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Abstract 

In recent years, the strategic management 
field has focused on the role of competencies 
and resources that accumulate within a firm. The 
concept of core competency has the major 
objective -of defining the strengths and 
weaknesses of an organization. It enables 
increasing the profitability of an organization by 
focusing on its strong competencies. Such a 
way, firms' strategic management teams aim at 
discovering more effective ways of managing 
their services or production processes. In this 
paper, we have integrated the Analytical 
Hierarchy Process (AHP) into the core 
competency identification process. We have · 
applied our proposed framework into the 
university library system. The results obtained 
are to be exploited by the library to undertake 
strategic investment decisions such as capability 
development, . outsourcing, focusing or 
diversification with regards to new products, 
services or markets. 

1. Introduction 

Core competencies can be defined as the 

fund-amental strengths of corporations, i.e. things 

that companies do very well [ 1]. Once these core 

competencies are identified, the e_xecutives can 

examine possible opportunities for achieving 

new markets or making new products by 

appropriate new technology. In this respect, core 

competencies are vital for formulating a 

company's strategy. Without core competencies 

competitive advantage is not sustainable and 

strategic intent is not attainable. Therefore, full 

utilization of core competencies and their 

development into competitive advantage is 

essential to the realization of the goals 

established by strategic intent [2]. 

In this research, we identify the core 

competencies of our university's library, called 

Galatasaray Universitesi Suna K1ra9 

Kiitiiphanesi. The evaluation of the library 

competences is provided by an AHP-based 

decision support framework. AHP is a decision 

support tool that can be used to solve complex 

decision problems taking into account tangible 

and intangible aspects. Therefore it helps 

decision-makers to make decisions involving 

their experience, knowledge and intuition. The 

framework begins by defining the key 

capabilities of the library system. This step is 

crucial to know the system in question, to see 

both its hierarchy and process flow. Then, we 

use the AHP methodology in order to define the 

importance weights of these capabilities. The 

most fundamental capabilities are defined as the 

competences of the given organization. 

Moreover, the most collective competencies that 

govern the internal activities, and also the most 

unique tools the library has against other 

university libraries are defined as the core 

competencies. In this research, we aim at 

providing the library management with 

guidelines about strengths and weaknesses of 

their potential capabilities. 

The rest of the paper is organized as follows. 

In Section 2, we give the main lines of the core 

competency concept. Section 3 represents the 

AHP methodology, which is the basis of our 

decision support framework. The framework, its 

elements and its steps are given on a case study 



in Section 4. After giving the results of the case 

study in Section 4, we conclude our paper. 

2. TheCaeCompetenooPerspective 

The idea of using core competencies in a 

company' s strategy formulation has received 

increasing attention in recent years. The concept 

was originally introduced by Prahalad and 

Hamel [ 1]. They suggested that "core 

competencies are the collective learning in the 

organization, especially how to coordinate 

diverse production skills and integrate multiple 

. streams of technologies.". Since then, several 

· researchers have tried to further clarify the 

definition of core competence or its close 

equivalent, core capability [3-6]. Many global 

giant manufacturers such as Honda, Sony, 
Canon, Kodak, Sharp, 3M and NEC, since then 

have progressively pursued the path to gain core 

competence [6,7]. 
The core competency is built on a 

hierarchical basis, which is summarized in 

Figure 1 [8]. On the lowest level of this hierarch 

are the rerour~ which are the building blocks 

of competencies .and inputs into the 

organization's value chain. Each corporation 

may have various resources, but companies 

differ in how they leverage them. At the second 

level, there are the capabilitieswhich refer to the 

corporation's ability t<? exploit its resources. 

They consist of a series of business processes 

and routines that manage the interaction among 

the company'~ resources. Corrpflucy, the third · 

· level in the hierarchy, is a cross-functional 

integration and co-ordination of capabilities. 

Competencies usually result from the interfaces 

and integration among the strategic ·business 

units' (SBU) functional capabilities. Finally, on 

the highest level of the hierarchy are core 
corrpd€f1Cies A core competence is therefore a 
collection of competencies that are widespread 

in the corporation_ [ 4]. 
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Inc;reasing 
Core competencies 

t 
Competencies 

Capacity 

Resources · 

value difficulty 

Figure _1. Hierarchy of competencies [8] 

According to [ 1 ], core competencies should 

. have three ~ain 'characteristics; 

• i. They provide potential access to a wide 

variety of markets, 

ii. They make a significant contribution to 

perceived customer benefits~ and 

iii. They are difficult for competitors to 

imitate. 

Even though the importance of understanding 

a company's competencies is widely 

acknowledged, the literature on core competence 

does not provide an organizational process for 

identifying core competencies or capabilities. 

In [9], the authors claim _that the core 

competence is a network ·of skills, which can be 

illustrated with the help of information 

technology in a skill cluster diagram. By 

visualizing, it helps managers to better 

understand the unique capabilities, and how 

. these capabilities are flowing through to create 

advantage. There are also some studies in the 

literature on who should be involved and what 

specific steps should be taken to successfully 

exploit the identified · opportunities. In [ 4] , the 

author claims that the first step in the process is 

to. determine who will participate in it. When the 

participants have been chosen and assigned to 

groups ( of e.g. 5-6 people), they need to attend 

workshops. In these workshops the managers 

can begin the process by discussing various 
questions [ 4] . 

In this study, to identify the competencies of 

a firm, we use a structured framework which is 



based on AHP methodology [5]. Hence, before 

giving the steps of the framework, we wi11 give 

the main lines of AHP methodology in the next 

section. 

3. Analytic Hierarchy Proam 

AHP is developed by Saaty [1 O] is probably 

the best-known and most widely used model in 

decision making. AHP is a powerful decision

making methodology in order to determine the 

priorities among different criteria. The AHP 

encompasses 3 basic steps: 

Sff] 1. AHP uses several small sub-problems 

to present a complex decision problem. Thus, 

the first act is to decompose the decision 

problem into a hierarchy with a goal at the top, 

criteria and sub-criteria at levels ·and sub-levels 

of and decision alternatives at the bottom of the 

hierarchy. 

Sff] 2. This step involves the comparison in 

pairs of the elements of the constructed 

hierarchy. The aim is to set _their relative 

priorities with respect to each of the elements at · 

the next higher level. The decision maker uses 

the fundamental 1-9 scale defined by Saaty [ 1 O] 

to assess the priority score. In this context, the 

assessment of 1 indicates equal importance, 3 

moderately more, 5 strongly more, 7 very 

strongly and 9 indicates extremely more 

importance. The values of 2, 4, 6, and 8 are 

allotted to indicate compromise values of 

importance. 

