) = 0.3 and a standard deviation ratio 
(λ)= 0.75. The objective of applying the control 
chart scheme is to obtain an in-control ARL that 
is greater than 70 subgroups, with the maximum 
sensitivity. 

Solution: The maximum sensitivity means 
minimum out of control ARL, minimum ARL1 
and ARL0, >70. Running the program (looking at 
Table (2)), gives the following results shown in 
Table (3). Runs Rules R1,2 satisfy the objective 
requirements which minimum ARL1, i.e., the 
out-of-control average run length of the joint x 
and R-charts, while satisfying the constraint 
(ARL0, >70). 
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Table 2. ARLs Computations

Table 3. The Numerical Example

Rule ARLo ARL1
1 133.3535 12.3643
1,2 91.8247 9.5659
1,3 69.9733 10.2395
1,4 66.1994 11.1225
1,2,3 59.0077 8.6622
1,2,4 55.0646 9.0197
1,3,4 48.3023 9.6785
1,2,3,4 42.9305 8.4102

5. Conclusions 

At the end of this paper, the following 
conclusions can be drawn:
1. There exists a cut off value for the standard 

deviation ratio, above which changing the 
utilized runs rules from rule one (R1) alone, 
combination of rule one and two (R1,2) all  
the way till the combination of all the runs 
rules (R1,3 , R1,4 , R1,2,3 , R1,2,4 , R1,3,4 , 
R1,2.3.4 ) will not affect the sensitivity of 
the control charts to detect the process shift. 

Standardized Shift Values (δ)Stand. Dev. 
Ratio (λ)

Runs 
Rules

0.0 0.3 0.5 1.0 1.5 2.0 2.5 3
1 133.3535 114.123 89.3394 37.3496 15.0118 7.1248 4.204 2.9905
1,2 91.8247 74.2697 52.5741 18.9335 8.0587 4.6056 3.2881 2.6734
1,3 69.9733 55.365 39.8931 15.5191 7.6986 4.8992 3.6332 2.883
1,4 66.1994 49.1325 34.0294 14.477 8.5462 5.8196 4.0441 2.9891
1,2,3 59.0077 45.9572 32.6741 12.7054 6.4155 4.2055 3.1979 2.6621
1,2,4 55.0646 41.1687 28.2942 11.918 6.7758 4.4598 3.2761 2.67
1,3,4 48.3023 37.0291 25.7747 11.5769 6.8938 4.8231 3.6304 2.8766

1.0

1,2,3,4 42.9305 32.7685 22.9185 10.3196 6.0111 4.176 3.1953 2.661
1 47.0494 43.3565 37.4234 20.7733 10.8313 6.1036 3.9792 2.9694
1,2 33.5634 29.6565 24.528 12.7327 6.8486 4.3776 3.2498 2.6939
1,3 32.4759 28.4472 23.5382 12.3052 7.0031 4.7213 3.5581 2.8764
1,4 35.7154 30.8314 24.3163 12.8735 7.8433 5.3647 3.8499 2.9667
1,2,3 26.3812 23.1356 18.9213 10.065 5.9055 4.0925 3.198 2.682
1,2,4 27.961 23.9117 19.3477 10.1923 6.1985 4.2896 3.2412 2.6892
1,3,4 27.6599 24.0371 19.1533 10.4032 6.5299 4.6265 3.554 2.874

0.9

1,2,3,4 23.4322 20.2166 16.4081 9.0423 5.7267 4.0649 3.1884 2.677
1 12.9282 12.3643 11.7239 8.9843 6.4096 4.6685 3.535 2.8871
1,2 9.9295 9.5659 8.914 6.8335 5.0114 3.8409 3.1226 2.6877
1,3 10.695 10.2395 9.621 7.3474 5.4249 4.1423 3.3479 2.8197
1,4 11.5327 11.1225 10.4462 7.9813 5.907 4.4627 3.4976 2.88
1,2,3 9.0361 8.6622 8.1306 6.3012 4.7593 3.72 3.0987 2.6792
1,2,4 9.4408 9.0197 8.4699 6.5295 4.9231 3.8109 3.116 2.6826
1,3,4 10.2052 9.6785 9.0661 7.0198 5.2858 4.1335 3.3434 2.8266

0.75

1,2,3,4 8.7872 8.4102 7.8432 6.1195 4.7145 3.7151 3.0825 2.6691
1 3.3267 3.3081 3.2763 3.1502 2.9975 2.8198 2.6494 2.4832
1,2 3.1368 3.12 3.1018 3.0059 2.864 2.7119 2.5681 2.4339
1,3 3.2612 3.2463 3.2171 3.1278 2.96 2.7989 2.6271 2.4815
1,4 3.2986 3.2948 3.2646 3.1428 2.9889 2.8107 2.6378 2.4832
1,2,3 3.1092 3.1005 3.0789 2.9839 2.8541 2.7061 2.5626 2.431
1,2,4 3.1265 3.1133 3.092 2.9964 2.8584 2.7116 2.5613 2.4322
1,3,4 3.2504 3.2428 3.2148 3.1214 2.9511 2.7918 2.6253 2.4802

0.5

1,2,3,4 3.1059 3.0987 3.0754 2.9777 2.8475 2.706 2.5588 2.429
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In this case, the author of this paper 
recommends the use of the simplest 
combination of runs rules, i.e. use rule one 
(R1). However, for value of standard 
deviation ratio less than this cut off value, 
changing the utilized runs rules from rule 
one (R1) alone, combination of rule one and 
two (R1,2) all  the way till the combination 
of all the runs rules (R1,3 , R1,4, R1,2,3 , 
R1,2,4 , R1,3,4 , R1,2.3.4 ) will improve 
dramatically the sensitivity of the control 
charts to detect the process shift. This cut off 
value changes for different values of the 
corresponding standard shift value.

2.  There exists a cut off value for the standard 
shift value, above which changing the 
utilized runs rules from rule one (R1) alone, 
combination of rule one and two (R1,2) all  
the way till the combination of all the runs 
rules (R1,3; R1,4; R1,2,3; R1,2,4 R1,3,4; 
and R1,2,3,4 ) will not affect the sensitivity 
of the control charts to detect the process 
shift. In this case, the authors of this paper 
recommends the use of the simplest 
combination of runs rules, i.e. use rule one 
(R1). However, for value of standard 
deviation ratio less than this cut off value, 
changing the utilized runs rules from rule 
one (R1) alone, combination of rule one and 
two (R1,2) all  the way till the combination 
of all the runs rules (R1,3;  R1,4; R1,2,3;  
R1,2,4;  R1,3,4; and R1,2,3,4 ) will improve 
dramatically the sensitivity of the control 
charts to detect the process shift. This cut off 
value changes for different values of the 
corresponding standard deviation ratio.

3.  Despite the difficulties encountered for 
using MATLAB 7.0.1 workspace, the results 
obtained was very satisfactory. The Table 

provided to be used by practitioners to 
specify        the best combination of rules 
that will reduce both in control and out of 
control average run lengths and thus reduce 
chart errors.

4. The use of the program introduced in the 
paper is more beneficial at low values of 
process shift. This was the main objective of 
the paper to increase control chart 
sensitivity.
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Abstract 

Increasingly, more individuals are reliant on 
social networks in their daily lives.  A usability 
study has been conducted to assess the 
usefulness or rather specifically the helpfulness 
of the help features contained within Google+.  
The study performed testing on thirty 
participants, between the ages of 18 and 45, 
recruited from the university campus.  The 
usability study tested participants’ ability to 
locate help information and use the help 
information to perform specific Google+ tasks.  
The findings suggest that although the help 
information provided to the user is helpful, 
searching to locate the helpful information can 
be challenging.  The study results are discussed 
along with the identification of 
recommendations that provide guidance on how 
to make the help features and information even 
more helpful.  

1. Introduction 
Increasingly, more individuals are reliant on 

social networks in their daily lives.  Joining a 
social network such as Google+ is simple as a 
user merely makes an account online within 
minutes.  Since Google+ is very new as it began 
in June 2011, there is not much research on the 
usability on this new social network [3].  One 
month after Google+ launched, it  reported 25 
million users which was extreme growth for a 
social networking site considering that 
FaceBook took three years to reach 25 million 
users, Twitter two and a half years and MySpace 

two years.  Google on January 1, 2012 reported 
90 million users.  

A usability study has been conducted to 
assess the usefulness or rather specifically the 
helpfulness of the help features contained within 
Google+.  The study performed testing on thirty 
participants, between the ages of 18 and 45, 
recruited from the university campus consisting.  
Each participant was given general instructions 
and a pre-survey to determine their 
demographics and experience level with social 
networks. The usability study tested 
participants’ ability to locate help information 
and use the help information to perform specific 
Google+ tasks.  The average testing time for 
participants was 30 minutes. The participant 
during testing was under observation of the 
experimenter that maintained an observation log. 
The findings suggest that although the help 
information provided to the user is helpful, 
searching to locate the helpful information can 
be challenging.  A post-survey along with a 
debriefing session was conducted to gather 
additional feedback. The study results are 
discussed along with the identification of 
recommendations that provide guidance on how 
to make the help features and information even 
more helpful.  The paper concludes with 
directions for future research. 

2. Literature
Social media sites provide an avenue for 

individuals to collaborate which leverages 
information and knowledge for others [13].  
Social network sites are defined by the functions 
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permitted to the users of the community. By 
creating an individual user profile, the user may 
establish connections with others in the 
community and explore these connections as 
well as connections made by others in the 
system [1]. Kaplan and Haenlein [4] define 
social networks as a way for users to connect 
with each other through the creation of profiles 
containing personal information where friends 
can be invited to have access to the profiles.  On 
social networks, media can be shared with others 
from a user’s profile and emails and instant 
messaging features exist.  Furthermore, users 
can join groups where individuals have common 
interests.   

Google+ is a new social media site with 
over 90 million [3]. A fundamental usability 
method to acquire direct information on how 
people use technology and the challenges faced 
is usability testing [7]. Usability testing results 
in the discovery of mistakes that users make 
when using an interface [8]. Jakob Nielsen has 
been instrumental in providing heuristic 
guidelines for usable Web design [7, 8, 9 & 10].  
The area of usability is studied to develop Web 
sites that are navigable, consistent, appealing, 
clear, simple, and forgiving of user mistakes [2 
& 6]. User interface design recommendations 
became extended to user interfaces for the Web 
[5, 11 & 12]. 

3. Methodology 
A usability study was conducted because of 

the need for more social media literature and 
specifically Google+ as a more recent addition 
to social media options.   The usability study 
consisted of six steps involved in preparing and 
performing the usability study on social media 
networks, which included the following steps: 

1. Several tasks were identified to test as part 
of the study. The task consisted of having 
each participant search for help options and 
specific help categories.  Once the help 
option was located and the help category 
information found, the participant performed 

the task on a Google+ profile account which 
was set-up for the purposes of this study.  
Table 1 displays the three tasks that were 
tested.  

TABLE 1:  Tasks Tested in the Study

TASK 1:  Adding a Friend Using 
Documentation Categories under “Get 
Started with Google+” which is a section of 
Google+ where users can view different help 
categories to view help information posted 
by Google+ employees.

TASK 2:  Editing Your Profile Using the 
search bar under “Details” at the Google+ 
Help Page which is the same section studied 
in Task 1 except this task involves using the 
search bar to search for help information 
(versus using the help categories) posted by 
Google+ employees.

TASK 3:  Sending a Private Message 
Using the search bar under “Discuss” at the 
Google+ Help Page is the section of Google+ 
where anyone can post information as this 
section contains questions posted by users 
where a person doesn’t have to be an 
employee to post or to respond to a post.  

2. After each task was completed by the 
participant performing the table 1 tasks 
using the help information located, 
participants were asked to identify which 
key words were used to locate the proper 
help information and whether the navigation 
involved to access the information was 
performed with ease.  Participants also 
answered a question on how easy it was to 
perform the task using the help information 
found, if the help information was clearly 
stated and if the help information was 
useful.  Additional questions involved 
included the participant listing any 
recommendations for improvement to the 
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help section of Google+.  Each participant 
followed the steps outlined below:      

•Reading of the pretest instructions 
•Reading and signing of the informed 
consent form 
•Reading of the task instructions 
•Filling out a pre-test survey 
•Performing the tasks 
•Filling out the post-test survey 
•Debriefing 

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

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

•Pretest Instructions: General instructions were 
given to each participant to read prior to the 
start of the usability testing.  The 
instructions included a thank-you to the 
participant for being part of the study and 
study environment information such as the 
purpose of the session, risk level for the 
experiment, and steps that the participant 
will go through as part of the testing session. 

• Pre-Test Survey: The survey asked the 
participants to supply their background with 
familiarity with Facebook and use of help 
documentation on Facebook.  Also, the 
survey asked participants if they own a 
Google+ account along with their frequency 
of use of their account. Furthermore, 
questions of whether or not the help features 
within Google+ were used and which 
specific categories have been used were also 
asked.  Lastly, demographic information 
was collected on participants    regarding 
age range, ethnic background, 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 different help mechanisms 
within Google+ as well as to search on 
specific topics using the different help 
mechanisms.   

• Informed Consent Form: The form contains the 
agreement between the experimenter and the 
participant to be signed by both parties 
indicating 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 to include the length of time that 
different tasks took.  

• Post Test Survey: The survey contained a 
questionnaire for the participant to fill out 
upon completion of the usability test to gain 
additional input from the user on strengths, 
weaknesses and improvement areas with 
regard to the help documentation within 
Google+. 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 as 
well as to rank the different help 
mechanisms.  

5. Participants were recruited to perform the 
usability test. The participants consisted of 
undergraduate students from the university. 
The incentive provided to students was in 
the form of extra-credit points. However, it 
was strictly voluntary for participants to 
choose to participate or to not participate in 
the study. 

6. The testing of the 30 participants recruited 
was conducted in an office setting with only 
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the participant and the experimenter present. 
A desktop with an Internet connection was 
provided for the 30 participants to perform 
the study task. Regarding confidentiality, the 
data collected did not contain the names of 
the participants or any unique identifier of 

          the participants so that it cannot be linked to      
          a person’s name.

7. Analysis of the data collected during the study 
consisting of the experimenter form, pre-
survey, post-survey, and debriefing session 
was conducted to enable researchers to 
identify recommendations for usability 
improvements to Google+ and specifically 
with regard to the enhancing the value of the 
help mechanisms.  

4. Results
The results contain the pre-survey results, 

task results and post-survey results.  
Recommendations for improvement to enhance 
usability in the design of help mechanisms 
within Google+ were also identified.  

4.1 Pre-Survey Results

The first section of the Pre-Survey asked 
participants about their familiarity with 
Facebook.  The 30 participants that performed 
the usability study each noted that they have a 
Facebook account.  The participants reported 
that 73.3% login to Facebook daily with 20% 
login to Facebook three to four times a week and 
the remaining 6.7% login monthly.  Each 
participant has had their Facebook account for a 
period of time longer than six months.  The help 
section of Facebook has never been accessed by 
53.3% of the participants, is rarely accessed by 
43.3% of the participants and is often accessed 
by 3.3% of the participants.  Of the 
approximately 46.7% of participants that have 
used the help within Facebook, Table 2 displays 
the category of help information that was used 

and the number of participants that used each 
category.

 TABLE 2: Facebook Help Categories Used
Friends 7
Videos 7
Search 5
Credits 0

Account Security 6
Login & Password 6

Wall & Status Updates 5
Links 4

Notifications 5
Sign Up 5

Intellectual Property 0
Games & Apps 4

Notes 2
Location Services 5

Accessibility 0
Profile/Name 4

Warnings & Disabled 
Accounts 4

Groups 5
Questions 2

Like 5
Privacy 4

Reporting a Violation 0
Events 5
Mobile 6
Pages 3

    The next section of the Pre-Survey, asked 
participants about their familiarity with 
Google+.  Of the 30 participants involved in the 
study, 20% have Google+ accounts of their own.  
Of the participants that have accounts, 50% use 
their account weekly, 33.3% use their account 
monthly, 16.7% rarely use their account and 0% 
use their account daily.  Of the participants that 
have accounts, 66.7% have created their account 
less than six months ago and 33.3% created their 
account more than six months ago.  Only 16.7% 
which is only one participant stated that they 
have used the help but only rarely within 
Google+.  The categories that had been searched 
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on by this participant was circles, stream, 
privacy, photos and profiles.  All other 
participants have never used the help 
documentation within Google+.  The remaining 
Pre-Survey questions had to do with 
demographics.  The age breakdown of 
participants is displayed in Table 3.  All of the 

 TABLE 3:  Age Range of Participants

18-21 16
22-25 11
26-35 2
36-45 1

30 participants are current undergraduate 
students.  The ethnic background of the 
participants is identified in table 4.  Of the 30 
participants, 18 or 60% of the participants were 
males and 12 or 40% were females.

TABLE 4:  Ethnic Background of 
Participants

White/Caucasian 18

Indian 1
Hispanic 2

Arab 3
Chinese 1
Slovic 1

Multiracial 1
Black 2

Unknown (Did not specify) 1

4.2 Task Results 

In table 1, the tasks tested as part of the study 
were identified.  The usability testing results of 
the tasks participants performed are discussed 
within this section.  Table 5 displays the average 
and range time for each of the three tasks in 
terms of the time to locate within Google+ the 
help documentation on the specific topic using 
the requested help mechanism and also the time 

it took participants to perform the actual task 
following the help documentation located.

 TABLE 5:  Task Times

 
Task 
1

Task 
2

Task 
3

Average time 
to search for 
help 
documentation 4:35 :58 1:20
Range of time 
to search for 
help 
documentation

1:35-
12:00

:20-
3:21

:13-
5:24

Average time 
to perform the 
task 1:47 1:05 2:36

Range of time 
to perform the 
task

:17-
4:11

:12-
2:47

:21-
8:23

Table 6 displays how easy participants viewed 
searching for the help documentation on the 
topic for each task.  Table 7 displays how clearly 
worded the help documentation found was 
viewed by participants. Table 8 displays how 
useful participants viewed the help 
documentation found.  Table 9 displays how 
participants viewed the page layout of the help 
documentation.  Tables 10 – 12 displays a 
sample of the recommendations that were 
identified by participants on the different help 
features.  Task 1 had many recommendations 
listed but the other tasks had recommendations 
as well as positive comments regarding the help 
feature used for the specific task.
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TABLE 6: Ease to Locate Help 
Documentation

Difficulty Level
TASK 
1

TASK 
2

TASK 
3

Very Easy 0 7 2
Easy 8 19 10
Difficulty Level 10 4 15
Very Difficult 12 0 3

TABLE 7: Was the Documentation Worded 
Clearly

 
TASK 
1

TASK 
2

TASK 
3

Yes 12 24 9
No 18 6 21

TABLE 8: Was the Documentation Useful

 
TASK 
1

TASK 
2

TASK 
3

Yes 20 26 10
No 10 4 20

TABLE 9:  Did the Help Documentation have 
a Good Page Layout

 
TASK 
1

TASK 
2

TASK 
3

Yes 19 26 19
No 11 4 11

TABLE 10: Recommendations Identified by 
Participants for Task 1

Create more video tutorials.
Reword the topics to allow people to better 
understand what each means.
Have a link for friends instead of add people or 
pages.
Make it bold and larger font for it to be easier to 
recognize different categories.  
Have pictures with explanations.
Explain Google+ terminology, circles and other 
terms can be confusing to people who have 
never used it before.
"Get started with Google+" help section should 
be more basic, easier, and less wordy.
Make titles more clear.

TABLE 11: Recommendations Identified by 
Participants for Task 2

List more general options and as you click on 
them, more specific topics appear. (Like a drop 
down, hierarchy type).
Make the information more specific and worded 
better.
It had a nice layout and clear directions.
It just takes time to get used to.
Show the topic that people most often use at the 
top.
It was much easier than searching for the help 
yourself [in task 1].
Create a "Sort by" tab and a link to FAQ's.
It was very wordy and I feel like I have just 
entered documentation for assembling a P.C. 
rather than editing my profile.
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TABLE 12: Recommendations Identified by 
Participants for Task 3
Good layout, good search engine. Make 
Google+ easier to use as a whole.
Have links to the actual help documentation 
provided by Google+ instead of just discussion 
blogs.
It seemed fine to me.
Make the documentation and layout more clear 
and add more visible buttons.
The discussions weren't very helpful because 
random people were answering them.
Only let actual Google+ employees/techs edit 
and give feedback.
Show a "top answer".
Not everyone is correct and it wastes too much 
time reading what others say. I want to know 
that the info I am getting is accurate without 
having to try different peoples suggestions to get 
my answer.

4.2 Post-Survey Results

The participants as part of the post-survey 
were asked to rank the different types of help 
features.  Table 13 displays the results of the 
ranking exercise.  Participants ranked the search 
bar tasks which were task 1 and 2 higher than 
task 1 where participants had to scroll on a site 
to try to find the help category best suited for 
their needs.  Task 2 was preferred however over 
task 3 even though both utilized search bars.  
The difference between task 2 and task 3 was 
that task 2 was to use a search bar to search for 
help documentation posted by Google 
employees whereas task 3 was to use a search 
bar to search for help documentation posted by 
anyone where any person could post or respond 
to a post.  Participants had an opportunity on the 
post-survey to list out any additional comments 
regarding the different help features.  Some of 
the comments are additional recommendations.  
A sample of the responses collected is displayed 
in Table 14.

TABLE 13: Ranking of Help Features Used 
for the Different Tasks

TASK RANK

TASK 1 3
TASK 2 1
TASK 3 2

TABLE 14: Participants Comments 

The first task (Adding a friend) was difficult and 
would be easier if there was an "add friend" 
button instead of "add a circle".
Instead of icons, have words directing you on 
how to get to certain places. The links with other 
features of google (Calendar, Maps, etc.) are 
placed in a confusing spot. They should be on a 
side panel.
The Google+ help documentation was very 
confusing and wordy. Unlike Facebook, 
Google+ is for people who have a prior 
experience in trouble shooting or computers in 
general.
It would be easier and faster to just try to figure 
it out than use the help. It was difficult to notice 
where or what to do.
It was very hard to navigate. It is user friendly to 
people who are familiar with the site but it is 
hard to learn.
Improve the discuss search bar by having the 
whole conversation on a topic appear on a page 
instead of having to open each reply 
individually.
The help options need to be more specific and 
the categories more recognizable.
"My account" is set up okay. It's really hard to 
figure out how to navigate through the site. The 
help section didn't help at all.

5. Summary and Future research
The findings of the usability study suggest 

that although Google+ is growing in popularity 
at a faster rate than other popular social media 
sites, the help documentation needs 
improvement [3].  The terminology used by 
Google+ differs from terminology utilized by 
other social media sites.  Future research of 



Proceedings of the 2012 IEMS Conference

67

Google+ will be to prototype recommendations 
by participants of the current study and to 
evaluate the prototype from a usability 
perspective to determine if the design 
recommendations achieve a higher degree of 
usability.   Another area of future research is to 
determine if user’s mental model of other social 
media sites such as FaceBook influences their 
expectation of how Google+ should be designed.  
A mental model is the way a user expects a 
system to behave which is based on their 
previous experience with similar systems.  Since 
FaceBook or other social media sites are 
popular, it is an area of interest to study to 
determine if a new social media site’s perceived 
usability is dependent on how much the design 
is similar and different to an already existing 
popular social media site.  Overall, the usability 
study provided insight to the researchers on 
areas of improvement that would be desired in 
Google+ by potential users.  
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 Abstract 

This paper discusses various virtual reality 
applications in assembly simulation. It identifies 
requirements for a successful assembly 
simulation environment, and outlines the 
technical issues that may hinder the 
implementation of such environments. The 
paper concludes by outlining possible directions 
for future research in using virtual reality for 
assembly simulation. 