If n(n-1 )/2 comparisons are consistent with n 
is the number of criteria, then the elements { 8ij} 

will satisfy the following conditions: 

8ij = W;I~= 1/ 81; and 8;; = l 

with i, j, k= 1, 2, ... n. 

In the comparison matrix, 8;1 can be 

interpreted as the degree of preference of i th 

criteria over fh criteria. It appears that the weight 

determination of criteria is more _reliable when 

using pairwise comparisons than obtaining them 
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directly, because it is easier to make a 

comparison between two attributes than make an 

overall weight assignment. 

Elff) 3. The third stage consists of calculating 

a vector of priorities. Before all the calculations, 

the comparison matrix has to be normalized. 

Therefore, each column has to be divided by the 

sum of entries of the corresponding column. In 

that way, a normalized matrix is obtained in 

which the sum of the elements of each column 

vector is 1. For the following part, the eigen 

values of this matrix are needed to be calculated 

which would give the relative weights of 

criteria. The relative weights obtained in the 

third step should verify 

(1) 

where A represents the pairwise comparison 

matrix and Arrax the highest eigenvalue. If there 

are elements at the higher levels of the 

hierarchy, the obtained weight vector is 

multiplied with the weight coefficients of the 

elements at the higher levels, until the top of the 

hierarchy is reached. The alternative with the 

highest weight coefficient value should be taken 

as the best alternative. 

AHP also calculates an inconsistency index 

( or consistency ratio) to reflect the consistency 

of decision maker's judgments during the 

evaluation phase. The closer the inconsistency 

index is to zero, the greater the consistency. The 

consistency of the assessments is ensured if the 

equality 8ij . 81k = 8;k holds for all criteria. The 

relevant index should be lower than 0.1 O to 

accept the AHP results as consistent. If this is 

not the case, the decision-maker should back to 

Step 2 and redone the comparisons. 



4. Canpetene2 identification 
framewcrk a, t_hecases:udy 

4.1. Competenm identificatioo framewak 

A summary of an integrated framework to 

identify organizationa_l core competences is 

given below [6]. The main four stages include: 

1. Mapping firm capabilities, 

2. Determining key capabilities, 

3. Determining competences, 

4. Identifying core competences. 

Key capabilities determination is considered 

the most important step in the process. AHP is 

used to define key capabilities by conducting 

pairwise comparisons to evaluate the 

contributions made by capabilities under certain 

measurements. We demonstrate how to isolate 

competences from key capabilities by assessing 

their collectiveness and unique attributes. 

Collfrtivmess refers to the operational 

flexibility of the company and is assessed by 

gauging the integration: across-function (the 

extent to which a capability is an indispensable 
element of one · or more cross-functional 

processes, i.e. Nissan's cost control for its 

efficient logistics and production processes), 

across-product (the extent to which a capal;,ility 

is shared by various products, i.e. Canon's 

optical . technology used in image systems, . 

copiers, and cameras) and across-business (the 

extent to which a capability is an indispensable 

element of various business units, i.e. 

McDonald's operations management for its 

world-wide outlets). Uniqueness associates with 

the organization's external differentiation to 

rivals and is assessed against three attributes 

namely: rareness (the degree to· which a 

particular capability is distinctive in 

competition), inimitability (the degree to which 

a particular capability is inimitable by 

competitors) and non-substitutability (the degree 
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to which a particular capability cannot be 

replaced by other resources or capabilities) [6]. 

4.2~ Caseaudy: University library ~stem 

In this information age, the information 

market has expanded, and so has the workforce, 

. both in magnitude and diversity. With all the 

changes, the · character of the library has 

changed, modes and ethic~ of information 

transmission have been reconfi~ured, and library 

work ha~ · been redefined in collaboration with 

diverse partners from the new · world of 

information. These changes are fundamental and 

a clear appreciation of the role and functions of 

th~ modern day libraries is only possible by 

examining the capabilities that are required to 

perform information work in the changed 

context and setting. This process has been 

accomplished through competence definition 

and validation [ 11]. 

The proposed framework is tested for the 

library system of our university, where the · 

manager and the personnel are interviewed to 

develop an overall picture regarding the 

strengths and weaknesses _of the library's key 

capabilities. 

4.2.1. Mapping firm capabilities 
We have prepared 25 different questions to ask 

to library manager and to library personnel. 

Some of the·m are: 

· - What ,are the mission, objective and 

perspective of the library? 

- Describe the organizational units and · the 

. relations among thei:n. 

What are the job descriptions? 

- How the financial support is provided? 

- Compare the library with the libraries of 

other universities. Define the strengths and 

weaknesses. 

- What are the qualifications of the personnel? 



These questions have directed us to define 

physical (i.e·. building, space constraint), 

intellectual (organization's sub services) and 

cultural capabilities. 

1. Services offered to library users 

a. Collection size and resourc_e access 

o French resources 

o Turkish resources 

o English resources 

o Resources in different languages 

b. Technical services 

o Cataloguing 

c. Resource access 

o Remote access to resources 

o Active utilization of Web page 

d. Other services 

o Photocopy 

o Technical services 

o Computer laboratories 

2. Utilization of financial resources 

a. Spend them in respect to needs 

b. Management (of database, ... ) 

3. Active utilization and increasing the 

number of users 

a. Service presentation 

b. Advertisement 

c. Evaluation of services 

d. Preparing questionnaires 

e. Please users 

4. Human resources and personnel 

a. Technical competence of p~rsonnel 
b. Education of personnel 

c. Job definitions 

d. Job guaranty 

e. Information management 

f. Administrative management 

5. Ergonomic and physical constraints 

a. Provide maximum utility 

b. Create more functional spaces for 

users 

c. Protection and conservation of 

collections 
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4.2.2. Determining key capabilities 
AHP is used to determine key capabilities out of 

the mapped capabilities. The pairwise 

comparisons of capabilities are done by the 

library manager. After applying the steps of 

AHP, we have obtained the normalized weight 

values for each capability. The first ten most 

important capabilities for a library system with 

their weights are given in Table 1. 

T bl 1 N a e r d . h orma 1ze we1g bT. ts o capa 1 1t1es 

Capabilities 
Normalized 

Wei~ 
Resource access 0.265 

Coll. size and resource access 0.131 
Job guaranty 0.088 

Tech.competence of personnel 0.085 
Technical services 0.064 

Service presentation 0.054 

Management ( of database, ... ) 0.049 
Information management 0.034 

Advertisement 0.030 
Please users 0.027 

4.2.3. Determining oompetenas 
The results reveal that "resource access" is the 

most important capability with a weight 26.5%, 

where the collection size and resource access 

takes the second place with a weight of 13. 1 % . 
From the table, we can see that the sum of the 

importance weight values of the first 10 

capabilities reaches to 83%. Therefore, these J 0 

capabilities can be taken as the competences of 

the library, i.e. candidates of core competencies. 

4.2.4. Identifying oore ampetenas 
This _stage includes quantitative assessment 

of competences in terms of internal integration 

(collectiveness), and external differentiation 

(uniqueness). Each competency is assessed on a 

scale of 1-10 by the library manager (Table 2). 



· Table 2. Uniqueness and collectiveness 
t f bTf assessm~n s o capa 1 1 1es 

Capabilities Collectivenees Uniqueness 
Resource access 9 4 

Coll. size and 8 9 

resource access 

Job guaranty 6 7 

Tech.competence 9 5 

of personhel 

Technical services 8 6 

Service 8 , 7 

. presentation 

Management 7 5 

Information 9 7 
management 

Advertisement 5 8 

Please users 6 9 

Mean 7.5 6.7 

According to the framework procedure, the 

key capability should be assessed 

simultaneously against the collectiveness and 

.uniqueness scores to allow for a balance 

approach. The average assessment value of 

collectiveness and uniqueness is calculated as 

7.5 and 6:7, respectively. The core competencies 

have to reach · at least these mean values 

simultaneously. The other competences are 

excluded because they have failed to achieve the · 

required score. Therefore, the core comp~tencies 

of the library system _of Galatasaray University 

are · identified as: ~'collection size and resource 

access", "service presentation", and 

"information management". They _are the !110st 

collective key capabilities that govern the 

internal activities, and also the most unique tools 

the library has against other university libraries. 

They provide the library management with 

guidelines about strengths and weaknesses of 

their potential capabilities. This also provides 

the library management with enough grounds to 

undertake strategic investment decisions. 
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5. Coodusioo 

Core competencies are valuable capabilities 

of a firm. By fully exploiting its core 

competencies the firm can establish competitive 

advantage in the marketplace. Our paper uses a 

structured framework for determining the key 

capabilities using analytic hierarchy- process 

(AHP). The AHP is utilized due to its ability for 

taking into account bot~ the qualitative and 

quantitative measures. The framework ts 

illustrated and validated on · a university library 

system. The results obtained are to be exploited 

by the · library management to fill in their 

competence blackholes and enhance their 

operational and strategic business performance. 
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Abstrad 

The fundamental requirements of the patients 

who search for medical services at a health care 

facility have · been analyzed using quali~ 
function deployment (QFD) procedures. The 
process sequence of services provided to the 
custo.mers in the health care facility has been 

documented using a flow diagram. The quality 

elements chart, quality elements deployment 
chart, relationship matrix, and structure of 

quality chart have been prepared and used to 

identify and understand the requirements of the 

customers, and .deploy their requirements in the 
service quality provided by the health care 
facility for the future customers. The results 
obtained provided insight on customers' 
requirements and means to improve the quality 
of services provided by the health care facility; · 

1. Introduction 

Measurement and evaluation of produc~ 
quality is not difficult, since one can establish 
conformance · standards, inspect and test 

products, identify defect rates, correct errors, 

and impose performance level. But, performance 
of service quality is very difficult to measure, 
since the services are intangibles, perceptible 

and have a subjective nature. A service triangle 
was devised [ 1] showing the importance of the 
client within the service organization placing it 
in the central circle. The three critical elements -
service strategy, system, and person must act 
jointly for • maintaining a minimum level of 
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service quality. These three factors show a clear 
service strategy, the person ·in the front line 

directed to the client, and the system returns to 

the client, are all relatively simple concepts and 

of easy understanding [2, 3]. However, 
transforming them into reality is almost always a 

difficult task, especially in small and medium 

enterprises and it is not much different for large 
enterprises. 

The priority for the developing countries is to 
improve the service sector. The country which 

can first reach this objective will dominate 

economically the 21 st century. In addition, the 
definition of quality and productivity programs 

and the validity of the consumer protection code 
greatly affect the service sector compelling the 

enterprises to rethink how their organizations 
can improve service quality in order to satisfy 
their customer needs. 

It becomes more complicated, when this 

service is an integ~al part of a health care or 

social organization. These organizations have 

the function of receiving people, for some 

reason, when they are sick or wounded,' and treat 
them to bring to normal or more close to normal. 

Therefore, any quality program in a health 

care facility must concern in a~alyzing the 
problems using appropriate techniques which 
can identify and quantify the requisites that can 
satisfy the customers [4, 5]. The fundamental 

requirements of the patients who search for 
medical services at a health care center in Brazil 

have been analyzed using the QFD procedures 
for implementing total quality in the health care 



center chosen for study [6]. The QFD permits to 

assemble a considerable amount of information 
in a concise form, in a small number of 
documents - QFD diagrams. The graphical 
format is more effective in simplifying complex 

· information. 
The QFD aims at the client. It is necessary to 

hear the "voice of the client" during the 
development of the service, identify and focus 

on the details and decide what is important. This 
tool simplifies a set of information through the 
use of graphs based on matrices. The QFD is a 

system that translates the requirements of the 
clients, identifies necessary modifications before 

major expenses take place, reduces risks during 
the development phase, creates basic knowledge 

of the service, and introduce the "voice of the 
customer" in the development process. 

This method permits that a great quantity of 

information is collected, in the form of graphs. 
As each client differs in his/her expectations and 

necessities, consequently, in the requirements, 
identifies clients in the various stages of . 

development life cycle, and employs techniques 
to compile the requirements of the clients. The 

QFD demands a list of "WHATS" AND 

"HOWS", where the items "WHATS" are the 
necessities of the clients and the "HOWS" are 

the measurable requisites that can affect the 
understanding of the requirements of the clients. 