1. Introduction 
Globalization of markets places increased 

emphasis on product and process validation and 
requires efficient and effective product design 
changes [1]. Assembly operations are a key 
component in modern manufacturing systems 
and assembly processes have a direct influence 
on product quality, time to market and cost; thus 
they require special validation [2]. Assembly 
process validation includes: 1) Can a human 
operator assemble the part or component, 2) can 
a human operator disassemble the part or 
component for maintenance, 3) the difficulty of 
the assembly/disassembly process, and 4) the 
time it takes [3].

Virtual Reality (VR), known also as Virtual 
Environments (VEs), is an advanced human-
computer interaction system that utilizes a wide 
range of human inputs, such as voice and 
movement tracking, and produces even a wider 
range of outputs such as advanced graphics, 
auditory, and haptics [3]. VEs provide synthetic, 
interactive, and illusory environment; thus they 

provide “a coordinated presentation of sensory 
information mimicking that of a physical 
environment” [4]. They have applications in 
various areas such as manufacturing, training, 
defense, etc. (see [5]).

This paper describes two theoretical 
conceptual models for VR applications in 
assembly process simulation. The models can be 
used to identify the requirements for a successful 
assembly simulation environment, and outline 
the technical issues that may hinder the 
implementation of such environments. After 
that, possible directions for future research are 
identified.

2. Background 
Assembly simulation deals with modeling the 

steps and sequences involved in product 
assembly [2]. Several authors developed 
assembly simulation environments, including:
 Disassembly reasoning [6]: This paper 

discusses disassembly process generation of 
a product using VR, where 1) a Computer-
Aided Design (CAD) model is used to 
generate the virtual prototype product 
model, and 2) an automated reasoning 
technique are used to generate the 
disassembly process model. The automated 
reasoning system creates a range of feasible 
directions of component removal that can 
facilitate the disassembly process.

 Assembly/maintenance verification [3]: This 
paper discusses using VR to verify assembly 
and maintenance operations in vehicle 



Proceedings of the 2012 IEMS Conference

69

prototyping, the authors discuss CAD-VR 
data integration and identify how can 
engineers and designers interact with the 
prototype naturally. 

 Assembly design [7]: This paper presents a 
VE for assembly design. The Virtual 
Assembly Design Environment (VADE) 
allows for manipulating multiple parts 
efficiently for assembly evaluation. The 
authors indicate that constrained motion and 
dynamic simulation aid in evaluating 
assembly operations.

 Immersive virtual assembly [8]: This paper 
discusses a Multi-modal Immersive Virtual 
Assembly System (MIVAS). The authors 
view the VR assembly system as a finite 
state machine, and incorporate different 
tracking devices and input/output hardware 
to enable optimal interaction with complex 
assembly models. 
Several authors provided reviews for VR 

applications in assembly simulation, such as [2], 
[9], [10], and [11]. This paper addresses three 
main objectives:

1) Development of a conceptual model of 
types of VEs in assembly simulation

2) Development of a conceptual model of 
VR system structures to meet assembly 
simulation requirements

3) Identification of possible directions for 
future research in assembly simulations  

3. Method
More than 35 papers dealing with VR and 

VEs in assembly simulation, including review 
papers, were analyzed. Based on the analysis, 
two conceptual models were constructed. The 
first conceptual model describes the objectives 
for different assembly simulation VEs. The 
second conceptual model describes the VR 
considerations that are relevant to assembly 
simulation. Models 1 and 2 were used to identify 

directions for  future research in assembly 
simulation VRs and VEs. 

4. Results

4.1. Model 1: VE assembly environments

The first theoretical conceptual model 
describes 10 VEs used in assembly simulation, 
see Figure 1. The model consists of two main 
parts:
 Assembly simulation objectives
 VE features

The VEs illustrated in Model 1 are:
1) V-shop [12]
2) Virtual Environment for Design for 

assembly Analysis (VEDA), [13]
3) CODY Virtual Constructor [14]
4) Virtual Assembly Design Environment 

(VADE), [7], [15]
5) DYNAMO Virtual Assembly [16]
6) Multi-modal Immersive Virtual Assembly 

System (MIVAS), [8]
7) System for Haptic Assembly and Realistic 

Prototyping (SHARP), [17]
8) Immersive Virtual Assembly Planning and 

Training System (I-VAPTS), [18]
9) Virtual Assembly Platform (VAP), [19]
10) Virtual Assembly Process Planning 

Environment (VAPPE), [20]
Assembly simulation has several objectives 

including (see Figure 1): Assembly simulation, 
assembly/disassembly planning, design for 
assembly analysis, tolerance analysis, optimal 
component sequencing,  assembly process 
verification, assembly process visualization, 
assembly process training, interference analysis,  
kinematic analysis, and maintainability analysis.

Some features in assembly simulation VEs 
include: (see Figure 1): Virtual objects motion, 
interactivity, integration with CAD, feature 
mating, collision detection and snapping, 
proximity snapping, constraint and physical-
based modeling, and gravity-based motion.
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Figure 1. VE assembly environments

4.2. Model 2: Assembly simulation VR 
characteristics

The second theoretical conceptual model 
describes VR systems for assembly simulation, 
see Figure 2. The model has four components:
 Input/output configuration
 Type of VR system
 CAD data integration
 Assembly task performance measurement

Assembly simulation VRs have used 
different inputs and outputs (see Figure 2). VR 
inputs include: Direct manipulation (e.g., data or 
instrumented glove, mouse, space (3D) mouse, 
wand, and haptic devices), voice interfaces, and 
tracking [2]. VR outputs include: Visual (e.g., 
2D display, stereoscopic display, and visual 
feedback ), auditory (e.g., 3D sounds, and 

auditory feedback), and haptics (e.g., force 
feedback). 

There are three main types of VR assembly 
simulation configurations (see Figure 1): PC-
based, projection-based, and head-mounted 
display.  PC-based assembly simulation VRs 
include [12], [13], [14], [15], [16], [17], [19], 
[20], [21], [22], [23], [24], [25], [26], [27], and  
[28]. Projection-based assembly simulation VRs 
include [17], [18], [29], and [30]. Head-mounted 
display assembly simulation VRs include [7], 
[9], [17], [18]; [23], [31], [32], [33], and [34]. 
Duplication in references is a result of papers 
dealing with more than one VR system. 

Several authors addressed integrating CAD 
data in assembly simulation VRs (see Figure 2) 
include [22], [23], [24], [26], [35], [36], and 
[37]. CAD data integration takes into 



Proceedings of the 2012 IEMS Conference

71

consideration geometry information, topology 
information, assembly information, and 
constraints. Assembly task performance was 

assessed used a combination of measures (see 
Figure 2) that include: Accuracy, time, cost, 
methods analysis, and ergonomic evaluation. 

Figure 2. Assembly simulation VR characteristics

5. Discussion and Conclusions
The developed theoretical conceptual models 

provide an assessment of the current-state-of-
the-art in assembly simulation VRs and VEs. 
From the first conceptual model (see Figure 1),  
assembly simulation was the most heavily 
addressed objective in VEs. This objective was 
followed by assembly/disassembly planning, 
design for assembly analysis, and assembly 
process training. The underexplored objectives 
include tolerance analysis, optimal component 
sequencing, assembly process verification and 
visualization, interference analysis, kinematic 
analysis, and maintainability analysis. In 
addition, the first conceptual model indicates 

that virtual object motion and interactivity 
constitute the most common features of 
assembly simulation VEs, whereas physical-
based modeling and gravity-based motion are 
underexplored features. 

From the second conceptual model (see 
Figure 2), 14% of assembly VRs are projection-
based, 55% are PC-based, and 31% used head-
mounted display. In addition, only 7 papers 
addressed integrating CAD data with assembly 
simulation VRs. 

The findings in this paper extend a recent 
review by Seth et al. in 2011 [2] by providing 
practitioners with two conceptual models for 
assembly simulation VRs and VEs. Based on the 
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developed conceptual models, future directions 
in assembly simulation VRs and VEs include:
 Natural object interaction and manipulation
 Natural object representation
 Assembly representation
 Realistic Part Motion
 2-way real-time integration with CAD data
 Realistic assembly simulation
 Effective assembly training
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 Abstract 

Today’s electronics provide many automated 
tasks and functionalities in homes and 
businesses. The paper discusses examples of 
student projects in the electrical engineering 
technology (EET) program with a focus on 
automated functionalities. These functionalities 
are either programmable and/or built-in.  

1. Introduction: Projects in EET 
Program 

Projects in engineering programs from the 
beginning of engineering education play an 
important role in developing vital skills in 
students. Either individual or team-based project 
work is designed to develop professional skills 
in areas such as analytical reasoning, problem 
solving, project management, communication, 
and mastering the design process. These skills 
are to be mastered in addition to the students’ 
respective engineering major subject matter. The 
importance of project work throughout 
engineering programs is reflected in 
requirements articulated by accreditation 
organizations such as ABET [1]. In ABET 
formulated EET program objectives it is 
expected that:

“An accreditable program in 
Electrical/Electronic(s) Engineering Technology 
will prepare graduates with the technical and 
managerial skills necessary to enter careers in 
the design, application, installation, 
manufacturing, operation and/or maintenance of 
electrical/electronic(s) systems. Graduates of 

associate degree programs typically have 
strengths in the building, testing, operation, and 
maintenance of existing electrical systems, 
whereas baccalaureate degree graduates are well 
prepared for development and implementation of 
electrical/electronic(s) systems,” [1] and as far 
as EET program outcomes, now called student 
outcomes are concerned: 

“Graduates of associate degree programs 
must demonstrate knowledge and hands-on 
competence appropriate to the goals of the 
program in: the application of circuit analysis 
and design, computer programming, associated 
software, analog and digital electronics, and 
microcomputers, and engineering standards to 
the building, testing, operation, and maintenance 
of electrical/electronic(s) systems. the 
applications of physics or chemistry to 
electrical/electronic(s) circuits in a rigorous 
mathematical environment at or above the level 
of algebra and trigonometry.” [1]

2. Design Process: Examples of Student 
Projects 

Students in the electrical engineering 
technology program, associate of science degree 
at Penn State University have to complete 
project work in a variety of courses: electrical 
circuits, digital electronics, microprocessors, 
PLC, electrical machinery, and op-amp and 
semiconductor devices. While doing project 
work either individually or in team based 
environment students go through the complete 
design process cycle: 

 Problem Formulation
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o Students either select their own 
topics for projects and pursue 
them upon instructor approval 
or are given general 
specifications to be met, 
depending on the course. In the 
microprocessor class, students 
select their own topics usually 
related to some type of control. 
In the PLC course, the mid-
semester projects are chosen by 
the students and subject to 
instructor approval.  The final 
projects have to include one of 
the electrical machines in the 
class and perform to given 
motion profile specifications. 
[2]

  Devise a Solution

o In the microprocessor 
programming class, the design 
step involves creating flow 
charts for sequential processing 
to be implemented in assembly 
language (Motorola 68HC12 [3] 
or similar platform); designing 
interfacing circuitry.  In the 
PLC and semiconductor devices 
classes this stage includes 
development of hard-wired 
control diagrams and wiring 
schematics, PLC ladder logic, 
simulations of microprocessor 
programs, and PSPICE 
simulations of electrical circuits.

 Implementation

o In the microprocessor class, 
implementation involves 
downloading the program to the 
microcontroller board, PLC, 
actual building of electrical 

interfacing circuits, 
programming, and wiring 
overall systems. 

 Troubleshooting/Performance Check

o De-bugging using specific 
subject related 
techniques/methods. 

The projects design and implementations in 
either individual or team based settings were of 
various duration depending on the course. The 
final projects in the PLC, microprocessors, and 
semiconductor devices courses usually lasted 
four weeks in duration. The middle of semester 
projects in the PLC class are one week in 
duration.

The EET program requires a course on 
Engineering Design, which covers the 
engineering design process and CAD software. 
Therefore, project work in various EET courses 
reinforce the knowledge and give students 
opportunity to learn vital skills related to all 
stages of the engineering design process. 

Topical Examples of Student Projects in:
 Op-Amp & Semiconductor Devices 

course (final projects)
The projects incorporated transistor circuits, 

photo-optical devices, op-amp circuits, 
controlled switching devices such as SCRs, 
oscillators, etc. Specific topics included: 
- Flasher to Siren
- White Noise Generator
- Crane Safety Alarm
- Light-Triggered Transmitter
- Static Sensor
- Car Alarm Flasher
- LED Flasher using Two BJT Amplifiers
- Photo-Optical Counting System
- Ultrasonic Vehicle Positioning Device
- Fading LED Circuit

- JFET Current Regulator
- Xenon Strobe Light Kit 
- Sound Activated  Transistor Switch
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- Dark on Auto Nightlight
- Two Transistors Flasher
- Motion Detector
- Tremolo Effect Pedal
- Wheel of Fortune Simulator
- Light Operating Relay Circuit
- LED Display Battery Voltage Indicator 

 Embedded Microcontrollers (final 
projects):

The design work and implementation were 
performed using the Motorola 68HC12 
microcontroller (Axiom Manufacturing, Inc. 
[3]). Specific topics included:

- Manufacturing Assembly Line
- Limited Slip Differential Car Control
- Street Traffic Stop Light
- Home Environmental Control
- Car Traction Control
- Transmission Line Communication Test
- AC Chiller Control 
- Automatic Temperature Control

 PLC course Projects were executed 
for Allen Bradley PLCs. 

Middle of semester projects:

- Multipurpose System for Unloading of 
Bulk Material from Railway
- Traffic Light Controller
- Belt Drive System Circuit
- Overhead Hoist Controller
- Delayed Motor Start with Audible Alarm
- Dead Zone Jogging Motor Controller
- Temperature Control
- Car Alarm System
- Single Button Unlock
- Garage Door Opener

For final projects students designed, 
programmed, built overall systems to 
automatically control DC Motors, One-Phase 
AC Motors, and Three-Phase Motor Controls. 

The projects had to meet specifications for 
motion control that included jogging, 
forward/reverse, emergency stop, etc. Students 
were limited to four weeks to finish the projects.

3. Examples of Student Projects in 
More Detail 

Ultrasonic Vehicle Positioning Device
EET student Gene Illian programmed and 

built a microprocessor (Basic Stamp 
microcontroller [4]) based system to measure the 
distance from an obstacle using an ultrasonic 
sensor. The sensor emits pulses of sound and 
based on the echo from the object the 
microprocessor calculates the distance. The 
system was somewhat sensitive to temperature 
variation as reported by Gene. Programming and 
debugging of the system was performed using 
the manufacturer provided software platform, 
which was a Basic–like programming language. 
See figure 1.

Tremolo Effect Pedal
Another EET student Dan Garbutt has 

selected to build a device, “Tremolo Effect,” 
which adds audio effects to an electric guitar 
signal through modulation of the amplitude or 
volume, while keeping the frequency of the 
signal unchanged. The device circuit modulated 
the original signal by adding and subtracting 
equal but opposite frequencies equal to the set 
rate.

Multi-Purpose Bulk Material Unloading and 
Tran-shipment Controller

For the PLC middle of semester project EET 
student Jason Hazuda selected to design, 
program, and build a system for bulk material 
handling which may include unloading, 
transshipment of bulk material such as those 
utilized in the mining, chemical, and 
transportation industries. The system 
incorporated sensory devices to alert the system 
about proper positioning of the delivery vehicle, 
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train car, and programmable delays to allow for 
emptying of material from conveyors. A manual 
override control feature was built-in.

Power Grid Transmission Line Signal Test
Another EET student Katy Hower chose to 

build a microprocessor based system for 
automated testing of communication through 
transmission lines used by utilities companies to 
ensure good operational status. Power 
companies use radio signals over transmission 
lines for communication. The automated system 
proposed by Katy allows for periodic checking 
of communications to ensure proper operations. 

AC Chiller Control 
An automated system developed by Ross 

Sheffler was designed to control an AC water 
chilled compressor unit. The system comprised 
of two compressors, cooling fans, and 
evaporator pumps all of which needed to operate 
in an efficient way. The controller monitored the 
water flow, water temperature and Freon 
pressure from various components. 

Guitar Amplifier
Shane Tressler built a multistage guitar 

amplifier with audio effects. See figure 2.
 
Photo-Optical Counter
In the semiconductor devices course Mike 

Ross designed and built an automated counter.  
This counter tracked the number of “widgets” as 
they are fed down a chute into a box for 
shipping. The system can be applied to any 
inventory and shipping control in a variety of 
industries. The system is comprised of a 
regulated power supply, a photo-optical detector 
for objects detection, counter sub-system with 
16V8 PLD, which counts the signals from the 
detector, and an additional sub-system that 
signals an external controlling process on count 
reaching thresholds, etc. See figures 3&4.

PLC Controlled Pallet Transport w/ Robot 
Work Station System

As a middle-semester PLC project, EET 
student Tom Steiner  designed and programmed 
the automated pallet transport system with a one 
robot work station. The robot work station is 
activated for completion of the scheduled work 
when pallets arrive and repeats its operation with 
pallet dismissal and arrival of the new one. 
Manual control is incorporated for emergency 
override operations.

Delayed Motor Start with Audible Alarm
For the middle of semester PLC project EET 

student Mark Szymkiewicz undertook the 
technical topic of automated response of a motor 
starter with the introduction of a delay upon 
varying starting or overloading conditions.

3-Phase Motor Control
Subject of PLC final project for Zach 

Rockwell was automated control of a 3-phase 
induction motor. The motor was supposed to 
follow strict motion control requirements for 
sequential operation. Manual control for 
jogging, start, stop, emergency stop, stop of the 
sequence, resume of sequence were to be 
incorporated. See figure 5.

4. Conclusion 
The objective of the paper was to share 

experiences of the EET instructor regarding 
student project work. Engineering students have 
to obtain required skills from work within the 
educational curriculum. The engineering 
technology programs are laboratory intensive 
curricula where students perform plenty of 
individual and team based activities. Equipped 
with vital technical skills, EET students 
successfully face today’s difficult job market. 
Industrial automation is one area where 
engineering technology students encounter 
bright opportunities which validates the current 
EET program curriculum and focus. 
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Appendix

Figure 1. BASICSTAMP Microcontroller circuit. 
Ultrasonic Vehicle Positioning Device.

Figure 2. Multistage guitar amplifier.

Figure 3. Photo-Optical Parts Counter – Pictorial 
Representation.
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Figure 4. Electrical Diagram: Detector, Schmitt 
Trigger, Timer 555, GAL 16V8 as BCD counter, etc.

Figure 5. Hard-wired PLC Control Diagram.
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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 
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.
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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 number 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 
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:
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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 
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 
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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 
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 
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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 

Locating 

(GPS)

- Yes Yes -

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

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.
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     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 

Supply Chain Management (SCM) is a very 
important part of creating and maintaining a 
successful business. SCM is the process of 
planning and controlling all operations of the 
supply chain as efficiently as possible. Strategic 
activities can include: network optimization; 
partnerships with suppliers, distributors, and 
customers; product design coordination; IT 
infrastructure; and aligning organizational 
strategy with supply strategy. Most of the time, 
companies are not starting from scratch because 
it started as a small company that is gradually 
expanding and they need to know where to place 
their next facility. In this case, there are several 
models that can be used to aid this 
determination. These models take into account 
the factors that the company is interested in 
meeting customer demand while minimizing 
costs. Demand is self-explanatory, while costs 
can include anything from inventory cost to fuel 
and transportation costs. This paper analyzes the 
placement of distribution centers of an existing 
company using the Center of Gravity method. 
This model simplifies everything and uses the 
current locations and demands to come up with a 
location for each distribution center. The results 
produced from the model are compared to the 
actual locations and the differences are 
presented, discussed, and justified.

1. Introduction 
Supply Chain Management (SCM) is a 

process in which all operations of the supply 
chain are planned and controlled as efficiently as 
possible. There are many SCM models that exist 
in order to help understand what is required to 
move materials across functional and 
organizational boundaries. Some examples of 
these models include the SCOR (Supply Chain 
Operations Research) model, which is promoted 
by the Supply Chain Management Council and 
the SCM model, which is promoted by the 
Global Supply Chain Forum. These models both 
take a look at the entire supply chain to include 
areas such as strategic activities, tactical 
activities, and operational activities. Although 
very successful companies tend to fare well in 
all of these categories, the focus tends to fall into 
strategic activities since they are the most 
visible.

Strategic activities can include the following:
 Network optimization

o Number of warehouses, distribution 
centers, and facilities

o Location of warehouses, distribution 
centers, and facilities

 Partnerships with suppliers, distributors, and 
customers

 Product design coordination
 IT infrastructure
 Aligning organizational strategy with supply 

strategy
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In order to successfully manage the supply 
chain, these individual activities must be broken 
down into manageable problems that can be 
linked together in the end. Taking one small 
piece of the SCM system such as Network 
Optimization can turn into a very large problem 
depending on the size of the company and from 
what level someone is starting. Starting level 
describes whether someone is starting from 
scratch or someone has existing facilities and 
wishes to place more in the proper place. Most 
of the time, companies are not starting from 
scratch because it started as a small company 
that is gradually expanding and they need to 
know where to place their next facility. 

There are several models available that can 
be used determine where to place the next 
facility. These models consider the factors that 
are important to the company such as meeting 
customer demand while minimizing costs. These 
costs can include anything from inventory cost 
to fuel and transportation costs.  

In this paper, placement of distribution 
centers of an existing company is studied using 
the Center of Gravity method [1]. In this method 
everything is simplified. Current location and 
demand are used to come up with a new location 
for each distribution center. This method 
neglects several factors to come up with the 
desired solution which are discussed later in this 
paper. The results obtained are compared to the 
actual locations and the differences if any are 
discussed and justified.

2. Background
Supply chain management models and 

approaches are presented and discussed by Hopp 
and Spearman [1]. The relocation of distribution 
facility from supply chain perspectives using a 
physical programming approach and the 
logistics of facility location and allocation have 
been studied [2-3]. Information sharing in a two 
level supply chain and facility acquisition and 
location analysis was discussed [4-5]. Supply 

chain operations, facilities locations, and the 
center of gravity method were presented and 
discussed by several authors [1, 6-8]. New 
trends in public facility location and capacity 
acquisition were studied [9-10]. Several supply 
chain models and methods are presented and 
discussed [11]. Link length minimization 
algorithms were developed [12]. Facility 
location models with the presence of barriers to 
travel have been developed and discussed [13].

This paper uses the center of gravity method 
to determine ideal locations (longitude and 
latitude) for the existing distribution centers in 
eight different cities in the United States and 
compares with the current locations (longitude 
and latitude).  The linear distances (difference 
between the current location and the ideal 
location) are calculated, presented, discussed, 
and justified.

3. Methodology  
Solving the problem of where to place 

distribution centers and facilities can be done in 
a number of ways, from simple to very complex. 
Very complex ways include such methods as 
linear programming, which can consider any 
number of constraints while trying to minimize a 
cost function or maximize a customer service 
function. This method can turn into a very 
lengthy problem and will require the use of 
linear programming software in order to solve 
the problem. A much simpler method, which 
does not involve the use of constraints, is the 
center of gravity method. In simple terms, it 
weighs existing facilities and determines a 
geographic center. This geographic center 
represents the ideal location for a distribution 
center that will minimize transportation cost. 
The derivation of the center of gravity method is 
detailed below.

Following a physics derivation of system that 
is governed by internal and external forces, the 
total momentum for a system is given by:
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                      (1) 

where: M is the total mass and cmv is the 

velocity of the center of mass. Referring to 
Newton’s second law, 

cmMaF                              (2)

where: F is the sum of all external forces on the 
system; M is the total mass; and cma  is the 

acceleration of the center of mass. Let 

RMF ��                      (3)  
 

where: M is the total mass of the system and R is 
a vector. Since

           jjrmP �
 and pF � ,                (4)

   jj rm
M

R 1
                (5)

For the system substitute demand (D) into this 

equation for mass and position (x, y) for r and 

get

                   jjx xd
D

COG 
1

        (6)

                   
jjy yd

D
COG 

1
        (7)

where: xCOG is the x position of the center of 

gravity; yCOG is the y position of the center of 

gravity; D is the total demand of the system; 

jd is the demand of facility j; jx is the position 

of the facility in the x direction; and jy is the 

position of the facility in the y direction.

        In setting up the problem from this point, 
the system must be laid out on a coordinate 
system of some sort in order to calculate the x 
and y positions. The given dataset that contains 
the latitude and longitude of each facility will 
serve this purpose. There is no need to place 
them onto a new grid. The longitude represents 
the x position while the latitude represents the y 
position. To find the ideal location for the 
distribution centers, equations (6) and (7) are 
applied to get one x position and one y position. 

While these equations give an ideal location, 
from the derivation one can see that it only takes 
into account demand and distance. There are 
many other factors to be considered when 
determining where to place the facilities. These 
other factors include transportation costs, 
geographical factors, political and governmental 
factors etc. While transportation costs are 
ultimately derived from distance, other factors 
must be considered, such as accessibility to 
highways, water, and rail before making a 
determination. The bottom line is that applying 
the equations can give a good starting point, but 
real world factors determine the final location. 
Table 1 gives the current longitude and latitude 
of eight distributions centers in the United States 
located in: Atlanta, Chicago, Dallas, Detroit, 
Kansas City, Los Angeles, New York, and San 
Francisco.

Table 1. Current locations of distribution 
centers

Longitude Latitude
ID X Y ZIP

PDCATL -84.104 33.467 30253
PDCCHI -87.862 41.908 60160
PDCDAL -96.876 32.953 75006
PDCDET -83.276 42.380 48239
PDCKC -94.732 38.957 66215
PDCLA -118.150 33.992 90040
PDCNY -74.063 40.865 07608
PDCSF -122.376 37.928 94804

cmMvp 
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Table 2 provides longitude, latitude, and 
demand of dealers served by the distribution 
center facility located in Atlanta. Similar data 
are available for other seven distribution centers 
as well.

Table 2. Subset of Facility Locations
PDCATL, Part: COMB

Longitude Latitude
ID X Y Demand

USA00093 -79.812 34.857 64.43
USA00150 -80.162 32.758 12.46
USA00157 -78.345 35.475 142.00
USA00192 -84.815 33.932 103.89
USA00193 -83.757 34.625 89.43
USA00195 -81.172 32.102 61.23
USA00201 -78.613 34.688 36.33
USA00203 -84.155 31.568 220.70
USA00209 -86.085 31.460 7.82
USA00210 -85.825 33.663 162.90
USA00212 -84.100 35.125 29.23
USA00214 -82.043 33.455 256.31
USA00217 -84.923 31.430 14.88
USA00219 -82.815 32.488 57.72
USA00222 -83.225 33.045 79.36
USA00223 -82.358 32.562 25.31
USA00224 -86.710 33.653 625.50
USA00225 -86.967 33.408 799.83
USA00228 -85.785 35.093 38.49
USA00229 -82.175 33.557 202.01
USA00231 -85.063 33.050 119.31
USA00235 -82.065 29.952 34.56
USA00236 -85.153 33.738 24.08
USA00237 -85.413 35.420 38.11
USA00239 -89.798 31.335 30.33
USA00240 -83.937 34.082 151.27
USA00241 -84.862 35.160 88.09
USA00243 -84.448 34.008 620.13
USA00244 -82.875 33.022 35.98
USA00245 -83.285 34.383 7.88
USA00247 -84.495 33.435 238.39
USA00248 -86.583 32.012 9.09
USA00250 -85.603 34.115 38.73
USA00251 -85.972 34.028 38.63
USA00254 -85.975 31.772 31.42
USA00256 -85.473 31.915 5.13
USA00257 -84.955 34.505 90.63

USA00259 -85.195 34.717 48.11
USA00260 -84.730 31.165 13.00
USA00261 -85.257 35.043 94.83
USA00262 -86.795 33.222 131.51
USA00264 -84.123 33.462 211.68
USA00267 -84.928 34.335 73.66
USA00269 -83.837 33.573 44.83
USA00270 -85.277 34.010 36.83
USA00271 -85.178 32.802 87.67

4. Results and Discussions  
Using the given dataset, the ideal locations 

for the distribution centers serving the United 
States market were determined. The market is 
divided into eight districts: Atlanta, Chicago, 
Dallas, Detroit, Kansas City, Los Angeles, New 
York, and San Francisco. Each district has a set 
of dealers that are assigned to it; the number 
varies but is somewhat even between them. At 
this point it is not known what procedures were 
originally followed to determine the placement 
of each distribution center. Most likely, it was 
not the center of gravity model since it works 
better for an existing network rather than a new 
design. At this point only the center of gravity 
method can be applied to see how well the 
distribution centers were placed according to the 
original design.
From the results presented in Table 3 it can be 
seen that distance differences range from 6 miles 
to 252 miles with an average of about 110 miles. 
After looking at the circumstances for each 
facility, the differences are very reasonable and 
explainable. For Dallas, for example, there were 
only a difference of 6 miles between the model 
and the actual. In a real world situation, one 
cannot expect to get as close as this and to 
maintain the balance through growth is 
outstanding. On the other hand, the San 
Francisco facility has the largest difference of 
252 miles. According to the model, the facility 
should be located almost due north of San 
Francisco about 252 miles. While that location is 
very close to an interstate, that interstate only 
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runs north and south with no easy route to the 
east. The closest place with an interstate route to 
the east is the San Francisco area, so again, once 
all of the factors have been considered, the 
location placement is not too bad. The 
transportation costs that are lost from being 
further south are actually erased by not having to 
back track south before going east. It is these 
situations in particular where models cannot 
provide exact location, but they still give a good 
start. The rest of the facilities are within a 
respectable range as well and can be explained 
primarily by infrastructure constraints as was the 
San Francisco facility.

Table 3. Model results and differences

No.
Distribution 

Center
Existing 
Latitude

Existing 
Longitude

1 Atlanta 33.467 -84.104
2 Chicago 41.908 -87.862
3 Dallas 32.953 -96.876
4 Detroit 42.380 -83.276
5 Kansas City 38.957 -94.732
6 Los Angeles 33.992 -118.150
7 New York 40.865 -74.063
8 San Francisco 37.928 -122.376

No.
Model 

Latitude
Model 

Longitude Difference
1 31.7563 -82.71 143 miles
2 43.22 -90.89 175 miles
3 33.03 -96.84 6 miles
4 41.07 -82.70 95 miles
5 38.52 -96.35 92 miles
6 33.90 -116.54 92 miles
7 40.61 -74.46 27 miles
8 41.57 -122.29 252 miles

Note: For latitude, positive numbers indicate 
North latitude. For longitude, negative numbers 
indicate West longitude.

Figures 1-8 show the real position (A) and 
the ideal position (B) for the eight distribution 
centers chosen in this study. The straight line 
differences between the real and the ideal 
locations are also calculated and presented for 
each distribution center. 

Figure 1. Map of Atlanta distribution center 
showing the real position (A) and the ideal 

position (B): 143 mile straight line difference

Figure 2. Map of Chicago distribution center 
showing the real position (A) and the ideal 
position (B): 175 mile straight line difference
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Figure 3. Map of Dallas distribution center 
showing the real position (A) and the ideal 
position (B): 6 miles straight line difference

Figure 4. Map of Detroit distribution center 
showing the real position (A) and the ideal 

position (B): 95 miles straight line difference

Figure 5. Graphic of Kansas City Detroit 
distribution center showing the real position 
(A) and the ideal position (B): 92 mile straight 

line difference

Figure 6. Map of Los Angeles distribution 
center showing the real position (A) and the 

ideal position (B): 92 mile straight line 
difference

Figure 7. Map of New York distribution center 
showing the real position (A) and the ideal 
position (B): 27 mile straight line difference
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Figure 8. Map of San Francisco distribution 
center showing the real position (A) and the 

ideal position (B): 252 mile straight line 
difference

5. Conclusions and Recommendations
The results are indicative of a well-designed 

supply chain. There was obviously an enormous 
amount of time spent on determining the optimal 
locations for the United States distribution 
centers. The majority of the facilities lie within 
100 miles of the calculated location from the 
center of gravity method. From this comparison 
it can be concluded that there are not excessive 
transportation costs associated with misplaced 
distribution centers throughout the supply chain. 

Although these results indicate that the 
distribution centers are placed in the proper 
place given a set of facilities that are assigned to 
it, there is still some room for further 
investigation. Using some sort of allocation 
model, it is possible to determine if each dealer 
facility was allocated to the proper distribution 
center. If it was determined that a dealer facility 
was not allocated properly, it could also affect 
the outcome of the center of gravity calculation. 
Removing a facility on the outer boundaries of a 

region could essentially release the constraint in 
that direction and allow the distribution center 
shift slightly in the opposite direction.

A complete study would involve both the 
studies of allocation planning and distribution 
center placement and would result in the best 
supply chain possible with respect to facility 
placement.
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Abstract

     It is well known that religion is a powerful 
force in shaping behavior.  Indeed, with serious 
believers, it is not too much to say that religion 
shapes every area of life.  This being case it is to 
be expected that religion might be a strong 
factor in influencing purchasing behavior.  
Although this would seem to be fairly obvious, 
the effect of religious belief upon consumer 
behavior has not been well studied.  In this paper 
we investigate this effect by formulating several 
hypotheses and developing a survey instrument 
to test these hypotheses.  The data from the 
surveys was then analyzed to test the truth of the 
hypotheses, and to draw generalized conclusions 
concerning the effect of religious belief upon 
consumer behavior.

1. Introduction

 The relationship between the cultural 
environment and ethical perceptions, and 
their effect upon behavior has been widely 
explored.  Culture, through its components, 
elements and dimensions, is seen to dictate 
organizational structures as well as micro-
organizational behavior. In addition, it 
shapes cognitive functioning of individuals 
in such a way as to ultimately affect their 
judgments and decisions.

Although culture and sub-cultural 
norms have been subjected to increased 
analysis as to the various dimensions of 
consumer behavior, the relationship between 
religion, as an element of culture, and 

consumer behavior has received only slight 
attention.  Religion is a powerful force in 
regulating human behavior.  Although many 
researchers have sought to understand the 
influence of religion on consumer behavior, 
most of their attempts have been relatively 
subjective and inconclusive.

Various aspects of consumer 
behavior have been identified and linked to 
each of the four cultural dimensions.  
Culture is a powerful force in regulating 
human behavior. Its impact is so natural and 
automatic that its influence on behavior is 
usually taken for granted.  Often, it is only 
when one is exposed to those with different 
cultural values or customs that he becomes 
aware of how culture has molded our own 
behavior.  Precisely because culture shapes 
behavior, an understanding of it is crucial in 
understanding consumer marketing. The 
recognition of its importance has led to an 
increasing level of research across cultures.

Consumer behavior is shaped by a 
variety of societal and philosophical beliefs 
that shape the purchasing habits of an 
individual consumer. In order to understand 
consumer behavior, it is necessary to 
understand the factors that motivate 
consumers to purchase certain products.  
One of the factors known to influence 
consumer behavior is religious belief.   
However, the extent of this influence 
remains to be investigated.  

Religion is defined as “a set of 
beliefs concerning the cause, nature, and 
purpose of the universe, esp. when 
considered as the creation of a superhuman 
agency or agencies, usually involving 
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devotional and ritual observances, and often 
containing a moral code governing the 
conduct of human affairs.”  A simple sche-
matic, showing religious influence as a 
possible factor influencing the decision-
making process, is shown in Figure 1.

This research examined the influence 
of religion on one aspect of consumer 
behavior and shopping orientation.  With 
regard to the surveys that were administered, 
it is expected that the behavior of the highly 
religious respondents would conform with 
their consumer behavior. 

This study began by first establishing 
the background that religion has made on 
marketing research and a lack of a 
conceptual framework. Within the introduc-
tion section of this study, religion is defined, 
setting the basis for the research undertaken. 
The demographic makeup of the study 
included students from different age 
categories and status at Florida A&M 
University. The problem was then 
approached by a review of relevant 
academic studies and research which were 
used to establish a conceptual framework. In 
this review, background of religion and its 
importance as a cultural trait were explored. 
This allowed for a thorough analysis as to 
the significance of religion as a factor in 
individual purchases. This research dis-
closed a lack of research devoted to 
determining the correlation of religious 
belief upon consumer purchasing decisions. 
In order to examine this correlation, a set of 
research questions was developed to 
examine this influence. These research 
questions led to the development of a set of 
seven hypotheses that comprised a study 
framework for the research. Next, a 
questionnaire was constructed for collecting 
the data necessary for testing the research 
hypotheses. Using this data, seven hypothe-
ses were developed and tested using the chi-

square analysis.  These seven hypotheses 
will be discussed in detail in a later section.

2. Literature Review
Sheeth (1983) theorizes that both 

product determinants (product category, usage 
and brand disposition) as well as personal 
determinants (personal values, social values and 
epistemic values) shape an individual's shopping 
predispositions. Incorporated in personal values 
is one’s decision to practice religion. Mokhlis 
(2006) believes that religion is expected to 
influence consumers’ general predisposition 
toward a given purchasing transaction.

Religion constitutes various elements of 
society in most cultures and is inevitably linked 
to many aspects of life and behavior (Mokhlis, 
2006). The theory of reasoned action proposes 
that behavior is determined by an individual’s 
intention to perform the behavior, and intention 
is influenced by attitudes and subjective norms 
(Ajzen & Fishbein, 1980).  Foxall and 
Goldsmith (1994) contend that attitudes and 
behaviors are justified through the formation of 
knowledge systems based on interwoven 
cognitive elements known as religious beliefs. 
Evidence for the influence on said religious 
beliefs on behavior are found in areas such as 
parental attachment, clothing styles, eating and 
drinking, the use of cosmetics, social and 
political views and sexual behavior (Poulson et 
al. 1998; Witkowski 1999; Mattila et al. 2001; 
Diamond 2002). Religious behavior is also 
informed by taboos and obligations recognized 
by participants of a particular religion. It has 
been argued that religion is highly personal in 
nature, and therefore its effect upon consumer 
behavior depends on an individual’s level of 
religious commitment, as well as the importance 
placed on religion in the adherent’s life 
(Mokhlis, 2009).   Little attempt has been made 
to develop a general framework for religious 
influence on consumer behavior that examines 
effects of various aspects of culture and on the 
various aspects of consumer behavior at the 
same time.  The most detailed research was 
conducted by Hofstede (1980).  In this study, he 
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researched conceptual relationships pertaining to 
cultural effects on consumer behavior on the 
basis of the four dimensions of cultural 
differences.  

Hofstede (1980) defines culture as the 
norms, values and beliefs of a particular group 
or community in a particular area or geographic 
location, and shared by its members. More 
importantly, values are shaped at the deepest 
level by cultural influences and consequently the 
most difficult to change.  This explains why 
social systems and institutions in a particular 
country are so difficult to change. Values are 
defined as the set of core beliefs and principles 
deemed to be desirable by groups of individuals 
(Mason, 1992). Furthermore, values are 
considered to be general beliefs defining right 
and wrong. Arguably, therefore, values can 
affect how consumers behave.

Numerous cross-cultural studies have 
been conducted in the past. The main objective 
of most of these studies was to compare 
behavior across cultures.  In these studies, 
differences were found in consumption patterns 
between people of various ethnic groups (e.g. 
Saegert, Hoover and Hilger, 1985) and various 
geographic subgroups that hold differing cultural 
values (e.g. Gentry, Tansuhaj, Manzer and John, 
1988). For instance, researchers have found 
significant differences in consumer behavior 
across subcultures, such as brand loyalty 
(Saegert, Hoover and Hilger, 1985), decision 
making, novelty seeking and perceived risk.  
Based upon the foregoing, it is surprising that 
there is a lack of research aimed at an integrated 
theory of the cultural effects upon consumer 
behavior. Our research will aim to achieve such 
integration.

Religion is an important cultural factor 
to study because it is one of the most universal 
and influential social institutions, and has a 
significant influence on people’s attitudes, 
values and behaviors at both the individual and 
societal levels (Mokhlis, 2009). One’s beliefs, 
cultural values and religion combine to shape 
consumer choice as they determine lawfulness 
and non-lawfulness of products. Further, they 
indicate desirability of certain kinds of products 
and services, and affect the quantities consumed 

via the concept of modesty and condemnation of 
extravagance. 

Culture has been defined variously as 
values, norms, rituals, beliefs and symbols 
shared by members of a group or society. It 
includes patterns of behaviour, learned 
responses, basic assumptions, habits and 
traditional ways of thinking, feeling and reacting 
(Shweder, 1991). McDaniel and Burnett (1990) 
investigated the influence of religion on the 
importance of various retail department store 
attitudes held by consumers. The results show 
that one aspect of religion, religious 
commitment, particularly measured by cognitive 
religion, and one aspect of behavioral religion 
are significant in predicting the importance 
individuals place on certain retail evaluation 
criteria.  Even though social beings’ behavior 
and attitude are directly influenced by at least 
the religion-rooted, cultural aspects of their 
living environments, religion’s impact on 
consumption-related behavior has been only 
very modestly studied in the marketing literature 
(Mokhlis, 2009).

3.  Methodology

The methodology employed in 
marketing research as this is well established.  It 
is first necessary to identify those factors for 
which relationships are to be established. Next, a 
set of questions is formulated to guide the 
researcher in investigating whether or not the 
relationships do in fact exist.  These questions 
are then used to formulate a set of hypotheses 
which will eventually be tested once the 
necessary data is collected.  Next, a question-
naire is developed with a set of questions that 
will enable the investigator to prove or disprove 
the hypotheses that are to be examined.  After 
the questionnaire has been prepared, a group of 
respondents is then assembled to complete the 
questionnaire. The relevant data for each 
hypothesis are then analyzed using a chi-squared 
analysis to develop a test statistic for each 
hypothesis. Each of these test statistics is then 
compared with a critical chi-squared statistic 
based upon the relevant number of degrees of 
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freedom in order either to reject or accept each 
of the hypotheses. 

  This current research project was 
aimed at determining the influence and impact 
that religion might have on consumers’ 
purchasing decisions. It was therefore 
imperative to understand the factors that 
motivate consumers to purchase certain 
products.  The literature search disclosed that 
both product determinants (product category, 
usage and brand disposition), as well as personal 
determinants (personal values, social values and 
epistemic values), including religion, shape an 
individual's shopping predispositions.  With this 
in mind, research questions and hypotheses were 
tailored to the marketing research problem that 
was under investigation. After formulating 
research questions and hypotheses, field work 
was conducted, in the form of surveys, and data 
analysis, in the form of chi-square and uni-
variable analysis, to determine whether rela-
tionships might exist among individuals’ 
religious beliefs, practices, devotion, and 
denomination, and their spending habits with 
regard to entertainment, clothing, and generally 
controversial products.  After the relevant data 
has been amassed, it was analyzed as described 
above.

4. Application of Methodology

4.1 Survey Population
Florida A&M University enrolls nearly 

12,000 students from the United States and more 
than 70 countries such as India, Egypt, Trinidad, 
Netherlands, China, Bahamas, Jamaica, and 
Brazil.  The vast majority of our data was 
collected from graduate level students who are 
currently enrolled within the school of business 
and industry. Most of the graduate level students 
reported their religion as Christian and fell 
within the age range of 23-26.  A sample size of 
126 students was used with 52% being male and 
48% from the School of Business & Industry at 
Florida A&M University. The classification of 
students in the sample included the following: 
13% freshmen, 22% sophomore, 34% junior, 
16% senior, and 16% graduate while the ages of 
the sample ranged with 77% of the data 

consisting of students between the ages of 17 
and 22 years of age. Further, the sample was 
comprised of 64% from the southern region of 
the United States, and the denominational 
breakdown was as follows:

 
 Baptist: 41%

 Non-Denominational: 30%

 AME: 6%

 Methodist: 3%

 Pentecostal: 7%

 Seven Day Adventist: 3%

 Other: 10%

  The parameters of the survey population 

are summarized below in Table 1.  

Table 1: Summary of Florida A&M 

survey population

Total enrollment 10,124

Female 57.74%

Out of state 27%

Native American 0.07%

Asian 0.71%

African-American 94.18%

Hispanic 1.15%

Caucasian 2.95%

International 0.7%

Full-time 89.59%

Part-time 10.41%
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4.2 Research Questions

As this research attempted to 
examine the association between religious 
beliefs and consumer behavior, questions 
regarding certain purchasing habits with 
regard to religious influence were formu-
lated in order to accomplish this goal. These 
questions are as follows: 

1. Does a certain church denomination 
have an impact on the attendee’s 
consumer behavior?

2. Are Christians purchasing habits 
dependent on the strength of their 
religious beliefs? 

3. Does an individual have to be from a 
certain geographical region within the 
United States in order to undergo a 
religious act before purchasing products?
 
4. Do consumer purchases depend on the 
adherent’s level of devotion? 

5. Does the frequency of church activity 
attendance determine how likely an 
individual is to purchase music with 
explicit language? 

6. Does the length of time that 
individuals spend in their denomination 
determine the type of entertainment they 
view? 

7. Is the individual’s expenditure of a 
large amount of discretionary income on 
clothing influenced by his religion? 

4.3 Hypotheses
To answer each of the above 

research questions, a related hypothesis was 
devised for each question. From that written 
statement, a related survey question was 

proposed either to confirm or deny each 
hypothesis.  For example, the first hypothe-
sis examined whether there is a relationship 
between Christian denominations and the 
rate at which individuals purchase unaccept-
able products. This hypothesis was then 
correlated with several survey questions 
either to prove or disprove that specific 
question. As stated previously, the 
aforementioned structure was used for each 
hypothesis.

The second hypothesis examined 
whether there is a relationship between how 
often consumers purchases products and the 
strength of their religious beliefs.

The third hypothesis was intended 
to determine whether there is a relationship 
between how often a consumer purchases 
products and the degree to which that person 
is devoted to his/her religion. Essentially 
stating that a consumer’s level of religious 
belief is related to how often he/she shops.