Quality function deployment - specifically, 
the house of quality - · .is an . effective 
management tool in which customer 
expectations are used to drive the process under 
consideration. Some ·of the advantages and 

benefits of implementing QFD are: an orderly 

way of obtaining information and presenting it; 
shorter development cycle; considerable 

reduction in costs; fewer process changes; 

reduced chance of oversights during process 
execution; an environment of team work; 

consensus decisions; and preserving everything 
in writing. QFD implementation results in 
satisfied customers [7, 8]. 
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Using QFD for implementing total quality in 

health care services, the voices of the customers 
have been deployed and their requirements have 

been well understood for providing continuous 
improvement in service quality provided to the 
internal and external clients [9]. The health care 

center at Federal University of Santa Maria 

(Brazil) is one of the most complex reality 
enterprises and its principal objective is to attend 

the health care requirements of the community. 
The QFD has been used to identify and focus on 

high risks involved in developing a product in 

health care, and to determine the requirements of 

the customers. When the system really fails in 

meeting the requirements of the customers, QFD 
helps to determine the areas that require 

improvement and innovation to attend 
satisfactorily the requirements of future 

customers. The study provided a thorough 

analysis of critical areas and permitted to 
implement total quality concepts in the services 

provided by the health care center using QFD 
principles. 

At present, health care industries throughout 
the world are struggling with the challenges of 

setting up economic ways and means of 

satisfying the human wants for the health care 

services. It is important to emphasize that Brazil 

spends less in health care, according to the 
standards followed in the developing countries, 

and the worst, spends bad, according to the 
conclusions found · in the World Bank report 

[1 OJ. 
The health care facility has the justification 

for its existence since it attends the health care 

requirements of the people in the community 
and here one depends on the other for survival. 

The health care facility needs to have relations 

with the community, evaluate their 

requirements, and must take into consideration 
their expectations and be prepared to attend 
them properly. Today, the requirements of the 

community are constantly changing providing 



- new service opportunities to the health care 

facility . 

2. Proooss Diversty in · Health Care 
Servi<2 

The increasing complexity of health care 

organizations .that interact more with agile 

environment, presents new necessities and 

opportunities to provide appropriate services to 

the customers. The great diversity of the 

processes that composed of health care services 
is a challenge to be confronted, since the health 

care user is not a common customer, because the 
proper individ_ual is the product to be evaluated. 
The services offered in the health care facilicy 

vary much since the technique used depends on 
the necessity of each individual who looks for 
attention, however, the adaptation must be in · 

relation to the necess1t1es that appear 

unexpectedly and that end up representing 

deviation in quantitative and qualitative terms. 

In the case of health care, the service is a must 

and adapts to the necessities demanded at the 
exact moment by the customer, and each 

customer needs service specific to his/her health 

problems. A . simplified flow diagram is used to 
show the various steps of the process sequence 
of service that a patient should pass through 
(Figure 1). 

3. Quality Function Deployment for the 
Health CareSyseni 

In the manufacturing industries, the quality 
function deployment is analyzed initially using 
the quality characteristics deployment chart. 

But, in the service organizations it is analyzed 

using the quality elements deployment chart. 
These basic elements can be· measured and 

evaluated in terms of quality. . Table 1 is the 
matrix prepared by combining the demanded 
quality deployment chart and quality elements 

deployment chart. This shows the correlation of 
results between the demanded items listed in 
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three different levels and the corresponding 

quality elements. 

Patients 
t ccepted to 
Check-in'? 

Yes 

. Check-in and Get 
Admission Card 

No 

Outnaticnt 1-◄~~-......_ Accepted? 

Yes 

Hospitali1..ation 

Wait 

Send lo the Room 

Do the Tests 

Treatment 

Pischargc 

No 

7 

. I 

Figure 1. Process sequence flow diagram 



Table 1. Quality elements of the health care 
center 

Demanded Items 
1------~-____,.----,--,-------...-r-----1 Quality Elements 

J 51 levt>l 2" ltvel 3"' ievel 

Trained 
and 
satisfied 
employees 

Good Reception Kind attitude and 
easy access to 
hospital 

attitude in 
serving the 
palicnts 

Quick Immediate 
service attention and 

effecti\•c service 

Cle.an room Bed adapted to the 
needs, clean bed/ 
cloths, and 
pleasing room 
conditions 

Calm room Quiet room, 
pleasing and silent 
environment 

lnformation About meals, 
pa1menL and 
visiting time 

Meals Served at 
convenient times:, 
warm, variety, in 
sutncient quantity 

Employees Ancntivc, 
compt,--tcnt, calm, 
and fast 

Table 2 shows the quality element chart, as 

the function of executed services identifying the 

health care center activity factors [2]. In Table 3, 

the importance of these patients demands have 

been ranked based on their experience and 

interaction with the current patient base. The 

rating scale is: 1. very low importance; 2. low 

importance; 3. some importance; 4. important; 

and 5. very important to the patient. Service 

point can be characterized as follows, with the 

ratings indicated: well attended, 1.5; attended 

satisfactorily, 1.2; and poorly attended, 1.0 [11]. 

Table 2. Quality elements chart 
Level I Degree of Health Care Services 

Level 2 A B C 0 E F 

Level 3 12 3 567 IOll 13 14 16 11 19 20 
4 89 12 15 18 21 
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where: Le;fi 2 - A. Service at reception; B. 

Service at the patients' rooms; C. Service at 

information; D. Service in meals served; E. 

Attention of employees; and F. Information after 

discharge. Le;fi 3 - 1. Pleasing location for 

reception; 2. More waiting time in the queue; 3. 

Level of information; 4. Level of immediate 

attention; 5. Level of cordiality and kindness; 6. 

Level of general cleanliness in the room; 7. 

Level of ventilation and illumination; 8. Level of 

calmness and silence; 9. Level of insects' 

contamination ( cockroaches, flies , and 

mosquitoes); 10. Level of communication with 

persons from the nurse ward; 11. Level of 

promptness; 12. Level of information about the 

persons from the nurse ward; 13. Level of 

convenience of meals time; 14. Level of meals 

quality, warm and variety; 15. Level of meals 

quantity served; 16. Level of attention and 

competence of hospital employees; 17. Level of 

general servjces in the health care center; 18. 

Level of patient's value during hospitalization; 

19. Level of information about the treatment to 

be given at home; 20. Level of waiting for 

consulting after discharge; and 21. Level of 

return to health care center. 

Table 3. Quality elements deployment chart 
A N p B (' D t: 

Pleasing 3 167 L2 10,00 15 
reception 

Quick response 5 2 250 10 12 .50 l9 

Clean room 4 3 4 1.33 L2 6.40 I() 

Good 4 3 4 LB L5 8.00 12 
communication 

Qual.ity meals 5 3 L67 u 10,00 l5 

Proper treatment 5 4 1.25 u 9,J8 14 

Follow-up after 4 2 4 2.00 12 9.60 15 
discharge 

Total 65.88 

D "" Ax Bx C; B ,,,. PIN: E "" (Dffotal) x !00 

where: A = Rating of importance; N = Present 

health care; P Plan; B Ratio of 



improvement; C = Service point; D = Absolute 

weight; E = Demanded weight. 