The fourth hypothesis examined 
whether there is a relationship between the 
region an individual is from, within the 
United States, and whether or not an 
individual prays before making a large 
purchase. 

The fifth hypothesis states that there 
is an association between how frequently an 
individual attends church activities and the 
likelihood of an individual purchasing music 
with explicit language. 

The sixth hypothesis examines 
whether a relationship exists between the 
length of time an individual has been a 
member of their current denomination and 
how likely an individual is to attend a music 
concert that is strongly prohibited by their 
religion.

The seventh hypothesis examines 
whether there is a relationship between the 
amount of discretionary income individuals 
spend on clothing and the influence of that 
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person’s religion upon the type of clothes 
purchased. 

As stated above, each hypothesis was 
linked to a research question. After each 
hypothesis was framed, subsequent survey 
questions were asked. After determining 
demographic data about the sample, the 
aforementioned hypotheses were proved or 
disproved using chi-square analysis, which 
is used to determine whether or not two vari-
ables are related.  The seven null hypotheses 
under examination are summarized below:

Hypothesis #1: H0: Believers’ 
Christian denomination is unrelated to the 
frequency with which they purchase 
unacceptable products.

Hypothesis #2: H0: The frequency 
with which consumers purchase products is 
unrelated to the degree of religion within a 
consumer's life.

Hypothesis #3: H0: The frequency 
with which consumers purchase products is 
unrelated to the consumers’ devotion to 
religion.

Hypothesis #4: H0: The region an 
individual is from within the United States 
is unrelated to whether or not the individual 
prays before making a large purchase.

Hypothesis #5: H0: The frequency 
with which individuals attend church 
activities is unrelated to the likelihood that 
individuals will purchase music with 
explicit lyrics. 

Hypothesis #6: H0: The length of time 
individuals has been a member of their 
particular religion is unrelated to the 
likelihood that they will attend a music 
concert that is strongly prohibited by their 
religious beliefs.

Hypothesis #7: H0: The amount of 
discretionary income individuals spend on 
clothing is unrelated to the religious 
influence upon the type of clothes they buy.

5. Results

Hypothesis #1: It was determined 
that the calculated chi-square statistic had a 
value of 18.98 regarding denominations and 
the rate of unacceptable purchased products. 
Because this value was lower than the 
critical value of 28.869, the null hypothesis 
of no association was accepted, indicating 
that there was no association between 
Christian denominations and the rate at 
which individuals purchase unacceptable 
products.

 Hypothesis #2: The calculated chi-
square statistic was valued at 9.34 regarding 
consumer product purchase influence and 
the degree of religion within a consumer’s 
life. Because this value was lower than the 
critical value of 26.296, the null hypothesis 
of no association was not rejected indicating 
that there was no association between how 
often a consumer purchases products and the 
degree of religion within a consumer's life.

Hypothesis #3: The calculated chi-
square statistic had a value of 21.56 
regarding consumer purchase frequency and 
the consumer’s devotion to their religion. 
Because this value was lower than the 
critical value of 26.296, the null hypothesis 
of no association was accepted, indicating 
that there was no association between how 
often a consumer purchased products and 
the consumer's devotion to their religion.

Hypothesis #4: The calculated chi-
square statistic had a value of 15.72 
regarding an individual’s home region 
within the United States, and whether or not 
an individual prayed before making a large 
purchase. Because this value was greater 
than the critical value of 9.488, the null 
hypothesis of no association was rejected. 
The result indicated that there was an 
association between an individual’s home 
region within the United States, and whether 
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or not an individual prayed before making a 
large purchase.

Hypothesis #5: The 
calculated chi-square statistic had a value of 
44.57 regarding how frequently an 
individual attends church activities and the 
likelihood of that individual purchasing 
music with explicit language. Because this 
value was greater than the critical value of 
28.869, the null hypothesis of no association 
was rejected.  The result revealed that there 
was an association between how frequently 
an individual attends church activities and 
the likelihood of individuals purchasing 
music with explicit language.

Hypothesis #6: The calculated chi-
square statistic had a value of 10.72 
regarding how long an individual had been a 
member of their current religion and how 
likely an individual was to attend a music 
concert that is strongly prohibited by their 
religious beliefs. Since this value was lower 
than the critical value of 21.026, the null 
hypothesis of no association was accepted. 
The data indicated that there was no associa-
tion between the length of time individuals 
were members of their current religions and 
how likely they were to attend a music 
concert that is strongly prohibited by their 
religious beliefs.

Hypothesis #7: The calculated chi-
square statistic had a value of 5.05 
pertaining to the amount of discretionary 
income individuals spent on clothing and 
whether religion influenced the clothes 
purchases. Because the value was lower than 
the critical value of 21.026, the null 
hypothesis of no association was not 
rejected. The information indicated that 
there was no association between the 
amount of discretionary income individuals 
spent on clothing and whether religion 
influenced the individuals’ clothing 
purchases. The results from testing the 

above hypotheses testing are summarized 
below in Table 2:

6. Conclusions

From our analysis of the relation-
ships among different variables such as 
denominations and the rate at which 
individuals purchase unacceptable products, 
we found distinct associations that helped to 
support and refute our seven hypotheses.  As 
stated in our results no association was 
found between relationships including: 
Christian denominations and the rate of 
purchase of unacceptable products; 
frequency of consumer purchases and the 
degree of religion within a consumer's life; 
frequency of purchased products and the 
consumer's devotion to their religion; length 
of membership and the likelihood to attend 
an unacceptable concert; and, the amount of 
discretionary income spent on clothing and 
if religion influenced the clothes individuals 
bought.  

Our results also indicated an appar-
ent relationship between an individual’s 
home region within the United States, and 
whether or not an individual prayed before 
making a large purchase; also, as to how 
frequently an individual attends church 
activities and the likelihood of that 
individual purchasing music with explicit 
language.  Furthermore, it was possible to 
distinguish other variables, such as price, 
quality, age and geography that affect a 
consumer’s purchasing decisions.

In general, it was possible to 
conclude that an individual’s religious 
beliefs, denomination, and devotion to that 
denomination have an influence on 
purchasing habits; more closely, in the 
purchasing of controversial products and 
participation in denominationally unaccept-
able activities and brand loyalty.  In 
addition, the research showed that 
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companies which market controversial 
products and services such as music, 
movies, clothing, adult entertainment, and 
Plan B products, etc., will have their revenue 
affected more by the influence of religion 
than will other products.   Our fieldwork 
reassured us that we had an appropriate 
sample to represent the Florida A&M 
population, as our student classification 
percentage closely resembled that of the 
actual demographic.  In addition, it is 
believed that the research and analysis we 
have conducted is sufficient and appropriate 
for a company to use in determining the 
influence of the religious demographic in the 
marketing of their product or service. 
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Figure 1: The influence of religion upon decisions

Table 2: 
Results from testing 

hypotheses
Hypothesis no. Test statistic χ2 statistic Result of test

1 18.98 28.869 accepted
2 9.34 26.296 accepted
3 21.56 26.296 accepted
4 15.72 9.488 rejected
5 44.57 28.869 rejected
6 10.72 21.026 accepted
7 5.05 21.026 accepted

Highly Religious

 More conservative
 More traditional
 More dependent

Highly Dogmatic

 Less tolerance
 Less flexible
 More rigid

Less Religious

 Less conservative
 Less traditional
 Less dependent

Less Dogmatic

 More tolerance
 More flexible
 Less rigid
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 Abstract 
This live case study examines Leola’s Crab 

Shack, a seafood restaurant in Tallahassee, FL. 
Using the Pro Model Simulation software and 
accessing the company from direct contact with 
the owner; the study evaluates customer 
frequencies, food preparation time, and other 
variables to create a simulation of the company 
processes.

1. Introduction 
Our paper concentrates on a local seafood 

restaurant called Leola’s Crab Shack. After 
direct observations and other data collection we 
conducted a computer simulation that showed 
the supply chain process for Leola’s Crab Shack.

Leola’s Crab Shack is a small seafood 
restaurant located in Tallahassee, FL. It focuses 
on lunch and dinner meals centered on crab and 
other southern seafood dishes. The owner Eric 
McKinnon, who has always dreamed of owning 
a restaurant chain, opened the chain in 2007 with 
the slogan of having “The Best Crab in Town”.  
He had one previous chain called “Southern 
Fixins” in 2001.  

The establishment is focused on their lunch 
rush occurring around 11AM – 1PM and their 
early dinner between 4PM and 5PM. The 
establishment is open from 11 AM – 10 PM on 
weekdays, and from 11 AM – 11 PM on 
weekends.

2. Number of Customers (peak day)
The peak day is Thursday with 43 

customers. The peak day of business for the 
company is due to higher student traffic. All 
figures and numerical representations will be 
made from the data collected through our in-
person observations.

3. Customer Demographics
Leola’s Crab Shack is in a city where the 

estimated household income in 2009 was 
$34,335. The population of the city is 
approximately 35, 287.

Leola’s attracts consumers that are mostly 
African American. They have a local crowd that 
is attracted by the “soul food” that the restaurant 
provides. Many of the customers are students of 
Florida A&M University on their break from 
classes. One of their locations is on Orange 
Avenue in Tallahassee, FL. The other location is 
on West Tennessee Street in Tallahassee, FL. 
Their second location is where they reach most 
of their crowd that does not reside nor frequent 
the south side of Tallahassee, FL. 

The restaurant needs to expand so that they 
do not appeal to only one demographic. Florida 
State University is the largest college in 
Tallahassee, FL and the restaurant would do 
better if they reached out to that school and their 
business. 

4. Most Popular Menu Items
Leola’s is known for their famous fried blue 

crabs. They are also known for their spectacular 
okra and corn as their main side dishes. They do 
well with selling fried wings and shrimp. 
Overall it is the main location for those who 
want to eat seafood and want it prepared quickly 
and flavorfully. All orders are made upon 
request after the customer gives the order.

5. Customer Data Classification
To identify who exactly is the typical 

consumer for Leola’s Crab Shack we conducted 
in-person observations at the Orange Avenue 
location. We addressed who they were then 
researched what the business had that most 
attracted their consumers. 



Proceedings of the 2012 IEMS Conference

105

Next, we obtained information to describe 
the distribution of customers the store had 
during specified time intervals. A histogram is 
constructed for arrivals during the peak period 
(see figure 1). Most occurrences between 
arrivals were between 0 – 3 minutes apart. The 
histogram is highly skewed to the right. The 
histogram is set to five cells with intervals: 0-3, 
4-7, 8-11, 12-15, and 16 or more. The first 
interval contains 35 of the 45 observations were 
present. The histogram appears to represent an 
exponential distribution with a mean of 
approximately 2.74 minutes. 

6. Project Description
The suppliers used are Sam’s Club (located 

at 3122 Dick Wilson Boulevard in Tallahassee, 
FL.) and US Food Service. The main supplier 
for Leola’s Crab Shack is US Food Service. 
Their locations in Florida are Lakeland, Miami, 
Port Orange, and Tampa.  US Foods is one of 
America’s leading food service distributors to 
restaurants, healthcare, hospitality facilities, 
government operations, and educational 
institutions. It is based in Rosemont, IL., and 
employs about 25,000 associates in more than 
60 locations. This supplier hosts most of the 
seafood that Leola’s Crab Shack supplies. We 
observed one delivery, but concluded from 
communication with the management that they 
deliver weekly. 

The raw materials that we are focusing on 
with regards to the company’s suppliers are the 
ingredients needed to make these products: raw 
meat (chicken, sausage, etc.) raw seafood, (fish, 
shrimp, crabs, etc.) produce needed for 
vegetable dishes, and other ingredients needed to 
complete their dishes. The materials are ordered 
on an as needed basis – which allows them 
flexibility with the business operations and 
fluctuation in demand.  All meats are ordered on 
a biweekly basis from US Food Service; dry 
products and produce are picked up from Sam’s 
Club as they are needed. Once perishable 
items (meat, seafood, etc.) arrive at the 
restaurant they are stored in the freezer and 
refrigerator. All dry goods that are bought from 
Sam’s Club are stored in the restaurant’s pantry. 
On the morning of each business day, the cooks 
arrive and start to prepare the various foods that 

will be sold to the customers. The prepared 
items are then stored in containers until they are 
cooked and served to the customers. 

The restaurant owner sees opportunities for 
improvement as it pertains to service, suppliers, 
and other business processes. One example is 
that they want to expand to a larger building to 
allow more customers to experience dining at 
the restaurant. Also the owner wants to build 
another small location to be able to reach more 
people in the area. 

7. Process Description for ProModel 
Setup

Time taken to Order
The first location in the operations at 

Leola’s is when the customer walks through the 
entrance (see figure 2). Once they enter, they 
proceed to the counter line that leads to the order 
counter. When the customer reaches the order 
counter, assuming they did not call ahead, they 
place their order with the operator as well as 
pay. Through observations we were able to see 
that customers took between 2 to 3 minutes to 
place their food order. 

Time Spent in Waiting Area
After ordering, they move to the waiting 

area until their food is ready. Customers, on 
average, were in the waiting area about 5 to 15 
minutes.  If they call and place an order prior to 
coming to the establishment, the waiting time is 
reduced to 2 to 5 minutes.

Time Taken to Cook order
Once the order is placed with the operator at 

the pickup counter, it is handed to the cooks in 
the kitchen.  The cook time (which encompasses 
the waiting area time) is around 5 to 15 minutes, 
depending on the size of the order.  This cook 
time is also minimal because the side dishes and 
crabs have been prepared beforehand. The only 
foods that are cooked when the order is placed 
are the fried foods (fish, chicken, etc.)

Receiving Food at Pick up counter
Once the customer’s order is complete, they 

leave the waiting area and proceed to the pick-
up counter. There, the customer picks up their 
food and either exits the restaurant or proceeds 
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to the dining area to eat their meal. Through 
observations, we were able to determine that 
about twenty percent of the customers chose to 
dine in. 

Pro-model is a simulation computer software 
program that we used in our case study [1]. To 
build a simulation of the Leola’s Crab Shack 
service system, we input the following 
information:

 Locations as follows:
o “Entrance”
o “Counter Line” (which is a queue that 

has infinite capacity)
o “Counter” ( where the order is placed 

or picked up with a capacity of 1)
o “ Dining Table” ( where dine-in-

customers eat with a capacity of 10)
 2 Entities as follows:
o Regular Customer ( places order and 

leaves)
o Dine-in-customer ( places order, eats 

at the dining table, and then exits)
See Figure 2 for a layout.

The processes and routings that the 
customers go through were defined using 
ProModel. We decided to run the simulation for 
96 hours, which represents an operating cycle of 
two weeks for Leola’s Crab Shack (8 hours per 
day , 6 days per week).  The results from the 
simulation showed that the average wait time is 
2.25 minutes; the average time spent placing an 
order is 1.50 minutes; the average time waiting 
on an order is 15.24 minutes; the average time a 
customer spends dining in is 0.25 minutes since 
most customers do not stay and eat; and the 
average time spent at Leola’s Crab Shack is 
21.25 minutes. The utilization of the facility is 
45.32% and 1245 customers are served within 
96 hours (or 12.97 customers per hour). The 
maximum number of customers waiting is 10 
(the average is only 4.36 customers) and the 
maximum number of customers placing an order 
is 1. According to the data above, it is fair to say 
that this is a realistic depiction of the service 
processing system that is being surveyed at 
Leola’s Crab Shack.

8. Process of Taking the Orders
During our research, customers were 

observed arriving at Leola’s Crab Shack. The 
customers arrived randomly, independent of 
each other. In collecting our data, the time of 
each customer arrival within a span of two hours 
was recorded. The two hour time span reflected 
the restaurant’s peak operating time (lunch 
time). The time of arrival was recorded as each 
customer arrived at the entrance door of the 
restaurant. 

Customers that arrived in groups were 
counted individually instead of as a group. 
Customers that departed from Leola’s and later 
returned were not counted more than once. After 
the data collection time period, the inter-arrival 
times between each successive customer was 
calculated. Those customers that arrived at the 
same time or in a group were recorded as having 
an inter-arrival time of zero. The range of the 
customer inter-arrival times went from zero to 
twenty minutes.

A total of forty-three customers were 
observed arriving at Leola’s CrabShack during 
the specified time period, therefore forty-two 
customer inter-arrival times were recorded. The 
average inter-arrival time was found to be 2.74 
minutes. A histogram of the customer inter-
arrival times is shown in Figure 1.

9. Chi Square Goodness of Fit Test
Next, we conduct a Chi Square Goodness of 

Fit Test to classify the data, 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.

5. Calculate the chi-square test statistic.
6. Determine the number of degrees of 

freedom (k-s-1), where k=(2N)1/3 and 
N=number of observations, s=number of 
parameters estimated.

7. Choose a desired level of significance 
(α).
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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.

After gathering our data we conducted a chi 
square goodness of fit test to address whether 
the data are exponentially distributed (see Figure 
3).

Null Hypothesis: the observations are 
exponentially distributed with a mean of 
2.74 minutes

Alternate Hypothesis: the observations 
are not exponentially distributed with a 
mean of 2.74 minutes

Variables
N = 43 
β = Mean = 118/43 = 2.74 minutes
Range = 0 to ∞
The number of cells,
k = (2*43)1/3 = 4.4 ≈ 5

Intervals (equal probability)
X = - β * ln (1-u)

-2.74 * ln (1-0) = 0
-2.74 * ln (1-0.2) = 0.61
-2.74 * ln (1-0.4) = 1.4
-2.74 * ln (1-0.6) = 2.51
-2.74 * ln (1-0.8) = 4.41
-2.74 * ln (1-1) = ∞

Cell 1: 0 to 0.61
Cell 2: 0.61 to 1.4
Cell 3: 1.4 to 2.51
Cell 4: 2.51 to 4.41
Cell 5: 4.41 to ∞

Test Statistic 
χtest2=Σ [ (Oi - Ei)2 / Ei ] 

[(14-8.6)^2/8.6] = 3.39 
[(6-8.6)^2/8.6] = 0.79
[(9-8.6)^2/8.6] = 0.02  
[(6-8.6)^2/8.6] = 0.79
[(8-8.6)^2)/8.6] = 0.04 
Total = 5.03

Degrees of Freedom 
DF=k-s-1      5-1-1= 3 

Critical Value χα = 0.01,32=11.345

χtest2 is less than χα = 0.01,32, 
therefore we cannot to reject H0, and 
accept H0 that the time between arrivals 
is exponentially distributed with a mean 
of 2.74 minutes.

10. Financial Data

We collected financial data from the store 
owner. The annual revenue was stated as 
$250,000 for the company. Their quarterly 
revenue was approximately $62,500.  They see 
seasonal spikes in their financial data on the 
occasion of special events such as: Florida A&M 
University Homecoming, major Florida State 
University football games, and graduation 
ceremonies conducted at the end of every 
semester. The company’s cost of sales and 
operating expenses are 75% of their revenue 
($187,500). This leaves the store owner with a 
net profit of $62,500. In ProModel, cost data are 
entered in terms of location cost per hour, 
calculated as follows:

Total Cost Per Day
=Quarterly Cost / Days per Quarter
=$62,500 / 90 = $694.44 per day

Estimate of Number of Orders Per Day
=80 orders per day (45 orders during peak 
time 11:00am – 1:00pm + 35 more orders 
from 1:00 – 9:00pm)

Cost Per Order
=Total Cost per Day / Number of Orders 
per Day

     =$694.44 / 80 orders per day 
     = $8.68 per order

The order cost is the number we used in our 
ProModel Simulation to conduct our cost 
analysis. The results are summarized in Figure 4.

To simulate the change in demand over 
time, a four quarter forecast of GDP was 
generated using FOURCAST [2]. Then, the 
time between arrivals in each quarter was 
projected by multiplying the current time 
between arrivals by the current GDP and 
dividing by the projected GDP for each 
quarter. The simulation was then repeated 
with the projected time between arrivals.
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11. Recommendation

Leola’s Crab Shack is just starting to grow and 
customer congestion is starting to become 
obvious. The restaurant should consider opening 
one more station where customers can order 
their food. The reason is mainly to improve 
process flow within the location. The shortest 
inter-arrival time between customers is less than 
two minutes. This can cause congestion at the 
ordering station. With two ordering locations the 
restaurant can support the heavy traffic. There 
should be a focus on pre-made highly 
anticipated items so that the customer does not 
have to wait as long as now do for their food. 
The dining area is quite small and when 
customers do wait, some choose to wait outside. 
If the processing time is reduced, then in hot 
summer months, customers may not have to wait 
in the sun.
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 Abstract 

Patenting and licensing of intellectual 
property has been a part of most major United 
States academic institutions anteceding the 1980 
Bayh-Dole Act.  In most instances, the 
commercialization of these projects is a win-win 
scenario for both investigator and institution.  
The researcher who creates these assets can 
typically pursue two different routes when 
attempting to market such research, either 
through outsourcing the production rights to an 
existing firm or by selling the invention via their 
own means in a spin-off or previously existing, 
self-owned enterprise.  The latter requires the 
researcher to step out of their field of expertise 
and perform intricate business analyses before 
licensing and eventual commercialization 
initiate.  This is an endeavor that many 
researchers bypass; selecting the former route of 
subcontracting such tasks.  However, 
universities are by definition not isolated entities 
in terms of academic discipline and typically 
possess business departments that enjoy the 
opportunity to supply hands-on research to their 
student body.  An example of this partnership is 
currently occurring at Western Kentucky 
University (WKU), where the Center for Water 
Resource Studies (CWRS) has partnered with 
the WKU Masters of Business Administration 
program to formulate a marketing and sales 
strategy for the Water-Expert suite of software 
applications developed with funding provided by 
the U. S. Department of Homeland Security 
(DHS), Science & Technology Directorate, 
through a technology development and 

deployment program managed by The National 
Institute For Hometown Security (NIHS).  This 
paper will examine the process undertaken 
during this endeavor. 

1. Introduction

In accordance with the Bioterrorism Act of 
2002 and Homeland Security Presidential 
Directive 7 DHS via NIHS distributed funds to 
initiate research which will be designed to 
protect what has been deemed the “critical 
infrastructure” in the United States [1].  One 
sector of this designation is the drinking water 
industry, which is particularly vulnerable to 
contamination either through natural disaster or 
by intentional means.  The task undertaken by 
CWRS was to develop a decision support tool to 
aid utilities in response and recovery following 
such calamities [2].  

It was decided that this would be 
accomplished by creating a rules based, expert 
system software, called Water-Expert, hosted 
remotely by means of a server.  This expert 
system works upon a pre-assembled background 
knowledge base to retrieve information pertinent 
to the user.   The knowledge, in this instance, is 
a fertile gathering of input from relevant 
academic journal articles, user specified 
knowledge, and input derived from both tabletop 
exercises and technology deployment 
workshops.  

The funding for this project, however, was 
contingent upon producing a product that would 
be commercialized and brought to market for 
future utilization by water utilities throughout 
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the nation.  This required CWRS to formulate a 
market assessment that would produce the 
information needed to effectively transition the 
project from university creation to commercially 
viable product.  This proved to be difficult 
internally for CWRS as none of the staff have 
had formal experience with such endeavors.  
This realization led the team to consider outside 
sources of producing such a blueprint and that 
the most practical means of completing the 
initiative would be through partnership with the 
WKU Gordon Ford College of Business, or 
more specifically the Master of Business 
Administration (MBA) department within the 
College.