4. Res.lltsand Dis:ussioos 

Based on the absolute weight as well as the 

demanded weight computations, the quality 
elements (patients' demands) are ranked as 
showri in Table 4. It is clear from -the ranking · 

that the patients (customers) are very concerned 

about not getting quick response when they go 
for treatment to the health care facility. Equally 

they are concerned about reception at the front 
desk, quality of the meals provided during their 

stay, and follow-up treatment after they are 

discharged from the health care facility. 

table 4: Ranking of the quality elements 
Quality Eltmtnt D Rank E Rank 

Quick response 12.50 I 19 l 

Plc:nsing reception 10.00 2 15 2 

Quality meals . 10.00 2 15 2 

follow*UP after discharge 9.60 4 15 2 
Proper treatment 9.38 5 14 5 

Good communication 8,00 6 12 6 

Clean room 6.40 7 10 7 

D = Absolute weight.; E == Demanded weight. 

Figure 2 shows the partial structure of house 
of quality translating the health care center 
patients' requisites into requisites for improving 
the service provided. The patients' requisites are 

the negative and . positive comments through 

complaints. Identify the requisites and take to 

relationship matrix to find out one of the · 

following relations: strong, mild, or weak using 
the symbols in Fig. 2. 

It is seen from the quality chart (Fig. 2) that 
there is a strong correlation between pleasing 
reception at the front desk and quick response in 

providing service to the patients by the health 

care personnel. Proper treatment to the patients 
also has strong correlation to response time 
(quick service provided to the customers). 

The results have also been analyzed as a 
function of patients' reception when arrived at 

the health care center, the room environment 
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where they are hospitalized when treatment is 

needed with specialized professional assistance, 
the meals quality, and the assistance from the 

nurse ward. These four types of benefits that are 

. obtained with the ~ouse of quality identify 
opportunities for future improvements and 
encourage programs for improv_ing service 

quality. in the health care systems. 
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With. regard to the understanding of the 
necessities of the patients, the results obtained 
show that there exists really lack of information, 

principally in admitting patients in the health 

c~re . center. Other problem that appears is the 
time spent by the patient in the "waiting room", 

before attended by the doctoL There are many 
negative comments made about waiting time in 

the doctor.'s consulting room in the health care 

center. 

With regard to the room, the complaints are 
about the presence of insects principally during 
the warm seasons. Other information obtained 

was about the meals, many times served cold, 
but quantity ·served is sufficient. There were no 

complaints about the nurses. They are always in 
contact with the patients and try to transmit the 
information clearly about the treatment. 

-.----,-----:--.-:--~ --- - ,.,,. - •. ········-·-
S.ti,faction 

Mcali · Scn.,t:e Qwlity - r ·--·-
i 0 

t i.i JI Hln 11 fii 1 f 11 

1-+·-f--~>---,...l,. 

i . · ·o · o· · ·A· o 
IS ◄S 45 Ii ◄$ 9(. . - - -

•: ... 
I 

\ 
- -- ---- ·-- '··- ·- .. 

__ _lS 

Note; 0 Suong relation (9) 
0 Nomw ttlatjon (3) 
~ Weal rellcion {I) 

Figure 2. Structure of quality chart (partial) 



5. Condusons 

It is seen from the study that the QFD 

procedures helped to determine the areas that 

require improvement and innovation. The 

. quality elements chart, quality elements 

deployment chart, and structure of quality chart 

prepared were helpful m identifying and 

understanding the requirements of the 

customers. Then the customer requirements 

were deployed in order to improve quality of the 

service provided by the health care facility for 

the future customers. The results . clearly 

provided insight on customers' requirements and 

means to improve the quality of services 

provided to them. 

The functions of the health care center are 

sufficiently known and outspread. However, the 

functions are not always performed to the 

necessities that involve the efficacy of the 

service. This happens because the economic 

structure of the country does not accompany the 

population growth. It is verified that the 

resources and the investments in the health care 

sector do not satisfy the necessities of the 

clients. To correspond to the increasing demand 

of quality, there exists a necessity to 

continuously modernize the health care system. 

In the public organizations·, there exist certain 

opposing points in obtaining the service quality 

that are not common in the private sector. 

However, the public health care center analyzed 

in this study attends the poor population. , The 

search medical/health care is too much and 

many times improper a!1ention affects more and 
more patients' health. The waiting _time is long 

and it is necessary to invest more on public 

health care services so that fast and efficient 

services can be provided. Lack of providing 

immediate services generates more expenses to 

the government. There are no incentives and 

training to the ~mployees. No regular courses on 

total quality control are being offered at the 

health care center and if offered the concepts of 
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total quality control is not applied in practice at 

present. 
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The Jacksonville District, U.S . Army Corps 

of Engineers (COE), has close to a thousand 

employees and is the second largest civil works 

district in the nation. Over the past century the 

District has been a major player for rria11y 
ecosystem initiatives in central and southern 

Florida (i .e. the Everglades), as well as in the 

St. Johns River floodplain management project 

and the Kissimmee River environmental project. 

The most aggressive district project is the 

multi-billion dollar Comprehensive Everglade~ 

Restoration Project (CERP) that was launched in 

2001. It includes sixteen counties and an 18,000 

square-mile area. It has 1000 miles of canals, 

720 miles of levees, and several hundred water 

control structures. The project will restore the 

south Florida ecosystem and . meet the water 

needs of south Florida for the next 50 years. . 
This research focused on one component of 

the CERP effort- the COE Indi~n Ri.ver Lagoon 

. Project. Decision· analysis was used to evaluate 

the various (six) construction alternatives. The 

recommended alternative was selected as the · 

optioh that was actually implemented; Project 

management techniques were employed to find 

the critical path for the optimal alternative. 

1. Disrid Project Backwo1.md 

The Jacksonville District's projects are often 

designed for multi-purpose uses such as storage 

of water for municipal and industrial use, flood 
control, navigation, irrigation, hydroelectric 
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power development, conservation of fish and 

wildlife, and recreation. The district provides 

planning, . engineering, and management 

· a_ssistance to federal agencies, such as coral reef 

restoration for the National Oceanic and · 

Atmospheric Administration, design and 

construction of sewage treatment facilities for 

the Environmental Protection Agency (EPA), 

dredging support to the Navy and Coast Guard, 

and restoration of parks for the National Park 

Service. The district also assists the Federal 

Emergency Management Agency (FEMA) with 

disasters in Florida, Puerto Rico, and the U.S. 