2. Literature review

The pressure for universities to produce 
research that is both innovative and profitable 
has increased markedly in the since inception of 
the Bayh-Dole Act.  This burden has increased 
the support infrastructure given to faculty at 
universities across the United States.  Research 
on this topic has found that the size and age of 
institutions Technology Transfer Office (TTO) 
is positively correlated to profitability, licensing, 
and patenting of university research [3].  The 
process of commercialization is also known to 
be, fundamentally, an interdisciplinary endeavor 
and institutions, such as Syracuse University, 
have made worthwhile attempts at linking these 
divergent sectors of the commercialization 
process [4].  Not only do the universities need to 
supply their faculty and researchers with this 
critical support network, it has also been 
demonstrated that a universities 
commercialization policies need to be coherent 
and feasible for long-term success [5].    
Inevitably, this means that any institution hoping 
to establish a viable technology transfer program 
must establish components similar to these.

Universities must also meet the needs of 
their students by supplying them with an 
education that can effectively prepare them for 
life outside the confines of their college campus.  
This is especially true of MBA students, whose 
line of work will require them to communicate 
with those that are not only culturally and 

socially diverse but increasingly those that have 
a different professional background.  This 
requirement sets a need for an education that 
exposes students to environments where 
interaction isn’t isolated to those with similar, 
business-related backgrounds [6].

Unsurprisingly, further research has 
uncovered that business students exposed to 
what they perceive to be “real” or “authentic” 
projects derive greater benefit educationally, 
than those exposed to constructed or invented 
scenarios [7].  Though much more methodical 
pedagogically, the principles learned from this 
material were apparently present in this initial 
program at WKU.

Thus, comingling the educational and 
research objectives of the university would thus 
serve to enhance the university both financially 
and academically.  Also, students from the MBA 
program would be exposed to fruitful learning 
experiences that would be benefit to their careers 
and researchers would find that the burden of 
moving their research from academia to market 
had been lessoned as well.  

3. Initial meeting

The MBA department was obliged to supply 
a marketing class in which students would have 
the opportunity to create market assessments for 
a real-world, applied scenario.  The course 
chosen for this endeavor was an Advanced 
Marketing class taught by Dr. Patricia Todd.  
Strategically, the plan was for CWRS faculty 
and staff to introduce Dr. Todd’s students to the 
objectives of the Water-Expert project and 
explain what CWRS needed from the students.  
Dr. Todd would then guide them through 
construction of the actual market-assessment.  

The class itself was comprised of what the 
MBA department has designated to be 
professional MBA students.  These individuals 
have at least 4-5 years of mid-to-upper level 
management experience in a professional 
setting; as such, they were no strangers to 
professional projects:  However, few of them 
had experience in real-world marketing 
applications.  
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The initial meeting, which took place during 
the first scheduled class, was the last scheduled 
interaction between CWRS and the MBA class 
until formal presentation of the completed 
projects.  Dr. Todd provided the students with a 
template that would guide the students through 
the creation of a standardized market assessment 
and the students were to direct their questions 
regarding the software and overview of the 
NIHS/DHS project to the CWRS staff.  The 
students were already pre-divided into three 
groups and each of these units would serve to 
generate their own individual assessments.  

4. Process

To facilitate interaction amongst the 
marketing class and CWRS, each student was 
given access to a discussion board hosted by 
Open-Environment, the start-up Professional 
Limited Liability Company (PLLC) which is to 
be used as the vehicle for commercializing 
Water-Expert.  Moreover, granting each group 
member access to the site gave the students the 
ability to examine the mission and purpose of 
not only the software package but the company 
as a whole.  This assisted the students in putting 
together a complete picture of the target market 
for the company and its abilities, as they relate 
to the staff’s capacity and their previous 
professional experience.  At the request of the 
class the discussion boards themselves were 
organized according to the three previously 
mentioned groups and access to the comments 
and questions of each student posted was 
restricted to his or her own group.

The line of communication was further 
extended to include informal meetings which 
were organized outside of the classroom 
between each student group and a member of the 
CWRS staff.  During these meetings, the 
students asked questions that had arisen during 
their investigations and staff members attempted 
to answer these either at the meeting or through 
further inquiry.  

Introduction to the software’s capabilities 
was also provided as a secondary benefit of 
hosting the first of four Technology Deployment 
Workshops (TDWs) during the creation of the 

market assessments.  The primary function of 
the TDW was to bring together water utilities, 
regulatory agencies and any other potential 
stakeholders so that they could witness the 
capabilities of the software firsthand and provide 
feedback on current and future development 
priorities. The MBA students were invited to 
also participate in these forums and those who 
were available attended.  This gave the students 
the opportunity to interact first hand with 
potential users of the software, further enhancing 
their ability to supply a well-developed market 
assessment. 

5. Benefits to the MBA program

According to the Accreditation Standards set 
by the Association to Advance Collegiate 
Schools of Business (AACSB), who accredits 
WKU’s MBA program, the core functions of a 
graduate level business education are to expand 
the students capacity “to apply knowledge in 
new and unfamiliar circumstances through a 
conceptual understanding of relevant 
disciplines” [3].  As such, this project assisted 
the MBA program in accomplishing one of its 
core requirements, as stipulated by its 
accrediting organization.

It has been demonstrated by Wee et al. 
(2003) that a marketing curriculum focused on 
real world problem solving, can in-fact better 
prepare students for jobs once they have 
completed their studies [8].  Additionally, 
Srivastava et al. (1999) examined in depth the 
role marketing plays in what they identified as 
the three core macro business processes which 
include the Product Development Management 
(PDM), Supply Chain Management (SCM), and 
Customer Relationship Management (CRM).  
According to Srivastava, each of these processes 
is driven by environmental factors, such as 
dynamic customer bases, and changes in these 
factors are continuous, necessitating that an 
organization be continually fluid and adaptive to 
these changes.  Marketing is inherently based 
upon facilitating a business’s customer 
relationships and providing value to this group.  
As such, these skills provide businesses with the 
ability to track and change their core functions 
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in response to a dynamic customer base.  This 
makes applicable marketing experience a benefit 
to both current and future business leaders [9].

6. Benefits to CWRS and WKU at large

Inherently, CWRS benefits in two clear 
facets; they received, at no-cost three market 
assessments with multiple viewpoints.  
Additionally, benefits are derived from allowing 
so-called “business minds” to examine business 
topics, instead of having the researchers 
themselves step out of their discipline into a 
foreign arena.  

More importantly, the university at large 
may be able to take this example of 
interdisciplinary partnership and extend its 
functionality for others interested in pursuing 
future licensing of intellectual property.  WKU 
is in the midst of unprecedented growth, being 
the fastest growing Kentucky institution of 
higher learning, growing for 14 consecutive 
years [10].  This growth has been coupled with 
additional advancement in obtaining outside 
funding; bringing about the creation of the WKU 
Research Foundation, the WKU Center for 
Research and Development (CRD), and the 
WKU Small Business Development Center 
(SBDC), all within the last 13 years 
[11][12][13].  

Additional funding has simultaneously 
heightened the probability that the university 
will become a greater producer of intellectual 
property with commercialization potential.  This 
program is currently in transition, as the 
University recently hired a new Vice President 
for Research and has begun to centralize all 
research occurring within the University under 
the Office of Sponsored Programs.  However, 
the commercialization process is still lacking a 
definitive direction in terms of future projects.

The effectiveness of such programs in 
cohesively integrating with graduate business 
students is well documented in the case of the 
Oak Ridge, Tennessee organization tech 2020 
and its partnership with the University of 
Tennessee-Knoxville and the University of 
Tennessee Research Foundation.  This 
partnership established the Center for 

Entrepreneurial Growth (CEG), which functions 
much like the WKU SBDC.  In addition to a 
host of other benefits, this partnership offers 
assistance in developing marketing plans 
utilizing the University’s undergraduate, 
graduate and Ph.D. students.  As of December 
2009, this program has assisted 20 companies, of 
which 12 are currently active, while three others 
have successfully “graduated” into merger or 
acquisition [14].  

Other institutions, such as the University of 
Colorado, integrate the capabilities of their 
Technology Transfer Offices (TTOs), in 
addition to MBA students, in creating market 
assessment for potential commercialization 
projects.  In the case of Colorado, a program 
entitled Market Assessment Program (MAP) 
encourages partnerships between business 
school faculty, science and engineering faculty, 
and graduate students from both disciplines by 
creating a competition in which winning 
proposals are given approximately $8,000.  
These proposals detail specific niches that a new 
technology can fill as identified by a team 
composed one industry expert, one TTO officer, 
one faculty/graduate student research, and one 
MBA student [15].

In the coming years WKU will need to take 
steps toward such integration among the campus 
community if it hopes to institute an effective 
technology transfer program.  Research has 
demonstrated that this process may take a 
decade to effectively form, yet the building 
blocks must begin in the present for future 
prosperity [16].

7. Challenges

The process of creating preliminary market 
assessments was met with some resistance. In 
particular, two pronounced areas continually 
presented challenges to both the MBA students 
and CWRS staff: communication and 
understanding.

The difficulty experienced with 
communication was lack of viable times to meet 
with students and discuss issues in person, rather 
than via email.  This was explicitly linked to the 
fact that this was a professional MBA class, with 
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students employed on a full-time basis and 
taking classes only at a part-time rate.  As such, 
when CWRS representatives were normally 
available to discuss the project, the students 
themselves were typically at their normal jobs, 
unable to discuss their outside projects.  This 
was partially overcome by meeting before the 
actual class times or by exchanging email.  
However, email was found to be quite limited 
when trying to explain complex, unfamiliar 
topics to the students and vice versa.

This was the second major hurdle 
encountered during the project, understanding.  
Some of the terminology utilized by CWRS was 
foreign to the majority of the MBA students, 
while business terminology they conveyed was 
new to much of the CWRS staff.  While this 
presented a challenge, it was easily overcome 
with patience between each group and the 
willingness to explain these unfamiliar 
vocabularies.  

While many organizations have attempted 
to eliminate their inter-organizational 
differences, research by Kaufmann and Tödtling 
(2000) has found these different systems of 
communication to be a stimulant of innovation 
within organizations.  In effect, by maintaining 
distinctive forms of communication, an 
organization maintains discrete forms of 
thinking amongst its divisions.  Therefore, the 
organization should not completely remove such 
barriers to communication by making them 
operate in identical fashions but should instead 
allow them to retain their autonomy [17].

8. Conclusions

The process of completing this task is yet to 
be fully realized.  It will require a formal 
integration of the three assessments compiled by 
each of the MBA student groups into a cohesive, 
stand-alone document and additional 
development of the software.  However, the 
process provided distinctive benefits to each of 
the departments involved; CWRS received three 
well researched market assessments at no cost, 
the MBA department was able to provide its 
students with a hands-on learning experience 
that helped to develop their skills in regard to 

application of marketing in holistic business 
functions and aided their ability to meet 
accreditation standards defined by the AACSB.  
However the entire WKU community will 
indirectly benefit from this experience as it 
opens up the pathway for future utilization of 
such commercialization avenues that will be 
necessary if WKU hopes to capitalize upon 
increasing capacity to develop such outputs.

This process is not without its problems and 
a more formal standardized outline for future 
WKU commercialization ventures may be 
necessary to maintain a sustained technology 
transfer effort.  This will require the WKU 
Office of Research to go about coordinating 
such interdisciplinary ventures and release the 
researcher from having to pursue this endeavor.  
The standardized process would also allow the 
professors and instructors in the MBA 
department to be better prepared for these 
projects, possibly leading to classes tailored to 
accompany them.  Additionally, this would 
likely produce a greater number of WKU 
business and marketing students interested in 
pursuing entrepreneurial ventures, increasing the 
likelihood of future start-ups in the Bowling 
Green region and coincidentally foster economic 
development.  In short, while the project of 
interest produced satisfactory results, further 
development would likely yield greater 
dividends.    
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Abstract 

The US Department of Commerce states that 
the food industry is one of the United States’ 
largest manufacturing sectors, accounting for 
more than 10 percent of all manufacturing 
shipments of which in-store bakery products 
accounts for annual sales exceeding $20 billion. 
Successful in-store bakery chains have to be 
skillful in adjusting production techniques to be 
more efficient and cost effective without 
affecting the quality of the product. This project 
identifies the factors that directly or indirectly 
related to the productivity of an in-store bakery 
in a major grocery chain. Lean Six Sigma 
DMAIC methodology was used to organize and 
improve the processes to reduce waste from 
waiting, movement and excess inventory. The 
project objectives were to identify the current 
process, collect baseline data, analyze and 
determine the root causes. From this analysis 
future actions were developed for sustainable 
improvement taking into consideration the 
working environment and culture within the 
bakery. A project charter was developed to 
improve space utilization for storage and 
production, perform feasibility analysis to add 
additional capacity to cater two other in-store 
bakery demands within the grocery chain, and 
establish a workable sanitation schedule. This 
was accomplished without additional 
infrastructural changes. The outcome of this 
project saved substantial capital costs and 
eliminates the necessity to setup additional 
bakery facilities to meet extra capacity.

Introduction 

Facility which has a 3,500 sq. ft. of bakery 
space was chosen for the study which had 1,875 
sq. ft. of free space for processing and workers 
movement (figure 1). This bakery currently 

produces baked goods for their own store and 
for two other stores. Conventional baking 
process creates inefficiencies in processing time 
and resource utilization. This results in space 
limitation for storage of bakery racks and 
movement of workers.

Currently the bakery produces donuts, 
cakes, cookies and bread. Bread and donuts are 
made in the evening so that they can be 
delivered fresh at night. Cake decoration is 
performed in the morning and the finished 
product is kept in the freezer and pulled when 
necessary. Rest of the bakery products are 
processed during the day. The bread products, 
cookies and donuts are prepared 

Figure 1: Bakery production area map

from the frozen dough which is acquired form a 
third party. In total this bakery produces 78 
categories of bakery products round the clock, 
has six major processes where five of them are 
production processes and the other is delivery. 
This bakery has two freezers, one cooler, three 
mixers, donut making equipment, three ovens, 
and a proofer (action of yeast to ferment to get a 
desirable volume). Metal storage shelves are 
utilized to store bakery ingredients inside the 
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production area while heavy containers such as 
butter and bags of flour, sugar are kept outside 
the production area. In addition a large number 
of portable bakery racks are randomly stored 
within the bakery floor. 

The above condition creates inefficiencies in 
resource movement that affects scheduling, thus 
affecting productivity which is a key issue in 
minimizing costs.   

1. Literature review

In the food manufacturing industries, the baking 
industry is one of the most stable sectors 
(Liberopoulos and Tsarouhas, 2003). The bread 
market is a mature market, with nearly complete 
market penetration. Approximately 98 percent of 
all households purchase fresh bread, as a result 
the market is driven primarily by new product 
introductions and extensions of existing product 
lines. In 2002, bakeries introduced 1,145 new 
products. (Payne, 2003). Due to the steady 
increase in demand the industry grew rapidly by 
adopting automation, and improved ingredients 
for faster fermentation. Small/medium 
companies reduces processing time by adopting 
the ready-to-bake frozen dough but still lack in 
automation due to costs associated with 
investment, plant space and demand versus high 
production capability. Therefore, large 
companies are focusing on volume production 
whereas small companies are focusing on 
diversified product range (Pieter Decock and 
Stefan Cappelle, 2005). 

In a highly automated system three major 
concerns that can impact on productivity is the 
system failure, buffer time and the slowest 
workstation which is the oven (G. Liberopoulos, 
P Tsarouhas, 2002). But for small/medium size 
companies vital factors are proper scheduling for 
the bakery personnel to meet the demand, 
resource utilization and floor layout which 
complement smooth flow of operation. The 
layout or arrangement of people, materials and 
machine is a crucial factor directly related to 
future capital investment, productivity and 
inferior working environment. This problem is 
common to every industrial plan especially 
visible to large enterprises. Small to medium 
companies often overlook this problem due to 
their low production volume and consider as 

unnecessary expenditure by management. This 
is because the problem lies within the process 
and rarely visible to people which eventually 
creates obstacles to productivity (Moore, 1962, 
p. 90-100). Muther (1955) a pioneer in plant 
layout conveyed that when operating more than 
one shift with high population density, the 
regular aisles mush be kept free. When these 
conditions hold, it is essential to provide special 
access feature for personnel. A good plant layout 
provides overall process simplification, 
minimize cost of material handling by 
integrating related work and batch processing, 
thus providing high turnover, effective space 
utilization, and avoids unnecessary future capital 
investment. By continuous improving layout 
reducing waste in time, material and labor, 
stimulates effective labor utilization by 
removing non-value added activities, and 
increase job satisfaction, morale and safety. One 
of the ways to reduce production cost is to 
eliminate or reduce all non-value added 
activities to a minimum. Increasing productivity 
is not only limited to adopting advance 
equipment, increase plant size or increasing 
labor which involve costs but also concern with 
optimizing production as per the slowest 
movement process step, and establish process 
driven layout for faster material movement. This 
would be beneficial for companies dealing with 
tight capital investment and would be a best 
practice to develop a continuous improvement 
attitude among employees and justify investment 
to management in any time of the business life 
cycle.

2. Define 
A project charter was developed by the 

project team that defines the problem statement 
and goal statement. The scope was to limit the 
project to work within existing infrastructure 
and without incurring excessive cost. Voice of 
the customer (VoC) is collected through 
interviewing all stakeholders and categorized 
under SWOT (Strengths, Weaknesses, 
Opportunities and Threats) analysis. The 
strengths (S) are 24/7 operation to supply two 
additional in-store bakery demands and 
procurement of quality ready-to-bake dough. 
The weaknesses (W) are bakery racks are 
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creating obstacle to movement, lack of 
expanding the area of the bakery, manual 
operating procedures, lack of sanitation schedule 
and high worker turnover rate. The opportunities 
(O) are management is well aware of lean 5S, 
willingness to support the changes for the 
smooth operating environment and scope to 
increase production to support more in-store 
bakeries, and the threat (T) are bakery industry 
is highly competitive and increasing cost for 
establishing an in-store bakery for new stores. 
The Critical to Quality (CTQ) factors were 

 Establish smooth operating flow through 
proper layout arrangement.

 Minimize waste (movement, inventory 
and waiting)

 Resource utilization data for better 
scheduling

The following objectives of the project were 
developed. 
 Collect baseline data on process flow, 
resource utilization
 Propose changes to maximize space 
utilization for smooth movement
 Feasibility to service two additional 
stores from the existing bakery facility 
 Develop a sanitation schedule 

3. Measure

Data for measurement was collected through 
following studies;
(a) Time study of the major processes
(b) Develop From-To chart from time study
(c) Measure ovens and proofer utilization for 

baseline data
(d) Freezer and cooler utilization 

Time-motion study of the major baking 
processes reveals the time it takes to produce a 
certain type of bakery product and their 
movements (figure 2 is a template used in this 
project). As per their practice, oven #1 
(revolving tray oven) is primarily used for cakes 
and pies, and oven #2 and #3 (rotating rack 
oven) are used for donuts, breads and cookies. 

Figure 2: Time motion study template

From-to chart was used to observe the 
frequency of movement of resources (workers 
and materials) to different locations during the 
cake baking process and to identify unused 
workstations (tables, metal shelves and movable 
units). The capacity and time utilization as a 
percentage were calculated form the data. For 
oven #1 and proofer, the percent capacity 
utilization and time utilization are measurable 
parameters and for oven #2 and #3 only the 
percent time utilization is measurable because 
the capacity is always 100%. For measurement 
purpose all workstations are labeled with short 
codes like PT1 (preparation table 1), DF (donut 
fryer) etc. 
(a) Time study: 

Out of six major processes, following five 
are production processes and the other is 
transportation,

 Bench day production (coffee cakes, 
strudels, muffins, Danish rolls etc.)

 Cake scaling (Muffins, cream cakes, 
brownie fudge, pound cakes etc.)

 Donut production (bakery donut, yeast 
donut, paczki donuts etc.)

 Bread production (Bun & roll, crusty 
Italian bread, hamburger buns, hot dog 
buns, rye bread etc.)  

 Cake decoration (custom cakes, Éclair, 
cake slices, cupcakes etc.)

Cake scaling products are made from scratch. 
The time study revealed that approximately 
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49.09 decimal minutes was consumed to prepare 
one batch (one bakery rack) of cake scaling 
product for baking. Donut production has a 
dedicated space and is not considered in this 
study. Frozen bread dough and bench day 
products are acquired from a third party. 
Processing of those products encompasses 
proofing and baking. Cake decoration is a post 
baking process.   
(b) From-To chart: 

This chart was developed for the five major 
production processes. This chart depicts the 
frequency and distance travelled to accomplish a 
task and helps to identify movement related 
issues like congestion areas, unused areas and 
workstations, layout effectiveness etc. 

Figure 3: From-To chart

This chart showed the highly used 
workstations are for cake scaling and bread 
production (which is also used for bench day 
production and packaging).  
(c) Ovens and proofer utilization:     

Data from three consecutive days was 
collected based on high, average and low 
production volume to observe the proofer and 
ovens utilization. A video camera was installed 
to capture the oven and proofer usage.

On average, oven #1 was used 56.94% of the 
time with 41.18% capacity (figure 4), oven #2 
was used 36.31% of the time (figure 5), oven #3 
was used 17.00% of the time

Figure 4: Oven #1 utilization

Figure 5: Oven #2 utilization

Figure 6: Oven #3 utilization
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Figure 7: Proofer utilization

(figure 6) and proofer was used 51.93% of the 
time with 35.42% capacity (figure 7).  
(d) Freezers and cooler utilization: 

Freezer interior has hanging shelves on the 
walls and space for bakery racks. Freezers are 
used mainly for storing decorated cakes. 
Cooler#1 and Freezer#2 also have hanging 
shelves which are used to store ingredients like 
dough, frozen donut, fat, butter, icing etc. The 
floor space is used for storing cake scaling 
products and donuts (in baking racks) ready for 
delivery. 29 days of data was collected from 
three shifts and on average 13, 8, and 12 racks 
were present on the floor space of freezer #1, 
cooler and freezer #2 respectively. However, the 
floor capacity can hold 37, 74 and 19 bakery 
racks respectively. Freezers and cooler does not 
contain finished bread and cakes. 

4. Analysis
Other than cake scaling all bakery products 

are acquired as frozen dough. Those products 
are arranged in baking trays, proofed and baked. 
As proofing and baking time cannot be altered 
the only improvement areas is to reduce 
movement related waste. Cake scaling products 
are prepared from scratch. Management was 
interested to install an automated depositor to 
prepare cake scaling products which can be 
handled 4 batches in 7 to 8 minutes. Due to 
space unavailability that project was not 
initiated. This depositor will increase the 
capacity utilization and decrease time utilization 
of oven #1.  

From the oven and proofer utilization 
several patterns have been revealed. Oven time 
utilization has a decreasing pattern due to little 
accessibility to oven #2 and #3 than oven #1. 

Oven #3 was barely used by the workers 
because of the difficulty of adjusting time and 
temperature, and limited accessibility. The path 
that is available for workers to access oven #3 is 
shown in figure 8. The access path is obstructed 
by the occupation of workers performing tasks, 
the presence of bakery racks which are mostly 
empty, and the absence of an alternative path. 