Virgin Islands. The Jacksonville District also 

exercises regulatory authority, primarily in the 

area of dredge and fill activities, including dock 

construction, residential fills, sanitary landfills in 

wetlands and major port expansion. 

In 1905, .the Everglades District was 

established to drain the Everglades. Undrained 

land was sold as parcels of a "tropical paradise" 

to northerners. Unfortunately, Lake Okeechobee 

conti_nued to drain into the Everglades making 

drainage an ongoing project. In 1928 a · 

devastating hurricane struck Belle Glade with 

winds of 135 miles per hour. A waJI of water 

from Lake Okeechobee drowned over 2000 

people in one hour. As a result, the Federal 

Government recognized the need for water 

control around Lake Okeechobee in order to· 

ensure the region's agricultural future. In 1930 

the Rivers and Harbors Act authorized the 

construction of the Herbert Hoover Dike, a 

massive levee around the southern rim of Lake 

Okeechobee. In 1948 Congress authorized a 

massive public works project called the Central 

and Southern Florida (C&SF) Project for Flood 



Control and put the COE in charge of the 
massive water delivery system for south Florida. 

By 1962 engineered structures constructed by 
the C&SF Project had cut off the northern 
Everglades from the central and southern 
Everglades. The Corps began channelizing the 
Kissimmee River for flood contro_l, which 
resulted in some 48,000 acres of marshland 
being destroyed. Periodic severe drought 
conditions followed decades of drainage, leading 
to dramatic wildfires across the Everglades. 
This had the adverse effect of consuming the 
region's precious organic soils. Between 1970 
and 1971, a period of extreme drought 
heightened awareness of water supply and 

. environmental problems in south Florida. The 
Governor's Conference on Water Management 
in south Florida concluded that water quality 
was deteriorating significantly and that water 
quality was insufficient during the dry season. 

The Water Resources Development Acts of 
1992 & 1996 authorized the U.S. Army COE to 
review the existing C&SF Flood Control 
Project, and develop a comprehensive plan to 
restore and preserve south Florida's ecosystem, 
enhance water supply, and maintain flood 
protection. The Water Resource Development 
Act of 2000 · authorized .a comprehensive 
Everglades restoration and supported the 
Everglades C&SF restudy report which 
recommended a 30 year-plus restoration of south 
Florida's ecosystem. Congress then appropriated 
the requisite funding. Florida's Governor; Jeb 
Bush, in the · Everglades Investment Act 
committed the state to, 50% of the Everglades 
restoration costs. In 2001 the U.S. Congress 
passed the Restoring the Everglades, an 
American Legacy (REAL) Act (S.2797), 
authorizing and initiating funding for the $7.8 
billion Comprehensive Everglades Restoration 
Plan (CERP) developed by the Jacksonville 
District, U.S. COE. Since 2002, scores of 
agencies and organizations have been involved 
in a very deliberate planning process to 
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formulate the CERP, which will restore and 
preserve south Florida's natural ecosystems 
while enhancing water supplies and maintaining 
flood control. The current plan encompasses 
over 68components that are grouped into 40 
complex projects. The Indian River Lagoon 
Project is a separate element of the overall 
CERP and is one of the projects. 

2. Indian River Lagoon Project 

The Indian River Lagoon, (IRL) is part of the 
longest barrier island complex in the country, 
occupying more than 30% of Florida's east 
coast. It spans approximately 156 miles from 
Ponce de Leon Inlet in the Mosquito Lagoon to 
Jupiter Inlet near West Palm Beach, straddling 
both warm and subtropical ecological regions. 
With over 2000 types of plants and animals, 
including 700 fish species and 310 species of 
birds, the IRL supports a higher diversity of 
organisms than any other estuary on the North 
American continent. Fifty species of threatened 

or endangered plants and animals live in the 
IRL, among them the American crocodile and 
alligator, the West Indian manatee, and the bald 
eagle. The Indian River is not really a river, but 
a complex set of distinct water bodies bordered 
by the Florida mainland and a series of barrier 
islands. Salt water from the ocean and fresh 
water from streams, creeks, rivers and runoff 
flows in wind-driven currents through the IRL. 

The IRL is a pivotal economic resource. It 

contributes roughly $731,000,000 annually to 
the economy through shellfish culture, 
commercial and recreational fishing, and boating 
sales. Residential development along the 
beautiful shores of the lush lagoon is increasing. 
However, human development activities are 
taking a toll. While the population within the 
watershed was estimated at 319,426 residents in 
2000, it is expected to grow to close to one 
million by 20 I 0. The IRL was designated by the 
EPA as an Estuary of National Significance. 



. This initiated both local and national efforts to 

better protect the biodiversity of this rich 
· ecosystem. This designation, which placed the 

IRL within the National Estuary Program, 

provided a five-year charter and federal funding 

to create a plan for coordinating management 

and conservation- efforts for the IRL. 

3. Standards 

To better understand the IRL degradation, it 

is important to understand the desired standar~s 

and characteristics of lagoons, estuaries and 
healthy ecosystems. Lagoons · are shallow 

coastal bodies of water separated from the oceari 

by a ~eries of barrier islands, which lie parallel 

to the shoreline. Inlets cut through the barrier 

islands and permit tidal currents to transport 

water in and out of the IRL. Shallow lagoons 

are strongly influenced by precipitation and · 

evaporation, which results in fluctuating water 

temperature and salinity. Lagoons are often 

fragile due to . harmful pollution effects from 

municipal, industrial and agricultural, runoff. 

Estuaries are partially enclosed bodies of 

water formed where the rivers and streams flows 

into the ocean, meeting and . mixing with the 

salty seawater. Although influenced by the 

tides, estuaries are protected from th(? full force 

?f ocean waves, winds and storms by the reefs, 

barrier islands, ·or fingers of land, mud, or sand 

that define an estuary's seaward boundary. · 

Water draining from the uplands _ carries 

sediments, nutrients, and other pollutants. As 

the water flows through fresh and salt marshes, 

some of the sediments and pollutants are filtered 
out. This process creates cleaner water, which 

benefits both people and marine life. Wetland 

plants and soils also act as · a natural buffer 

between the land and ocean, absorbing 

floodwaters and dissipating storm surges. _ This 

protects upland organisms as well as valuable 

real estate from storm and flood damage. 