Figure 8: Unused areas and major 
walking path

From the From-To chart, unused 
workstations were identified, ingredients that are 
heavy were kept outside the bakery because the 
metal shelves inside the bakery are not suitable 
for storage. It is very difficult for a worker to 
load and unload heavy ingredients (sacks of 
sugar and flour) from a shelf.  

Even though cake decoration process has a 
dedicated space, the area surrounding this 
operation is congested with racks containing 
ready-to-decorate products and shelves which 
had seasonal materials (figure 9). Although the 
shelves do not affect the major walking path, the 
racks do. There is substantial unused space 
adjacent to the shelves (figure 8). 

All above circumstances are related to the 
ineffective layout plan which was improved in 
improvement phase.

5. Improve
The From-To chart identified unused metal 

shelves and movable workstations. These were 
removed from the production space. From the 



Proceedings of the 2012 IEMS Conference

120

secondary research it has been found that the 
walking aisle needs to be separated from the 
working area. Two tables were ordered, one for 
cake scaling (removed 8 ft. X 2.5 ft. and 
replaced with 8 ft. X 4 ft.) and the other for 
bench day/bread production (removed 12 ft. X 4 
ft. and ordered 6 ft. X 4 ft. table). Between 
workstations a 5 ft. gap was allowed so that two 
workers can work while standing. The depositor 
needs 4 ft. X 4 ft. floor space and can be 
installed on the new cake scaling table top. 

In the decoration area, all unused metal 
shelves (shelves 2 to 5 in figure 9) were 
removed and installed two tables to shift the 
workload from the walking aisle to a dedicated 
corner (figure 9 shown by the arrow) and 
removed unused workstations to free up space 
for walking.  

Figure 9: Arrow points the workload 
shifted to the corner of the cake decoration 

area

The operating panel of oven #3 was replaced 
by a similar panel used in oven #2.

Instead of metal shelves, heavy duty plastic 
bases (pallets) were placed in several identified 
locations to minimize movement in raw material 
pickup. Figure 10 shows the new layout with 
multiple access paths to workstations where 
major path is separated from working areas. 

Figure 10: New layout with multiple access 
paths to workstations

Group technology can be applied in mixing. 
It is a grouping technique to improve efficiency 
where activities have similar processing needs.

Five nested Z-racks were ordered instead of 
conventional fixed bakery racks for pilot testing. 
These racks can be nested like shopping carts 
which are easy to organize and save space. Four 
nested Z-racks can occupy the space of one 
fixed bakery rack when nested. 

A four weeks period was allowed for 
workers to adjust to the new layout. 
Subsequently, three days data was collected on 
ovens and proofer to observe the improvements 
(utilization charts are shown in figure 11 to 14). 
Even though for oven #3, time utilization 
increased by 22.24% but time utilization of all 
three ovens are balanced (table 1) due to the fact 
that workers now can easily access to all three 
ovens and proofer evenly.    
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Figure 11: Oven #1 utilization (after)

Figure 12: Oven #2 utilization (after)

Figure 13: Oven #3 utilization (after)

Figure 14: Proofer utilization (after)

Table 1: Oven and proofer prior and post 
time utilization

Equipment Prior Post
Oven #1 56.94% 41.67%
Oven #2 36.31% 31.94%
Oven #3 17.00% 39.24%
Proofer 51.93% 52.78%

6. Control 
Random visits were made during the last 

four months to observe the sustainability of the 
changes. In addition the cake scalar was 
interviewed on issues that may have surfaced 
subsequent to the changes made. There were no 
negative issues reported.

 The changes made in the cake decoration 
area remain the same and is less congested. 
Heavy supplies are now kept underneath the 
tables and on top of a base beside mixer #2. The 
wall mounted shelves has allowed the workers to 
store frequently used items for cake decoration 
including packaging materials. Utilization of 
ovens and proofer have been balanced since the 
last observation. Twenty new nested Z-racks 
were ordered to replace fixed bakery racks.    

7. Conclusions
From the time utilization data it is clear that 

oven and proofer are balanced and have excess 
capacity to increase production to add orders 
from two additional stores. Freezers and cooler 
also have sufficient capacity to include 
additional stores. Automated cake depositor was 
not commissioned during this project deadline to 
gather improvement data. Group technology for 
mixing cake scaling products and for cake 
decoration icing was recommended to the 
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bakery manager to streamline production. 
Additional stores are not yet added into the 
production schedule. High worker turnover rate 
is causing scheduling issues and affects the 
efficiency that causes production time variances. 
Management needs to be involved increasing the 
worker satisfaction prior to rolling out a new 
schedule to add additional stores.         
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1. Introduction

This technical note is an extension of the JMEI 
paper by Ngnepieba and Ridley [1] as it relates 
to combining antithetic time series. There are 
various ways in which a mathematical model 
can be biased. In the case of a distributed lag 
time series model with serially correlated errors, 
the parameters of the model are biased and fitted 
values from the model are biased (Griliches [2]). 
Another way is if the data are from an 
asymmetric non-normally distributed 
population. Another possibility is that the data 
are from a limited sample such that the 
population is truncated and distorted, and a 
sampling bias occurs. The errors associated with 
the model can become correlated with the lagged 
time series variable. That is, in addition to 
random errors, the fitted values contain a 
component of error that is systematically biased. 

Antithetic time series modeling is a 
method for creating new fitted values that are 
inversely correlated with the original fitted 
values. This reversal of correlation is 
accomplished by raising the fitted values to an 
infinitesimally small negative exponent. Then, 
the new fitted values so obtained and the 
original fitted values are combined so as to 
eliminate the component of error that is biased. 
Only purely random errors remain.

This method of reverse correlation was 
applied to antithetic time series analysis in 
Ngnepieba and Ridley [1]. The results were 
stated there, but they were not fully illustrated. 
The purpose of this technical note is to show 
how the time series model was applied to 
reducing the model fitted mean square error 
(mse), and the characteristics of how the mse 
changes with the combining parameters. 

2. The antithetic time series model

Consider the time series Xt, -∞≤t≤∞, from 
which a sample xt, t=1,2,3,…,n, is taken. 
Suppose that xt=fxt-1+ϵt, t=2,3,…,n, is a time 
series model which is biased due to serially 
correlated errors or due to data sampling bias, 
such that the covariance Cov(ϵt,xt-1)≠0. The 
reversal of correlation between xt and xtp as 
p→0-, was proved by the Ridley [4] antithetic 
time series theorem for the lognormal 
distribution, and demonstrated by Ngnepieba 
and Ridley [1] for the gamma distribution. 

Since limp→0-Corr(x,xp)=-1, xtp can 
be expressed in the original units of xt, by 
means of the linear regression of xt on xtp: 
xt=c0+c1xtp+ εt, where c0 and c1 are least 
squares estimates and  εt is an error term that 
approaches zero, so that a near perfect estimate 
of xt is obtained from  xt'=c0+c1xtp. Similarly, 
denoting the fitted values as xt, then  xtp can be 
expressed in the original units of xt from 
xt'=c0+c1xtp. Both estimates xt and xt' contain 
errors. These errors contain two components. 
One component is purely random and one 
component is systematic bias. Combining the 
estimates cancels the systematic bias 
component, leaving only the purely random 
component.

Substituting for c0 in xt'=c0+c1xtp,
xt'=x-c1xp+c1xtp=x+c1(xtp-xp)

Denoting the sample standard deviation in xt by 
s, the sample variance and covariance by s2, and 
the sample correlation coefficient by r,
xt'=x+(sxxp2/sxp2)(xtp-xp)
xt'=x+(sxxp2/sxp2)(s/s)(xtp-xp)
xt'=x+rxxp(s/sxp)(xtp-xp).

The combined fitted values are given by 
xc,t=xt+1-{x+rxxp(s/sxp)(xtp-xp)},
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where -∞≤ω≤∞, and  ω is chosen to minimize 
mse=(n-1)-1t=1nxt-xc,t2.
(Ridley [3] antithetic fitted function theorem).
The steps for obtaining the combined antithetic 
fitted values are outlined as follows
Step 1: Estimate the model parameters and fitted 
values xt=f(xt-1), t=2,3,…,n
Step 2: Set p=-0.001 to approximate p→0-
Step 3: Calculate =t=2n(xt-xt')( xt-xt')/
t=2n ( xt-xt')2 
 Step 4: Calculate xc,t=xt+1-
{x+rxxp(s/sxp)(xtp-xp)}, t=2,3,…,n
(see Ridley[4][5] and the Ridley [3] antithetic 
fitted error variance function theorem).

When applying this model to actual 
data, typical of what can be expected, the model 
is restated as

xc,t=xt+1-
{x-(s/s(x+λ)p)((xt+λ)p-(x+λ)p)},   (2.1)
where -1 replaces rxxp, p=-0.001, and where  
is used to facilitate the power transformation. 
The values of  and  are chosen to minimize 
the fitted mse. Whereas xt is biased, xc,t is 
unbiased.  In Ngnepieba and Ridley [1],  and  
were found by grid search (FOURCAST [6]). 
However, the effects of these parameters were 
not fully illustrated. In this technical note the 
mse is specified and graphed to illustrate and 
interpret the effects of  and  on the mse.

3. Optimizing , 

We are interested in finding the optimal ω and λ 
that minimize 
mse=(n-1)-1t=2n( xc,t- xt)2, p=-0.001.
From (2.1),
mse=(n-1)-1t=2n[xt+1-
{x-(s/s(x+λ)p)((xt+λ)p-(x+λ)p)- xt}]2

Figure 1 shows the combined mse for the 
empirical electric heater sales data analyzed in 
Ngnepieba and Ridley [1] and in Chatfield and 
Prothero [7]. At ω=1, the before combining 
autoregressive AR12 model mse =2226. The 
best ω=1.17, λ=432(mse is not very sensitive 
to λ), and antithetic combined mse = 1906. The 
reduction in mse is 14.4%.

Figure 1. Combined mse vs , .

6. Conclusions

Antithetic time series analysis can be applied to 
eliminate bias in fitted values from 
autoregressive time series models. The result is 
reduced mse. The graphical analysis presented 
here shows that the combined mse is a smooth 
continuous function of the combining 
parameters  and . The optimal parameters 
were found by grid search. A suggestion for 
future research is to obtain the combining 
function that is differentiable with respect to the 
parameters such that and from which the 
parameters can be computed directly.
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ABSTRACTS

      The United Nations has designated 2012 as 
the International Year of Sustainable Energy for 
All. Broadening access to sustainable energy is 
essential to solving many of the world's 
challenges, including food production, security, 
and poverty. A mathematical evaluation method 
is proposed for this study. This method is easy to 
apply and uses linear programming model. The 
method is illustrated with real data from 
industrialized countries. Data on green energy 
sources of Solar, Wind, Hydropower, Biomass 
and Geothermal have been analyzed. With 
information such as the cost to produce green 
energy, and the percentage produced by 
countries in comparison to their national 
consumption will allow us to get a better 
understanding of the efforts each nation is 
making in going green.

INTRODUCTION

      As the population grows, so does the 
demand for electricity. With the growing 
demand for electricity, there is a growing 
concern of the effects it has on our environment. 
In an effort to decrease the use of conventional 
resources, governments around the world began 
subsidizing the research and use of green 
technologies. It was the backbone to the 25 
percent growth the United States experienced in 
the past several years in that industry. While the 
growth is important, we must look beyond the 
cover of the book as there are many issues that 
we will see in the near future. The subsidies 
attract flocks of investors who look for the 
fastest way to recover their investments and the 
government favors low-risk investments. In turn, 
most of the investments made in green 
technology have been in low-risk and low-return 
situations. The need for innovation still exists as 

it is innovation that is the solution to a long-term 
green industry. We will study these issues that 
the industry faces and relate them to the 
statistical data on renewable energy production 
in industrialized nations across the world.

Through the increased need in 
electricity, different types of renewable energy 
have been discovered each having its own 
advantages and disadvantages.  Currently there 
is a big movement in the world to produce more 
renewable energy. Many governments around 
the world are passing various bills in order for 
utilities to produce more renewable energy. It is 
obvious that the use of renewable sources for 
energy will have an impact on our lives in many 
aspects. 
     There is a significant pressure in the energy 
development market as “most of the world’s 
commercial energy supplies are provided by 
fossil fuels, with the associated emissions 
causing local, regional and global environmental 
problems” (Painuly & Fenhann, 2002). 
Therefore there is a need for energy efficiency to 
increase especially in the clean energy form. 
However, renewable energy only accounts for 
small portion of world’s total energy. Experts 
believe that this is a clear indication of a barrier 
which is slowing down the growth. They believe 
that this barrier can be either financial or non-
financial. But either way it needs to be 
indentified and addressed and policies need to be 
implemented in order to move in to that 
direction. 

Solar energy is generated via several 
common methods. The more frequent method 
gaining popularity and government funding is 
the solar home systems. Solar energy is perhaps 
the one source of renewable with a vast potential 
to not only supplement the increasing demand 
for electricity, but cover it and still have excess 
remaining. Statistically speaking, the total solar 
energy absorbed by the Earth’s atmosphere in 
less than a day is more than the electricity used 
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on Earth in an entire year. Of course, geography 
has much to do with how much of the potential 
solar radiation can be utilized, with equator 
being an ideal location and the poles being the 
opposite. In modern day, solar panels are seen in 
all areas of life. The government has taken 
initiatives by converting street lights into solar 
powered lamps. With the help of subsidies, 
many residences as well as commercial 
properties are installing solar panels on their 
roofs in order to reduce the use of conventional 
energy sources such as coal and natural gas. It is 
these very subsidies which are also causing the 
more recent drop in the growth of green 
technology.

While the use of these photovoltaic cells 
is gaining momentum, there are social obstacles 
that this industry faces today. In the 
Southwestern United States, an average of 7 
kilowatt hours per square meter per day is 
derived from solar plants, showing the 
importance of solar plants in the region. The 
Home Owners’ Associations in the United States 
have taken objections to the new increase of 
installations of solar roofs, calling them 
‘eyesores’. Since solar energy is still a new 
technology and continues to develop, more 
resistance is foreseeable in the future.

Wind power has been known to humans 
since around 300 BC. Wind energy has been 
used by sailors to set sail, by windmills to power 
irrigation systems and drainage, and more 
recently, to convert the wind energy into usable 
and storable forms of green energy. Today, there 
are enough windmills around the world to 
supply approximately 2.5 percent of the world’s 
demand. While it seems small, it amounts to an 
amazing 175 G-watts in 2010. Wind power, 
while producing small amounts of energy, emits 
zero greenhouse gases during operation and is 
therefore, an ideal replacement to our 
conventional methods. In fact, the cost per unit 
of energy produced by windmills is the same as 
that produced by a coal power plant. 

In coastal regions and areas with high 
frequencies of wind show an increase in the 
generation and use of wind energy. The most 
common method of generating wind energy is 
by turbines. Due to the low amounts of energy 
generated per turbine, it is not uncommon to see 
farms filled with windmills. The past several 

years, the industry for wind energy alone has 
experienced approximately 25 percent increase. 
The current leaders in terms of wind energy 
capacity are China with approximately 44,700 
MW, followed by the USA with 40,100 and 
various countries of Europe following after 
(Patel 2010).

Amongst these different renewable 
energy sources is hydroelectric power.  
Hydroelectric power simply stated is the use of 
flowing water to turn a turbine in which creates 
electricity.  Hydroelectric power is the most 
widely-used form of renewable energy and 
represents 19% of all electricity production 
worldwide (Perlman, 2011).

The use of hydropower dates all the way 
back to the early grain mills that used a wheel in 
a local river to turn the pole that crushed the 
grains.  This system has evolved into one that 
produces electricity by spinning a turbine in the 
same manner.  A dam is built in which a large 
turbine placed and connected to a generator.  
The water that builds up behind the dam is then 
directed through what is called a penstock, 
which starts higher at the beginning and ends 
lower in the dam.  This downward slope 
accelerates the water before it hits the blades of 
the turbine.  Once the water starts spinning the 
turbine, the generator starts spinning and 
generating electricity.  The electricity is then 
passed through a transformer and sent out the 
power lines for use. “Modern installations can 
convert up to 95% of the energy of moving 
water into electricity” (Barta, 2011).
            One of the major advantages of 
hydroelectric power generation is that almost no 
natural resources are consumed to create the 
power. This is also what makes this such a 
popular alternative to conventional power 
generation. That being said this power source 
has its limitations as well, the most obvious of 
which is the need for flowing water.  Moreover 
the placement of dams in non-natural locations 
does have an effect on the wildlife that 
surrounds it.  These dams must be located in 
places that are both beneficial to the electricity 
generation along with having the least impact on 
the environmental surroundings. There is about 
63,000 MW of untapped technical potential at 
about 37,000 dams that don't generate power in 
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the U.S. The opportunity to double capacity is 
real (Ray, 2011).

The heat from the Earth is another 
source that has been widely adopted and is 
presently used in 24 countries around the world. 
There is a difference in the range of 3000°C to 
6200°C. Extraction of heat or energy from 
geothermal sources depends on two main 
factors, the conditions of the rock where the heat 
is to be extracted as well as the quality of the 
geothermal heat carrier, such as its temperature, 
mineralization time, the heat efficiency and 
operation time (Nowak, Stachel & 
Borsukiewicz-Gozdur, 2010). There are two 
prevalent forms of extraction, single well and 
double well systems. For sources of geothermal 
heat where mineralization times are less than 1 
g/dm2. The major difference between the two 
systems is that in the single well system, the 
water source transporting the heat is transported 
after its temperature drops, the water is then 
stored in a reservoir for other purposes whereas 
the double well contains a second well where the 
cooled water is pumped back into the basin 
(Rawlings, 2011).

For centuries, the use of geothermal 
energy was limited. This was found mainly in 
regions near the tectonic plates. With the 
technological advances we have today, 
geothermal energy is produced in various parts 
around the world. The actual installed capacity 
of the world’s geothermal electricity is 
approximately 10,700 MW. Even though 
geothermal wells release greenhouse gases 
trapped within the Earth, in comparison to the 
conventional coal power plants, geothermal 
plants emit approximately one-eighth the 
greenhouse gases. The one major factor that has 
played a role in suppressing the widespread use 
of geothermal energy is the cost of setting up the 
wells. The drilling process and the installation 
processes are too costly (Geothermal Energy 
Report, 2009). 

Biomass is then energy that is produced 
mainly by burning wood, plants and garbage. 
Some homeowners burn their trash to create heat 
for their home which is not always practical 
(Rozenblat, 2010). There are plants that are 
called waste-to-energy plants where the heat 
generate from burning materials are used to 
generate steam which is used to heat the 

buildings or generate electricity. These plants 
create enough electricity to power 3 million 
homes. “Biomass generates 20 percent of all 
energy consumption in Sweden and wood-fired 
district heating systems satisfy more than half of 
the residential heat demand” (Gibson, 2010). 
Currently there are power plants in more than 50 
countries worldwide which supply to growing 
demand of electricity. At present, “several 
options for producing renewable power from 
biomass are available on the market, including 
fast pyrolysis, gasification and direct 
combustion” (Bohan, 2010). Certain countries in 
Europe such as Austria, Finland and Germany 
are increasing their total share of power from 
biomass.

Primary benefit of biomass is that it is 
renewable fuel. In addition, biomass energy 
include being able to cut down on amount of 
trash being placed in landfills. Since most of the 
thrash is burned to produce energy it benefits the 
next generation as they will not have to deal 
with it. Biomass is also used to produce methane 
gas, ethanol and biodiesel. As opposed to other 
renewable energy sources like solar and wind, 
biomass is not affected by changes in weather or 
seasonal changes hence it can be produced based 
on demand around the clock throughout the year. 
On the other hand there are also disadvantages 
of biomass energy as it needs to be managed 
carefully. If not take precautions when 
producing biomass it can damage the ecosystems 
and consume a lot of water. Biomass generally 
provides favorable prices, efficiency and 
emissions but it consumes large land and water. 
Also, biomass produces carbon dioxide, nitrogen 
oxides and certain organic compounds which 
pollute the air.

The EIA estimates that “biomass 
generation (including municipal solid waste) 
will grow from 1.4 percent of total U.S. 
generation in 2008 to 4.1 percent in 2020, or 
from 60 million MWh to 188 million MWh, led 
by wood and other biomass” (Clair & Fordham, 
2009). However, the industry is still relatively 
underdeveloped which has slowed the growth of 
biomass production.  There are many factors 
such as types of biomass, transportation, 
storage/handling and sourcing that the utilities 
must consider before pursuing the produce 
biomass.
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LITERATURE REVIEW

There are multiple benefits to increasing the use 
of renewable sources. In addition, there are also 
factors which are important to assess from a 
business standpoint such as supply, cost and 
potential. By using renewable sources, the US 
alone saves from $250 to $450 in GDP losses 
per Kilowatt of energy. There are other benefits 
to using renewable sources such as biomass, 
which is labor intensive with the process of 
growing, harvesting, and transporting these 
fuels. Labor intensive fields require more labor 
creating more jobs. Wind energy systems create 
in a range of 25 to 75 percent more jobs for the 
same amount of energy produced by traditional 
plants using fossil fuels. Immediately, we notice 
the attractive financials that result from the use 
of renewable sources. However, there is a lot of 
opposition to renewable sources as well 
(Menegaki, 2008).

Wind energy faces concerns over land, 
sound, and bird fatality. Solar energy faces 
concerns with the manufacturing, installation, 
and disposition of panels. They also raise 
concerns over land value and the visual 
attractiveness of these panels in residential areas. 
Biomass energy faces concerns over air 
pollution since it burns biological sources to 
create energy. On the other hand, as it actively 
takes part in the carbon cycle, it emits 90 percent 
less pollution that fossil fuel plants. 

According to Victor (2011), the benefit 
of using wind turbines is the simplicity of its 
design and its relation to solar power. It makes 
wind energy more sustainable in comparison to 
other renewable sources such as geothermal. The 
largest and most obvious of the social barriers 
faced by wind energy today is their visual 
presence over large areas of land. Communities 
have claimed that land values have dropped, the 
turbines are noisy, and they leak oil. In the past 
ten years, using new design improvements, 
public support has been gained in some regions. 
In Palm Springs, wind farms are encouraged. 
Once this issue was settled, others have been 
raised, such as bird mortality. In contrast, in the 
state of Wyoming, the focus resided on the 
impact on the oil industries present in the state. 
These issues are not isolated in the USA alone. 
In the UK, Lewis Wind power lost to the locals 

and their appeals to the government in an effort 
to conserve the traditional ways of life they 
exhibited. It is obvious that while wind turbines 
generate no emissions, their visual presence is 
not ignored and obstacles are appearing left and 
right. 

Pasqualetti (2011) mentions the 
obstacles we faced in California, about 75 miles 
north of San Francisco in the Mayacamas 
Mountains. First, there is the landscape 
footprint, where approximately 30 square miles 
of land was blocked in order to place the pumps. 
Second, since it is a mountain, several 
alterations to geography were required, such as 
leveling the slopes. Third concern was the 
release of flammable and hazardous hydrogen 
sulfide emissions. Each of these issues raised the 
operating and installing expenses for the plants. 
The most expensive in the long run would be the 
innovation of scrubbers for the hydrogen sulfide 
and the disposal of the hazardous byproduct to a 
facility located 100 miles away. 

The experts in discussing renewable 
energy use many different definitions when it 
comes to supply.  Some experts believe that it is 
simply energy being produced by reoccurring 
energy flows in the environment where as some 
believe it is generated naturally directly from 
solar energy or indirectly from the sun. Experts 
believe that renewable energy has great potential 
and they discuss this into three categories which 
include current use, technical potential and 
theoretical potential. Experts strongly believe 
that development of renewable energy is 
strongly depended upon various factors. Factors 
such as, technologies and their development, 
governmental policies and prices have a strong 
influence on its potential. They believe that the 
top down vision of how policies and prices 
affect the technologies and its development will 
contribute to overcoming the disbelief that 
renewable energy can meet the energy needs of 
world. On the other hand, bottom-up analysis is 
needed for practical insight in how policies must 
be re-invented and re-designed to set price right, 
overcome barriers, and stimulate technological 
innovation (Alain 2010).

Experts also justify subsidizing 
renewable energy as it will assist in meeting 
environmental, social & economic and security-
related goals. As for the environmental goal, 
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utilizing renewable energy will help minimize 
changes to the climate. Looking in the future, 
“the share of emissions derived from the power-
generation sector is expected to increase, to 
43.3% of total CO2 emissions by 2020 and 
44.3% of emissions by 2030” (Beaton & 
Moernhout, 2011). In light of this significant 
increase in carbon footprint the world’s power 
systems needs to be transformed. European 
Union has already set a target to have 20% of its 
total energy consumption coming from 
renewable energy. In addition, subsidizing 
renewable energy can also create more jobs 
which seem to be a stronger case to present to 
the government given current economic 
condition. Finally, security-related goals are the 
third driving force behind subsidizing renewable 
energy.  Energy disruption can cause many 
problems to the economy of the country 
experiencing such event. Renewable energy can 
reduce dependency on energy imports, helping 
to protect countries from supply disruption 
resulting from price volatility, scarcity and 
geopolitical tensions.

The most important success criteria for 
the deployment of renewable energy 
technologies are the design of the support 
mechanisms as well as their implementation 
costs (Falconett & Nagasaka, 2010).  Based on 
the review conducted by both Menegaki (2008) 
and Victor (2011), it is obvious that while 
renewable sources are beneficial not only for the 
environment but also socially when you consider 
the increase in jobs, the annual amount of GDP 
saved, and the decrease of dependency on fossil 
fuels which are easily affected by political 
instability. Menegaki also mentions that while 
on a small scale, renewable energy loses to the 
traditional fossil fuels, with modern accounting 
and the ability to consider the environment as a 
cost, renewable energy wins hands down. In 
short, we can reduce the impact of our daily 
lives on the environment, increase GDP, 
increase jobs, and slowly lose the addiction to 
fossil fuels. It is then for each nation to 
determine how it weighs the pros and cons and 
how much it invests in renewable energies.

MODEL DEVELOPMENT

An international comparison of 
renewable energy from twenty-one countries is 
being conducted under six categories: Solar 
energy, wind energy, hydropower, geothermal 
energy, biomass energy and CO2. Each category 
consists of multiple subcategories and 
measurements to make up the categories. The 
data for the comparison were taken from various 
databases and compiled accordingly. Main 
resources for the data were US Energy 
information administration, International Energy 
Agency and OECD. Table 1 will provide the raw 
data for each category and subcategory. Based 
on the items in each category together with the 
available data from OECD and other sources, 
different measurements were selected for each 
category for evaluation and analysis.

The countries we chose for this study 
are industrialized nations that may already have 
large investments in renewable energy. The data 
availability was the most important factor in 
deciding which 21 countries out of 30 OECD 
members would be chosen to conduct our 
research (OECD, 2009a). First, we will explain 
each category and subcategory as well as discuss 
their relevance for our study.

In order to properly understand the 
efforts that have been made to date in using 
renewable sources, data was gathered from an 
international database, IEA for each of the 21 
countries. For each of the five renewable sources 
of energy, three subcategories were chosen 
which best fit our approach at understanding the 
worldwide efforts in using such sources of 
energy. The three subcategories are generation 
per capita, percent of total energy production, 
and percent of total energy consumption. Let us 
discuss how these subcategories will help and 
what we are looking for. The generation per 
capita shows how much energy on average is 
produced per person. Since we are discussing 
renewable sources of energy which emit lesser 
greenhouse gases, in particular carbon dioxide, 
into the environment, the higher the value for 
generation per capita, the greater the effort by 
that country towards the environment and 
towards increasing their use of renewable 
sources.
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Similarly, our second subcategory works 
with the first.  This category takes the amount of 
electricity produced by each renewable source of 
energy and converts it into a percentage of the 
total national production of electricity. Again, as 
mentioned above, since a larger percentage 
would symbolize a larger amount of electricity 
produced by renewable sources, the higher the 
percentage, the greater the effort by those 
particular nations. The third subcategory is very 
similar to the second subcategory as it takes the 
amount of electricity produced by renewable 
sources and converts it into a percentage of the 
total national consumption of electricity. How 
does this figure help? It shows us whether or not 
the country is generating a significant portion of 
its national usage from renewable sources. 
Therefore, the higher the percentage, the fewer 
emissions are released into the environment by 
the nation.

The use of the subcategories alone will 
show only how each country is doing in 
comparison to the others. However, in order to 
see how these numbers are affecting the 
environment, the greenhouse gas carbon dioxide 
measurements are important. CO2 is one of the 
gases found in Earth’s atmosphere. It is created 
when two oxygen atom bonds with a 
single carbon atom. CO2 is produced naturally 
through the carbon cycle and through burning of 
fossil fuels. Industrial revolution has grown 
significantly in past 3 centuries which has led to 
increase in activities that produce CO2 on a large 
scale. These activities include, burning of oil, 
coal and gas, and deforestation which has 
increased the concentration of carbon dioxide in 
our atmosphere. Carbon dioxide is our sixth 
category and we have assigned it two 
subcategories. These subcategories will show the 
amount of CO2 per capita that is in the 
environment and the amount of CO2 per GDP. 
CO2 level in the atmosphere is 35% higher now 
than it was before the industrial revolution (Tol, 
2006).  Exposure to significant amount of CO2 
can lead the health issues hence the U.S. 
government has placed a lot of restrictions on 
the companies and industries that produce a lot 
of it. There is a big push from governments 
worldwide to reduce the amount of CO2 emitted 
by a company. 

Carbon dioxide is the main contributor 
to global warming. As you can see in the figure 
below, industrialized countries continue to emit 
carbon dioxide and developing countries are 
forecasted to surpass industrialized countries by 
2020. See exhibits 1.6 and 1.7 for a visual 
depiction of the amount of CO2 that is released 
in the environment. Therefore, the lower the 
amount of CO2 per capita and GDP the better for 
the country as it represents a cleaner 
environment. While CO2 is not emitted strictly 
by traditional power plants alone, the increasing 
demand for electricity and the increasing amount 
of energy produced in the world, the energy 
industry is a large contributor of the greenhouse 
gas. With that perspective, a lower value is 
favorable and a high value is not.

As people and governments are more 
aware of the issue with over production of CO2 
they are pushing more for renewable energy 
sources. Renewable energy reduces CO2 
emission as it burns more cleanly or doesn’t 
burn at all.

MATHEMATICAL EVALUATION

The next step in the creating group‘s 
comparison of the renewable energy was to have 
a method that would take the data from Table 1 
and alter it into terms that would allow the 
comparison with one another. To do this, we 
used a ranking system to scale the data. We took 
the data from Table 1 and created a ranking 
system for each subcategory. The scale for each 
subcategory ranged from 0 to 9.

Based on the various information 
discovered during research, we created the scale. 
For example, in solar energy category we 
created a scale for each of the three 
subcategories. The raw data from the first 
subcategory of generation per capita was 
converted to a 0-to-9 scale by ranking the lowest 
percentage value near 0 and the highest 
percentage value near 9. The numbers between 0 
and 9 were then organized to correlate with the 
numbers in the middle. We did a similar analysis 
for all subcategories. The scales were created 
based on our opinion of the importance of the 
values for each subcategory. In all cases though, 
the better the country is in individual 
subcategory, the higher the ranking and closer to 
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ranking of 9. The worse a country was the closer 
the rank would be to 0. Using this method, no 
matter how low a country was in a subcategory, 
negative number was not assigned as a rating, 
only range between 0 and 9. The information 
about the scales for each subcategory can be 
seen in the appendix.

After creating the multiple scales for all 
the subcategories, a new table was created. We 
converted the raw data obtained and presented in 
Table 1 into Table 2. Table 2 presents all the 
data in a comparable format. All the data are 
now between a range of 0 and 9. Higher 
numbers in each subcategory in Table 2 indicate 
better performance.

PARETO OPTIMIZATION

The next step in the process was to 
create Table 3. Table 3 was created by taking the 
data from Table 2 and using linear programming 
to create a ranking system. Table 3 takes the data 
from Table 2 and converts it into scores out of 
100 for each main category. The maximum score 
a country could have in a main category is 100 
and the lowest score possible would be close to 
0. A higher score for a country in each main 
category indicated better utilization of renewable 
energy in comparison to the other countries in 
the study.

We used this basic equation in the linear 
programming process to create Table 3. The 
equation is used for each main heading and 
subcategories to arrive at a ranking score for 
each country. It is assumed that the model is 
linear.

Let
g = the number of categories considered for 
international comparison,
Mijr = the j-th measurement of the i-th country 
under category r,
Zkr = the score of the k-th country under 
category r,
Wjr = the weight to be assigned to measurement j 
under category r,
Mr = the number of measurements under 
category r,
n = the number of countries,
Zk = the overall score of the k-th country,
 

The score of the k-th country under category r is 
calculated via the following linear program:

 
Subject to the following constraints,
 

 

Again, after repeating the above linear program r 
times for r different categories,
 

Table 2 shows the measurements of the three 
classes of each country under study. The linear 
programming model discussed above has some 
restrictions regarding Wjr. That is, Wjr ≥ € > 0, 
where € is an infinitely small quantity. Now, 
mathematical model is applied to calculate the 
scores of each grouping, with lower bound Wjr ≥ 
0.005. The scores are summarized in Table 3. 
Subsequently, the total scores Zk are calculated 
using above equation and are shown in the last 
column of Table 3. If uniform weights are not 
acceptable, one can come up with differential 
weights for each category and the last equation 
can be changed to

 

Where Wr is the weight for category 
number r. The last column of Table 3 created a 
final ranking system for the international 
comparison for renewable energy in each 
country. We felt that some interpretation of the 
numbers was needed, as described in our 
concluding remarks, so a simple average did 
provide a basic frame for comparing the 
renewable energy within twenty-one countries. 
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CONCLUSION

Let us look at the results for solar energy 
from Table 2 and Table 3. In each of these 
tables, we can see several patterns. Let us look at 
Table 2, with Spain holding the top seat with a 
nine out of nine for all three subcategories. This 
means it is generating more energy per capita 
than the other 20 countries in the sample. It also 
means that it is generating the most solar energy 
as a percentage of its national production and 
consumption. Shortly behind is Germany. The 
third seat is Japan, who is lagging far behind 
Germany in all the subcategories. Consider 
Australia and the United States whose rank for 
generation per capita is actually over 1.0. 
However, when ranked in terms of percentage of 
production and consumption, these values drop 
by almost 50 percent. They are between 0.50 and 
0.60, signifying that even with the production of 
solar energy in these countries; it does not meet 
the demand in these countries. This is 
summarized well in Table 3, where Spain is at 
100, Germany at 86 and Japan at a 27, whereas, 
neither Australia nor the United States came 
close to 20.

The next source of renewable energy is 
the oldest and most common type of energy 
production known to man, wind energy. While 
technology has changed the process with new 
turbines and designs, it is still a developing field 
and has lots of room to grow. Table 2 shows 
Denmark, with 9s across the board for all the 
subcategories, Spain with 5.67 in generation per 
capita and Ireland with a 4.41. Looking at 
energy as a percentage of total production, Spain 
ranks at a 4.85 and Ireland at 3.84 whereas Spain 
is at 5.26 and Ireland is at 3.92 for percentage of 
total energy consumed. Looking at Table 3, we 
see a holistic view. Denmark is ranked at 100, 
Spain at 63; Ireland at 46; Finland and Germany 
are both tied at about 39. We can see that 
countries around the world are trying to take 
more advantage of wind energy since it releases 
no greenhouse gases and therefore is perhaps the 
cleanest energy source available.

Hydroelectric energy has been used for a 
long time dating back to grain mills put 
alongside a stream.  This energy source has been 
tapped into and has been optimized in order to 
convert it into a power source commonly used 

today.  Through our analysis it is shown that 
when looking at hydroelectric power generated 
per capita Iceland is at the top of the list shown 
by a ranking of 9 on Table2 with Finland right 
behind them with a ranking of 7.19. When 
hydroelectric power produced is compared as a 
percentage of total power produced it is shown 
that Norway has the highest value with a ranking 
of 9. This also holds true when comparing 
percentage hydroelectric power produced to total 
energy consumed. For both of these comparisons 
Iceland comes in right behind them.  Through 
this comparison it can be determined that the 
countries maximizing the utilization of 
hydroelectric power per capita, as a percentage 
of total power generated and as a percentage of 
total power consumed, Iceland, Norway and 
Finland are ahead of the game.

As mentioned earlier, while the upside 
to geothermal energy is the abundance of heat in 
the Earth’s core, the obstacles all countries face 
are the cost of obtaining this energy. Since it 
takes much more land to create the same amount 
of energy it does at a coal plant, space is a large 
restriction that is faced. In addition, there is the 
cost of creating a suitable landscape in order to 
build the wells to extract the heat from the 
source. It is due to these reasons that we see very 
few countries from the sample investing in 
geothermal sources for energy. While Iceland is 
rated nine on the scale, most countries around 
the world are still at zero in terms of generation 
per capita. The only other countries with non-
zero values are Germany, Japan, New Zealand, 
and United States, all of which are rated between 
zero and one. Looking at the subcategory for the 
renewable energy as a percentage of production, 
New Zealand is runner up to Iceland at 3.52. It 
shows that even though it does not produce as 
much as Iceland, in comparison to Germany, 
Japan, and United States, more of its annual 
production of energy is from geothermal 
sources. Finally, for the subcategory where the 
renewable energy is seen as a percentage of total 
energy consumption, New Zealand remains as 
the runner up. This shows us that in correlation 
with the energy production statistics, New 
Zealand successfully satisfies a larger 
percentage of its annual energy demand by using 
renewable sources of energy. Based on these 
numbers, it is obvious that very few countries 
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have made actual attempts at not only investing 
in geothermal energy extraction but very few 
innovative solutions are available to reduce the 
costs and increase the attractiveness of using 
geothermal sources for our energy needs.

Unlike other renewable energy sources 
biomass is not utilized around the world as much 
which can be seen on table 2. As mentioned 
above, we created ranking of 0 to 9; 9 being 
assigned to a country that is highly involved in 
utilizing biomass energy sources and 0 being 
assigned to countries that does not use biomass 
at all. As seen in the table Finland has been 
assigned a 9 as there biomass energy production 
and consumption is significantly higher than all 
the countries being analyzed. Finland’s 
consumption and production of biomass is 
almost 100% higher than Denmark which the 2nd 
highest user of biomass. On the other hand, 
Iceland and Israel is assigned a 0 as they do not 
produce or consume biomass energy at all. 
Iceland heavily uses geothermal and hydropower 
energy whereas Israel has fallen behind in using 
any type of renewable energy.

Throughout this analysis we have been 
comparing the each countries use of different 
renewable energy sources against each other 
individually.  As a result each country may have 
a specific renewable resource that it has invested 
a great amount of time and money into and 
therefore may be utilizing that resource to a 
higher potential.  This analysis does not only 
compare only how each country does with each 
individual renewable resource but analyzes the 
overall usage of all the renewable resources. The 
data that we found with regards to each 
renewable resource type was entered into table 1 
and used for future analysis. This data was then 
converted from its pure values and transformed 
into a ranking from 1 to 9 based on each sub-
category by country.  This analysis will give the 
individual ranking of each country for only the 
individual sub-category. 

It is not only necessary to understand 
how each country compares with regards to each 
sub-category.  We also needed to compare all 
the countries and all the sub-categories as one.  
This is now able to be done since each sub 
category is normalized using the 1 to 9 ranking 
scale.  This is completed on table 3 of the 
analysis.

In Table 3 a comparison is put together 
using the rankings of each country based on their 
generation of renewable energy type per capita, 
their percentage of renewable energy type of 
total energy production, their percentage of 
renewable energy type of total energy 
consumption and their CO2 emissions. This 
table took into account the desire to maximize 
the energy generation per capita, percentage of 
total generation and percentage of total 
consumption while minimizing CO2 emissions. 
Throughout this process it has been determined 
that the country with the highest average score 
through all these areas is Finland with an 
average of 53.6 as shown in Table 3. What this 
means is that Finland is utilizing its renewable 
energy sources more effectively than other 
countries while continuously keeping its CO2 
emissions under control.  Coming in a close 
second with this analysis is Iceland with an 
average score of 49.8.  If we wish to continue to 
utilize renewable energy sources worldwide 
each country should strive to maximize these 
utilizations numbers and achieve the highest 
ranking possible.

REFERENCES

Alain Nadaï, Aviel Verbruggen, Jayant Sathaye, 
John Nyboer, Lars J. Nilsson, Manfred 
Fischedick, Tony Weir, and William 
Moomaw. (2010). Renewable energy 
costs, potentials, barriers: Conceptual 
issues. Energy Policy, 38(9), 850-861. 

Barta, B., van Dijk, M., & van Vuuren, F. 
(2011). Renewable energy: 
Hydropower. Civil Engineering : 
Magazine of the South African 
Institution of Civil Engineering, 19(5), 
37-41. 

Beaton , C., & Moernhout, T. (2011, June). A 
literature review on subsidies to 
electricity from renewable energy 
sources. Retrieved from 
http://www.nccr-
trade.org/fileadmin/user_upload/nccr-
trade.ch/wp5/5.5a/A literature review on 
subsidies to electricity from renewable 
energy sources._01.pdf



Proceedings of the 2012 IEMS Conference

134

Bohan, J. (2010). Critical biomass power 
considerations. Power Engineering, 
114(11), 14,184. 

Clair, L., & Fordham, P. (2009). Biomass: An 
emerging fuel for power generation. 
Power Engineering, 113(11), 160-166. 

Climate change - greenhouse gas emissions. 
(2011, April 14). Retrieved from 
http://www.epa.gov/climatechange/emis
sions/co2.html

Falconett, I., & Nagasaka, K. (2010). 
Comparative analysis of support 
mechanisms for renewable energy 
technologies using probability 
distributions. Renewable Energy, 35(6), 
1135-1144.

Gibson, L. (2010, November 23). Biomass sweet 
spot. Retrieved Apr. 10, 2012 from 
http://biomassmagazine.com/articles/51
46/biomass-sweet-spot

Menegaki, A. (2008). Valuation for renewable 
energy: A comparative review. 
Renewable & Sustainable Energy 
Reviews, 12(9), 2422-2437. 
doi:10.1016/j.rser.2007.06.003

Nowak, W., Stachel, A. A.,& Borsukiewicz-
Gozdur, A. (2010). Utilizing 
Geothermic and Geothermal Energy for 
Heat and Power. Polish Journal of 
Environmental Studies, 19(3), 515-522.

OECD. (n.d.). Retrieved Nov 13, 2011 from 
http://www.oecd.org/home/0,2987,en_2
649_201185_1_1_1_1_1,00.html 

Painuly, J., & Fenhann, J. 
(2002). Implementation of renewable 
energy technologies - opportunities and 
barriers. Retrieved from 
http://uneprisoe.org/RETs/SummaryCou
ntryStudies.pdf

Pasqualetti, M. J. (2011). Social Barriers to 
Renewable Energy Landscapes. 

Geographic Review, 101(2), 201-223. 
doi.10.1111/j.1931-0846.2011.00087.x

Patel, S. (2010). China: A World Powerhouse. 
Power, 154(7), 33-41.

Pearson Education. (2007). Retrieved Apr. 24, 
2012 from 
http://www.infoplease.com/ipa/A000133
6.html

Perlman, Howard. (2011, february 08). Water 
science for schools. (2011). [0]. 
Retrieved Apr. 24, 2012 from 
http://ga.water.usgs.gov/edu/wuhy.html

Rawlings, P. (2011). Geothermal Systems: 
Sustainable, Efficient Energy Systems. 
Journal of Housing & Community 
Development, 68(2), 6-11.

Ray, R. W. (2011). Rediscovering  
hydropower. Power 
Engineering, 115(3), 58-60. 

Rozenblat, L. (2010). Using biomass as a 
renewable energy source. Retrieved Apr. 
24, 2012 from http://www.renewable-
energysources.com/biomass.htm

The Geothermal Energy Report. (2009). 
Geothermal Energy Report, (5), 1-191.

Tol, R. S. J. (2006). Carbon dioxide emission 
scenarios for the USA. Rochester: 
Retrieved from 
http://search.proquest.com/docview/189
890126?accountid=12536

Victor, D.G., & Yanosek, K. (2011). The Crisis 
in Clean Energy. Foreign Affairs, 90(4), 
112-120.