However, with the current canal system in place, 
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the water carrying concentrations of 

phosphorous and other n1:1trients has a "straight 

shot" to the estuary-. This bypasses the fresh and 

salt marshes and creates a problem. This 

problem can be a_~eliorated by building 

Storm water Treatment Areas (ST As). 

An ecosystem is a community of interacting 

species . occupying a given area, together with 

the physical environment within which it exists 

and interacts. It is an interconnected network of 

biotic and abiotic components comprising a 

given area or region. Healthy ecosystems 

support high biological diversity, while stressed 
· or highly disturbed - ecosystems do not. A 
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healthy ecosystem is resilient, resistant or 

otherwise stable and diverse. Such an ecosystem 

is characterized by a state of dynamic 

equilibrium, and is one in which structure and 

functions allow the maintenance of the desired 

condition of biological diversity, biotic integrity, 

and ecological processes over time. 

The factors which threaten biological 

diversity in estuaries and in the oceans are 

generally the same as those which affect 

biological diversity in terrestrial systems i.e. 

overexploitation, physical alteration of habitat 

areas, alien species introductions, and changes in 

atmospheric composition. Many threats to the 

• survival of life in the oceans (i .e. siltation,. 

nutrient loading, pollution of air and water by 

toxic · chemicals, etc.) can originate on land. 

Also threatening marine ecosystems, particularly 

coastal and estuarine systems, is the continuous 

increase in the size of human populations, 

wasteful resource consumption, lack of 

knowledge, ·and poor management. Habitat 

degradation, which occurs as the result of these 

problems, inevitably leads to loss of species 

from an ecosystem, and thus, a loss of biological 
diversity. 

4. Problem Statement 

The hydraulic connection of the IRL to the 

overall C&SF Project, which facilitates regional 



flood protection and drainage, is causing 
extensive damage to · IRL bottom vegetation, 

water transparency, and living organisms. 

Regional development, drainage, and 
navigational improvements, including 
connection of the St. Lucie River (SLR) to the 
Okeechobee Waterway and other operc;1tions of 

the C&SF system, have led to ever-increasing 
discharges of large volumes of freshwater to the 

estuary during intense rainfall events. Along 
with the freshwater discharges have come muck 
deposits, other sediments, and excessively high 

levels of nutrients including phosphorus and 

nitrogen. Muck has accumulated on estuary 
bottoms and has also covered large areas of the 
water, impeding the penetration of sunlight to 

the bottom, reducing oxygen levels in the water 
column, and indirectly causing the 
disappearance of native sea grass and oyster 

beds. The remaining portion of the biological 
component of the estuarine ecological system is 

no longer capable of supportin~ the rich 
assemblage of invertebrates, fishes, and wildlife 
that has made the IRL area unique and 
renowned. 

Because so much of the St. Martin and St. 
Lucie Counties' income relies on recreational 
and commercial fishing and other marine-related 
activities, further degradation of the lagoon 
ecosystem . would have a direct adverse impact 

on the regional economy. This degradation is 

unacceptable to area residents and es~ablishes 
the basic problem set. Thus, the problem is 
find the most · as-effective alternative to 
adequately arrest and then restcre the 
8COE¥Stem c:l the I RL. 

5. Criteria and Modeling 

There are three primary feasibility criteria 
that must be met by all potential alternatives that 
will be considered in the study. These are the 
filters to eliminate non-viable ·alternatives. 
These three feasibility criteria are as follows: 
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• First, ecological values must be restored. 
This includes at a minimum: (a) 

reestablishing a natural pattern of 
freshwater flows to the IRL; (b) 
improving water quality in the IRL; (c) 

improving the habitat for estuarine 
biota; ( d) increasing spatial extent and 
functional quality of watershed 
wetlands; ( e) improving spatial extent 

and functional quality of native 
upland/wetland habitat; and (f) 
increasing diversity and abundance of 
native plant and animal species, 

including threatened and endangered 

species; 

• Secondly, economic values and social 

well being must be restored. This 
includes at a minimum: (a) increasing 
the water supply; (b) maintaining 

existing flood protection; ( c) improving 

opportunities for tourism, recreation, 
and environmental education; and ( d) 
enhancing commercial and recreational 

fisheries and associated industries; and 

• Thirdly, the needs and purposes 

identified subsequent to the approval of 
the CERP must be met e.g. needed is 

storm water treatment to, among other 
things, reduce phosphorus and nitrogen 
loads in water discharged to the estuary, 
increases in natural wetlands acreage to 

provide for · additional in-ground water 

storage to attenuate rainfall driven 
runoff events, which would further 
reduce nutrient loads in canal waters. 
Specific restorative actions, such as 

muck removal and prov1s1ons for 
artificial settling substrates, were also 
determined as necessary in the estuary 
to help "jump start" restoration of native 

marme vegetation and to provide 
settling areas for juvenile oysters. 

The actual optimality criteria are those 
guidelines that will be used to measure the 



relative value of each proposed alternative. This 

employed a modified cost benefit analysis. A 
system of "habitat units" (HUs) was employed. 
With the total cost of each project, a cost per . . · 

habitat unit is derived. The performance 

measurements for cost benefit were ultimately 
based on an overall cost per unit. This metric 
was determined by dividing the average annu·a1 

cost (in $1000) by the output. The criteria were 

the metrics calculated for five key objectives: 

• · Achieve storage flow reduction (ac/ft); 
• Removal of phosphorus (Kg/yr); 
• Increase in wetlands restored (acres)'; 
• Incryase in watershed HUs; 
• Increase in estuary HUs. 

·Concerning modeling, fairly sophisticated 

computer models were developed to address 
watershed hydrology, reservoir operations, filter 

marsh routing and water quality treatment, and 
estuarine hydrodynamic modeling performed for 

the IRL Restoration targets were developed as 

performance measures for each project 
objective, and the performance of each 
alternative plan was measured · against these 

targets. These performance measures are in 

three separate categorie~: (a) estuarin~ 
ecosystem; (b) watershed ecosystem; an~ ( c) 
water supply and flood protection. 

Indices were developed for the three 
performance categories, as well as for Lake 

Okeechobee,' and an overall project quality i~dex 
to measure the performance of each alternative 
against the study goals and ·objectives. These 

indices are based on the percent of target 

achieved. The overall index was the sum of all 
the components of the estuarine index, 

watershed index, water supply/flood control 
index, and Lake Okeechobee index. 