Wade, P. (2007, June). International standards: 
Energy efficiency. Retrieved Apr. 23, 
2012 from http://www.iea.org



Proceedings of the 2012 IEMS Conference

135

Exhibits

Figure 1.1 US Energy Consumption in 2009

Figure 1.2 Estimated Growth in Energy Consumption of the World by 2035
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Figure 1.3 Biofuels Consumption, 2004-2008

Figure 1.4 Production of Electricity from Solar Energy



Proceedings of the 2012 IEMS Conference

137

Figure 1.5 Production of Electricity from Hydropower Sources

 

Figure 1.6 World Trend in CO2 Emissions
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Figure 1.7 Amount of CO2 released by major countries



TABLE 1 (Year 2008 Data) 21

Australia Belgium Canada Chile China Denmark Finland France Germany Iceland Ireland Israel Japan Korea, South Netherlands New Zealand Norway Spain Sweden Switzerland United States

SOLAR ENERGY

High Generation Per Capita 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.05 0.00 0.00 0.00 0.02 0.01 0.00 0.00 0.00 0.06 0.00 0.00 0.01

High Percent of Total Energy Prodcution 0.06% 0.05% 0.01% 0.00% 0.00% 0.01% 0.01% 0.01% 0.69% 0.00% 0.00% 0.00% 0.21% 0.06% 0.04% 0.00% 0.00% 0.82% 0.00% 0.05% 0.06%

High Percent of Total Energy Consumption 0.08% 0.05% 0.01% 0.00% 0.01% 0.01% 0.00% 0.01% 0.84% 0.00% 0.00% 0.00% 0.23% 0.07% 0.03% 0.00% 0.00% 0.97% 0.00% 0.06% 0.06%

WIND ENERGY

High Generation Per Capita 0.19 0.06 0.11 0.00 0.01 1.26 0.50 0.09 0.49 0.00 0.58 0.00 0.02 0.01 0.26 0.25 0.20 0.80 0.22 0.00 0.18

High Percent of Total Energy Prodcution 1.53% 0.75% 0.59% 0.06% 0.38% 19.04% 0.34% 0.99% 6.37% 0.00% 8.12% 0.02% 0.24% 0.10% 3.96% 2.41% 0.64% 10.26% 1.33% 0.03% 1.27%

High Percent of Total Energy Consumption 1.86% 0.77% 0.74% 0.07% 0.46% 20.76% 0.32% 1.31% 7.72% 0.00% 9.03% 0.02% 0.27% 0.11% 3.90% 2.75% 0.82% 12.14% 1.55% 0.03% 1.46%

HYRODPOWER

High Generation Per Capita 0.57 0.17 11.52 1.47 0.44 0.00 32.61 1.12 0.33 40.83 0.31 0.00 0.65 0.11 0.01 5.35 30.26 0.64 7.65 5.00 0.93

High Percent of Total Energy Prodcution 4.69% 2.07% 58.74% 40.52% 16.93% 0.07% 22.10% 11.89% 4.23% 75.46% 4.38% 0.03% 7.70% 1.25% 0.09% 50.97% 98.50% 8.32% 46.13% 54.99% 6.45%

High Percent of Total Energy Consumption 5.68% 2.12% 73.75% 45.21% 20.59% 0.08% 20.71% 15.76% 5.13% 81.54% 4.87% 0.03% 8.64% 1.37% 0.09% 58.10% 126.06% 9.84% 53.80% 64.59% 7.39%

GEOTHERMAL ENERGY

High Generation Per Capita 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.27 0.00 0.00 0.02 0.00 0.00 1.01 0.00 0.00 0.00 0.00 0.06

High Percent of Total Energy Prodcution 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 24.52% 0.00% 0.00% 0.25% 0.00% 0.00% 9.59% 0.00% 0.00% 0.00% 0.00% 0.39%

High Percent of Total Energy Consumption 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 26.49% 0.00% 0.00% 0.29% 0.00% 0.00% 10.94% 0.00% 0.00% 0.00% 0.00% 0.45%

BIOMASS ENERGY

High Generation Per Capita 0.10 0.28 0.25 0.19 0.00 0.37 19.33 0.03 0.24 0.00 0.04 0.00 0.12 0.01 0.22 0.13 0.07 0.06 1.00 0.04 0.17

High Percent of Total Energy Prodcution 0.86% 3.48% 1.27% 5.16% 0.07% 5.64% 13.10% 0.37% 3.12% 0.00% 0.54% 0.00% 1.39% 0.11% 3.46% 1.27% 0.23% 0.79% 6.04% 0.48% 1.15%

High Percent of Total Energy Consumption 1.04% 3.58% 1.60% 5.76% 0.08% 6.15% 12.28% 0.49% 3.78% 0.00% 0.60% 0.00% 1.56% 0.12% 3.41% 1.45% 0.30% 0.93% 7.05% 0.56% 1.32%

CO2

Low CO2 per Capita 18.48 10.36 16.53 4.35 4.91 8.82 10.65 5.74 9.79 6.89 9.85 8.63 9.02 10.31 10.82 7.74 7.89 6.97 4.96 5.67 18.38

Low CO2 per GDP 0.77 0.41 0.63 0.70 2.50 0.27 0.37 0.24 0.38 0.18 0.32 0.39 0.22 0.67 0.40 0.50 0.19 0.43 0.15 0.15 0.48

Number of Countries = Table 2 Clear

(Wade, 2007)



TABLE 2 Table 2 0.00 11.11 11.11 0.00 0.00 0.00

Australia Belgium Canada Chile China Denmark Finland France Germany Iceland Ireland Israel Japan Korea, South Netherlands New Zealand Norway Spain Sweden Switzerland United States

SOLAR ENERGY

3 Generation Per Capita 1.08 0.57 0.14 0.00 0.02 0.08 1.08 0.10 7.59 0.00 0.00 0.00 2.50 0.83 0.32 0.00 0.00 9.00 0.06 0.63 1.14

Percent of Total Energy Prodcution 0.68 0.54 0.06 0.00 0.05 0.09 0.06 0.08 7.60 0.00 0.00 0.00 2.28 0.70 0.39 0.00 0.00 9.00 0.03 0.54 0.61

Percent of Total Energy Consumption 0.70 0.47 0.06 0.00 0.06 0.08 0.04 0.09 7.79 0.00 0.00 0.00 2.16 0.65 0.32 0.00 0.00 9.00 0.03 0.54 0.60

WIND ENERGY

3 Generation Per Capita 1.34 0.44 0.82 0.02 0.07 9.00 3.54 0.67 3.51 0.00 4.13 0.01 0.15 0.06 1.82 1.80 1.41 5.67 1.57 0.02 1.31

Percent of Total Energy Prodcution 0.72 0.35 0.28 0.03 0.18 9.00 0.16 0.47 3.01 0.00 3.84 0.01 0.11 0.05 1.87 1.14 0.30 4.85 0.63 0.01 0.60

Percent of Total Energy Consumption 0.81 0.33 0.32 0.03 0.20 9.00 0.14 0.57 3.35 0.00 3.92 0.01 0.12 0.05 1.69 1.19 0.36 5.26 0.67 0.01 0.63

HYRODPOWER

3 Generation Per Capita 0.13 0.04 2.54 0.32 0.10 0.00 7.19 0.25 0.07 9.00 0.07 0.00 0.14 0.02 0.00 1.18 6.67 0.14 1.69 1.10 0.20

Percent of Total Energy Prodcution 0.43 0.19 5.37 3.70 1.54 0.00 2.02 1.08 0.38 6.89 0.40 0.00 0.70 0.11 0.01 4.66 9.00 0.76 4.21 5.02 0.59

Percent of Total Energy Consumption 0.40 0.15 5.26 3.23 1.47 0.00 1.48 1.12 0.36 5.82 0.35 0.00 0.61 0.10 0.00 4.15 9.00 0.70 3.84 4.61 0.53

GEOTHERMAL ENERGY

3 Generation Per Capita 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.01 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.04

Percent of Total Energy Prodcution 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.09 0.00 0.00 3.52 0.00 0.00 0.00 0.00 0.14

Percent of Total Energy Consumption 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.10 0.00 0.00 3.72 0.00 0.00 0.00 0.00 0.15

BIOMASS ENERGY

3 Generation Per Capita 0.05 0.13 0.12 0.09 0.00 0.17 9.00 0.02 0.11 0.00 0.02 0.00 0.06 0.00 0.10 0.06 0.03 0.03 0.47 0.02 0.08

Percent of Total Energy Prodcution 0.59 2.39 0.88 3.55 0.05 3.88 9.00 0.25 2.14 0.00 0.37 0.00 0.96 0.08 2.37 0.87 0.16 0.54 4.15 0.33 0.79

Percent of Total Energy Consumption 0.76 2.62 1.17 4.22 0.06 4.51 9.00 0.36 2.77 0.00 0.44 0.00 1.15 0.09 2.50 1.06 0.22 0.68 5.17 0.41 0.96

CO2

2 CO2 per Capita 0.00 5.17 1.24 9.00 8.64 6.15 4.99 8.11 5.54 7.38 5.50 6.27 6.03 5.20 4.88 6.84 6.75 7.33 8.61 8.16 0.06

CO2 per GDP 6.63 8.00 7.16 6.89 0.00 8.54 8.16 8.66 8.12 8.89 8.35 8.08 8.73 7.01 8.04 7.66 8.85 7.93 9.00 9.00 7.74

Table 3 Clear
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 Abstract 

This paper analyzes the relationship 
between CEO education and background on 
corporate success.  Achieving corporate success 
is the ultimate goal and responsibility of the 
Chief Executive Officer (CEO).  The impact a 
CEO has upon an organization can be extensive 
as well as long-lasting.  A CEO without proper 
background and skills could have a detrimental 
impact, inclusive of company dissolution.  On 
the other hand, a prepared CEO has the ability to 
take a company to new heights. The primary 
objective is to determine whether education and 
background play a significant part in the CEO’s 
ability to achieve success for his or her 
respective corporation.  In this study we will 
examine the impact higher education and 
industry experience have on the corporate 
success attained by a CEO. Measures of interest 
include the number of years established as a 
CEO of a particular company, overall number of 
years employed with the specified company, 
time in the overall industry, age, gender and 
post-secondary degrees.  This information is 
then compared to standard measures of 
corporate success such as ranking within the 
Fortune 100, revenue, profit and earnings per 
share (EPS).  The results indicate there is not a 
strong correlation between education and 
background as compared to corporate success.  
However, the null hypothesis which states “there 
is no relationship” cannot be rejected based upon 
the statistical analysis.  The underlying 
assumption is, therefore, that education and 
background may likely have an indirect effect 
that would allow a CEO to achieve corporate 
success.    

1. Background
A question that is much debated is this:  

What prepares a CEO to achieve corporate 
success?  Past research includes concepts related 
to career specialization within a specific industry 
(Datta, Guthrie, & Rajagopalan, 2002), CEO 
compensation (Ozkan, 2007), CEO education 
(Martelli & Abels, 2010), and every 
combination in between.  Given the broad 
impact that a CEO can have upon an 
organization, it stands to reason that education 
and background may be an indicator of a 
person’s ability to lead effectively.  Certain 
types of education may be conducive to 
leadership in specific fields, such as business or 
finance in an investment firm while engineering, 
on the other hand, may be less enticing to a 
board searching for a leader in that same 
investment firm.  On the other hand when 
searching for a leader to run a high tech or 
engineering firm, advanced graduate education 
in engineering appears to be a distinct advantage 
according to several of the previously cited 
references.  Additionally, the effort and 
knowledge gained via formal post-secondary 
education would lend itself to the concept of 
established critical thinking skills as well as an 
understanding of how to apply them to real 
world challenges (Bhagat, Bolton, & 
Subramanian, 2010).  

To review the impact of CEO education 
and background on corporate success, it was 
necessary to choose a baseline from which to 
identify “success”.  For this study, the 2010 
Fortune 100 companies were chosen as that 
baseline.  A review of the companies who have 
been in the Top 100 for the last 3 years revealed 
that 97% of the CEOs in the Top 100 have a 
post-secondary degree with an additional 42% 
taking that to the Graduate or PhD level.  
Undergraduate degrees tend towards Business, 
Engineering, Economics, Law, and Finance 
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while higher level degrees tend towards MBA 
and Law.  Not surprisingly, the highest number 
of Graduate degrees in this sample would be 
MBAs.  Additionally, 76% of these CEO’s 
attended colleges in the North-East (52%) and 
Mid-West (24%).  These statistics align well 
with previous studies related to educational 
credentials and institutions attended which 
indicate that qualities associated with MBA and 
Law degrees, in concert with the higher caliber 
instructors, stretch the “strategic thinking 
muscles” more effectively and better prepare a 
CEO to lead successfully (Martelli & Abels, 
2010).  Using the definition of corporate success 
as carried within the 2010 Fortune 100 Ranking, 
this research looks further at the connection 
between the education and background attained 
as it relates to corporate success achieved by 
these CEOs.  

The Fortune 100, a subset of the Fortune 
500, is determined annually based upon total 
revenues for the respective fiscal years.  The list 
contains public and private companies that 
incorporate in the U.S., operate in the U.S., and 
file financial statements with a government 
agency.  Although the rankings are based upon 
revenue only, other financial information is 
included such as profit, earnings per share 
(EPS), etc.  The Fortune 100 represents almost 
as many industries as the ranking would indicate 
with primary overlap being in the areas of oil, 
banking and investment, and insurance.  Given 
that the rankings are based upon revenue, it is 
not surprising that the top 75 companies within 
the 2010 Fortune 100 tend to be in the top 
Fortune 100 rankings year over year (Cacace, 
2010).  With the associated financial data to 
define corporate success measures, these 
Fortune 100 companies provide the basis of 
observation to determine the impact of CEO 
education and background on a company’s 
success.

2. Problem Statement/Hypotheses

The objective of this study is to examine 
CEO education and background as it relates to 
corporate success. As there are differing 
measures of corporate success, the hypotheses 
are based upon the four (4) following factors:

 Fortune 100 Ranking

 2010 Revenue
 2010 Profit
 2010 EPS 

Hence the hypotheses are stated as follows:

Null Hypothesis (H0):  There is no
      relationship between the Fortune 100 (2008
      – 2010, consecutive reporting years) CEOs
      education and background and the following
     dependent variables:

 Fortune 100 Ranking
 2010 Revenue
 2010 Profit
 2010 EPS  

Alternative Hypothesis (HA):  There is a 
      relationship between the Fortune 100 (2008

 – 2010, consecutive reporting years) CEOs 
education and background and the following
dependent variables:

 Fortune 100 Ranking
 2010 Revenue
 2010 Profit
 2010 EPS 

.  Hence, one of two things will occur: the 
null hypothesis will be rejected or we will fail to 
reject the null hypothesis.    

3. Research Design and Methodology

The sample selection criteria from the 
2010 Fortune 100 list excluded private and 
acquired corporations due to data inaccessibility 
(eliminated 8 observations), companies whose 
CEO has been in place for 2 years or less as their 
corporate impact may not be realized 
(eliminated 25 observations), and companies 
that have not been in the Fortune 100 for the last 
3 consecutive years (2008-2010) with the 
assumption that corporate stability is established 
with a consistent ranking based upon revenue 
achievement (eliminated 10 observations).  
Berkshire Hathaway was subsequently 
eliminated as an outlier with respect to its 2010 
Earnings per Share (EPS), leaving the final 
sample size at 56.

Initial data was gathered from the 2010 
Fortune 100 list as published annually by 
Fortune Magazine (Cacace, 2010).  Historical 
financial data, as well as CEO specific data, was 
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then gathered from Hoovers, a business research 
company that houses proprietary company 
profiles and industry information (Hoovers 
Company Search, 2011).  CEO data gathered 
from 2010 Fortune 100 and supplemented with 
Hoovers’ data included the following :

 CEO name
 Number of years as CEO of the 

specified company
 Number of years with the 

specified company
 Industry of the specified 

company
 Number of decades in the 

specified industry
 Age
 Gender
 Post Secondary Degree Type

Specifics related to disciplines studied 
within post secondary degrees and the associated 
schools attended were not included in the 
models due to challenges related to transforming 
the data from qualitative to quantitative.  It 
should be noted that other studies utilizing 
qualitative to quantitative transformations for 
post secondary disciplines and post secondary 
institutions indicated that this information was 
not significant when studying educational 
background and corporate success (Bhagat, 
Bolton, & Subramanian, 2010).  The remaining 
qualitative data was transformed into 
quantitative data using straightforward 
assessments.  For instance, degree types were 0 
(none), 1 (undergraduate) or 2 (graduate or 
higher).  Similarly, gender was transformed as 1 
(male) or 2 (female).  Honorary degrees were 
not included in the educational analysis of the 
individual CEOs.  Upon completion of the data 
transformation, Ordinary Least Squares 
Regression Analysis were completed for each of 
the identified dependent variables (2010 Fortune 
100 Ranking, 2010 Revenue, 2010 Profit, 2010 
EPS) with respect to the associated independent 
variables (number of years as CEO, years with 
company, decades in industry, degree type, age, 
gender).  This statistical analysis was completed 
for fifty-six (56) 2010 Fortune 100 companies 
and their CEOs.  

4. Analytic Model

The independent variables used across 
all four models are defined as follows:

Standard Name Independent 
Variable Name

Constant assigned 
by the model

Const

Number of years 
as CEO of the  

named company

YearsAsCeoWCo

Number of years 
with the named 

company

YearsWCo

Number of 
decades in the named 

industry

DecadesInInd

Type of post 
secondary degree 

(Graduate, 
Undergraduate, 

none)

DegreeType

Age of the CEO Age
Gender of the 

CEO
Gender

 
The four resulting models all correlate 

in the analysis in that the R-squared values range 
from 2.1% to 12% indicating that very little of 
the variation in the dependent variable is 
explained by the independent data.  There were 
no significant independent variables (t-statistic 
greater than 1.96) in any of the models, although 
both models 1 and 3 each had one variable that 
approached significance as it relates to the t-
statistic.  Despite the low R-squared values and 
the lack of significant variables from a t-statistic 
perspective, the P-values for the models are all 
greater than α (.05 for a 95% confidence 
interval) indicating that the null hypothesis 
cannot be rejected. This is what is to be expected 
with the low R-squared models i.e. the model 
has relatively low explanatory power and the 
independent variables are not related to the 
dependent variable. It is therefore assumed that 
the null hypothesis of “no relationship” can not 
be rejected.  

However, it is noteworthy that if the 
social aspects of this study are considered.  a 
higher level of significance may be justified (e.g. 
an α value of.1).  If this is the case then the P-
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values for two of the models still exceed α, 
indicating that the null hypothesis cannot be 
rejected.  However, in two of the models (#1 and 
#3), there are variables in the regression that are 
significant (Years as CEO with the company and 
Years with the company).  In these two cases 
given this assumption, the null hypothesis would 
not be rejected and corporate success may well 
be related to the two independent variables cited.  
Following this rationale, it  is therefore assumed 
that the null hypothesis of “no relationship” can 
not be positively rejected.  

Below is a summary of the four various 
models that were run. The first was based on the 
Fortune 100 ranking; a second based corporate 
success on 2010 revenue; a third on profits and 
the last used earnings per share.

Model 

depen-
dent

variable

R-
Squ-
ared

Model 

P-
value

Signif
-icant 
inde-
pen-
dent 
vari-
ables
w/ (t-
stat > 
1.96)

Independent 
variables 
approaching 
significance

#1 – 
For-
tune 
100 

ranking

1
0.2%

0.4
82723

No
ne

YearsAsCeo
WCo (t-stat: 
1.8220)

(p-value: 
.07456)

#2 – 
Revenu
e 2010

6.
1%

0.7
84786

No
ne

None

#3 – 
Profit 
2010

1
2%

0.3
68456

No
ne

YearsWCo
(t-stat:  

  1.8094)
(p-value: 
.07653)

#4 – 
EPS 
2010

2.
1%

0.9
81543

No
ne

None

5. Results
The Null Hypothesis (H0) states that 

there is no relationship between the Fortune 100 
(2008 – 2010, consecutive reporting years) 
CEOs education and background and the 

following factors:  Fortune 100 Ranking, 2010 
Revenue, 2010 Profit and/or 2010 EPS.  While 
the Alternative Hypothesis (HA) states that there 
is a relationship between the Fortune 100 (2008 
– 2010, consecutive reporting years) CEOs 
education and background and the following 
factors:  Fortune 100 Ranking, 2010 Revenue, 
2010 Profit and/or 2010 EPS.  In all cases, R-
squared clearly indicates that very little of the 
variation in the dependent variable can be 
explained by the model; therefore, the model 
should be assumed to provide little indication of 
any relationships.  However, in all cases the 
model P-values are greater than α (at .05) 
indicating that the null hypothesis cannot be 
rejected.  Additionally, in models 1 and 3, when 
looking at the individual t-statistics and p-
values, there is one variable in each of the 
models where the t-statistic approaches 1.96 
(confidence interval of 95%).  In both cases, the 
corresponding individual p-values are greater 
than α of .05 but less than α of .1.  This 
information leads us to the conclusion that the 
null hypothesis of “no relationship” cannot be 
rejected; however it is not proven either.  

6. Conclusions
It seems reasonable to assume that 

although CEO education and background do not 
have a clear link to corporate success based 
upon the models utilized, there are likely 
underlying factors that do play a role in 
assessing CEO impact on corporate success.   
For instance, years with a company or within a 
specific industry would lend itself to business 
and industry-specific knowledge which would 
assist in information gathering, problem 
framing, and decision making  (Datta, Guthrie, 
& Rajagopalan, 2002).  Likewise, age brings 
with it a measure of wisdom and prudent risk 
mitigation that may not exist in a younger, more 
aggressive CEO.  Lastly, specific post-secondary 
degrees in the areas of economics, finance, 
business, law, etc., especially when subsequent 
education occurs after initial employment, all 
lend themselves towards personal motivation as 
well as the application of critical thinking and 
strategic planning (Crotty, 1974).  

Other research into CEO education and 
performance has also concluded that while this 
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education tends to play a very large part in the 
hiring decisions of CEOs, there does not appear 
to be a direct correlation between education and 
corporate performance (Bhagat, Bolton, & 
Subramanian, 2010).  Given the models 
resulting from this study, in conjunction with 
additional research, it is concluded that while 
CEO education and background do not have 
direct correlation to corporate success, it is clear 
that the underlying skills are based upon the 
fundamentals associated with education.  
Additionally, industry or business specific 
knowledge is likely leveraged in the decision 
making of these CEOs.  These things, in total, 
converge in the intangible characteristics that 
ultimately create the associated corporate 
success. In short while a direct relationship 
could not be ascertained, there may well be 
indirect relationships between education  and 
corporate success.  

7. Recommendations
As previously discussed, the 

data and models used herein do not clearly show 
a connection between the dependent and 
independent variables.  Thus, the models do not 
reject the null hypothesis.  This study, as well as 
other studies referenced herein, indicates the true 
measure of corporate success is likely more 
directly related to CEO characteristics as 
opposed to specific education levels or 
industry/company backgrounds (Martelli & 
Abels, 2010).  Additional analysis should be 
pursued along these lines.  

As part of further analysis, it may also 
be helpful to understand whether the graduate 
degrees were obtained immediately following 
the undergraduate work and/or if additional 
education was pursued as the individual gained 
work experience.  The characteristics associated 
with this question are related to personal 
motivation as well as finding new ways to look 
at problems and change.  There is a belief that 
education obtained solely within a company may 
be “geared” towards the culture of the particular 
company.  Only by gaining external influences 
is one able to consider alternatives and 

approaches that may be outside the boundaries 
of accepted thinking within the given 
corporation (Buchel & Antunes, 2007).

A new characteristic related to 
sustainability and educating experienced 
managers on sustainability is establishing itself 
on the horizon.  As people become more aware 
of the impacts that we have on the world, the 
ability to understand sustainability requirements 
and effectively interweave them into the overall 
corporate success plan will also need to be taken 
into account.  It is important that this topic not 
be discounted in future analysis as the inability 
to recognize and respond to sustainability can be 
very detrimental to a companies future.  DuPont, 
for example, clearly recognized this impact in 
the mid 1980’s after several bouts of negative 
publicity related to their environmental 
footprint.  It is clear that education related to 
sustainability will be necessary for managers to 
gain the knowledge and characteristics required 
to effectively include these concepts in their 
strategic thinking and decision making.  
However, it is less clear how this concept will be 
measured as it relates to corporate success 
(Holliday, 2010). 

One of the primary challenges that will 
be faced in further analysis related to CEO 
characteristics will be related to obtaining data 
that provides the specific characteristics of the 
CEOs being analyzed.  As the internet continues 
to increase visibility on all topics, companies are 
becoming more aware of this opportunity to 
carefully shape the image of their CEOs to 
match the vision and mission of the individual 
company.  Great care is taken to ensure that the 
persona “displayed” carries the message 
intended.  Internet savvy companies have the 
know-how to ensure that the data they want seen 
is the data that is seen.  This leads to challenges 
in obtaining accurate information when 
evaluating a CEO based upon specified 
characteristics  (Pollach, 2008).  In summary, 
additional research should be performed in this 
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area focusing on the characteristics associated 
with education and background that lead to a 
CEOs corporate success as opposed to the 
specific education and background variables that 
were  utilized in this study. 
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