Habitat units were calculated for the 
watershed benefits provided by each plan as well 
as for the estuarine benefits. Two sets of values 
were developed for each plan because it is . 
inappropriate to mix the habitat values provided 

for the watershed ecosystem with those provided 
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for the estuarine ecosystem. · The watershed 

ecosystem benefit is measured for wetlands and 

associated uplands as a function of storage 

potential , focal species improvement, and water 
quality improve!llent potential through 

phosphorus load reduction. The estuarine 

ecosystem benefit is measured for the oyster 

habitat potential, submerged aquatic vegetation 
potential; and benthic habitat potential. 

In order to evaluate the various alternatives 
the Multi:.factor Evaluation System (MFEP) 
·was used. Weightings for the MFEP were 

_ determined using . for implementation the COE 
employed a mixture of project management 
software systems. The two p_rimary systems used 
were Project Management Information System 

(PROMJS) and Primavera. 

6. Evaluatia, cl Alternatives 

Alternative 1 was the baseline alternative 
("Do Nothing") alternative. It assumed that the 
other components of the CERP are in place, 

local government storm water retrofits have 

been constructed in urban . areas, and that State 
and Water Management District Surface Water 
Improvement and National Estuary projects are 
complete. However, even with these programs 

and features in place, degradation of the estuary 
would continue to occur. 

Alternative 2 is known as · the minimal 

approach and employs above ground storage for 

salinity only. This alternative was developed to 

evaluate the minimal approach to restoration of 

the IRL. T.he primary focus of this alternative is 

to attenuate watershed runoff f~r the purpose of 
salinity control in the southern IRL and the o~ly 

components utilized were storage reservoirs to 
capture watershed runoff during storm events. 

Alternative 3 addresses the primary needs of 
the IRL and CERP. The primary focus here is to 

deal with the full range of planning objectives of 
the study, combining · prior · single proposed 

alternatives, which were an attempt to achieve a 



practical solution to the problems in the IRL 
with the expectation that some tradeoffs would 

be identified as the project proceeded. This 

alternative also consisted of above ground 
reservoirs, storm water treatment areas, pumping 
to divert existing flows, and added the use of 
natural storage and water quality treatment areas 

for multiple project benefits. The natural 
storage and water quality treatment area 

component introduced an opportunity to provide 
benefits to all of the ecological objectives cited 
in the feasibility criteria. 

Alternative 4 was Alternative 3 plus an 

increase in storage water treatment area and 

reduction in reservoir storage. This alternative 
· was developed to make improvements over the 

performance of Alternative 3. Additional water 
quality treatment components were included in 
this alternative, increasing the natural storage 
and water quality treatment areas, subsequently 
resulting in a reduction in reservoir storage. The 

natural areas included groupings of parcels that 

were both smal 1 and large in size and were 
distributed throughout the project area. 

Alternative 5 was essentially Alternative 4 
plus an increase in natural flow and flow 

diversions of existing C&SF flow. This was 
intended to result in additional improvements to 
water quality and diversion. This alternative 
was developed to further improve on the 

performance of Alternative 4 by increasing the 
opportunities to mimic natural ·flow pa~erns and 

by providing additional water quality treatment 
of basin runoff. This plan included different 
water flow diversions of existing C&SF canal 

hydrologic flow patterns through multiple routes 

in the watersheds to both the North fork and 

South Fork of the SLR and added two reservoir 
assisted storm water treatment areas in 

conjunction with the water flow diversions. 

Alternative 6 involved a modification of 
Alternative 5. Modifications included removing 
components that did not prove . to be cost 
effective and/or did not produce a significant 
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increase in benefits to the sub-regional system. 
The performance measurements were ultimately 

based on cost per unit output. This metric was 

determined by dividing the average annual cost 

(in $1000) by the output. This was done for the 
five optimality criteria. As an example, for 
Alternative 2, the average annual cost for 

phosphorus removal was $22,089,000. The 

amount of phosphorus removed using this 
alternative was 10,140 kilograms. Therefore, 
the unit output per dollar is found by dividing 

the two figures ( cost/benefit); this results in the 

value of $2.20. This is the average cost per 

output for these criteria. The results are in Table 

1 below: 

Table 1: Performanoe M eaSJresfor alternatives 

Alt Alt Alt Alt Alt Alt 

#1 #2 #3 #4 #5 #6 

Estuary NA 76 22 15 13 11 

Eoosvst 
Water-
died 
Eoosvst 
Wet- NA 0 1.2 .98 .96 .94 
lands 

Redone 

Water- NA 0 .68 .62 .78 .76 
shed 

H.U.s 

Water 
Flood 
Protect 
Flow NA .15 .34 .39 .34 .32 
reductn 

from 

Storage 

Phos- NA 2.2 .69 .57 .59 .61 
phorus 

remove 

The weightings for the various optimality 
criteria were provided by COE management. 

They were as follows: Estuarine Ecosystem 



(.35); Watershed Ecosystem (.35); and Water 

Supply/Flood Protection (.30). The following 

results were calculated for each of the 

alternatives: 

Table 2: Results d the Multi-Factor Evaluatioo 
and Sensitivity Analysis 

Alternative Weighted Weighted Avg 

Avg(MFEP) (Sensitive Anal) 

Alternative #1 * 100 100 

Alternative #2 59.0052 49.2841 

Alternative #3 5.2039 4.4159 

Alternative #4 3.7255 3.18 

Alternative #5 3.2873 2.8 f29 

Alternative #6 2.9479 2.5306 

* Note: Alternative 1 used zero in the 

calculations and recognized that this alternative 

is infeasible. 

Since the results are derived from a 

cost/benefit ratio, the smallest values are the 

best. Therefore, Alternative 6 is determined to 

be the "most cost effective and best buy" with 

the minimum weighted average of 2.9479. This 

reflects a minimized cost for optimum project 
objectives per dollar. 

Table 2 also contains a sensitivity analysis. 

In order to assess the sensitivity of Alternative 6 

as the best solution, the weights were changed 

by 5% to see what the impact would be on the 

results. Estuarine Ecosystem and Watershed 

EC'osystem were weights both were reset at .30; 

Water Supply/Flood Protection weight was reset 

at .40. The resulting weighted averages are 

shown in Table 2. It should be noted that 
Alternative 6 remains optimum. Therefore, 

there is a good deal of confidence that 
Alternative 6 is a robust solution. 

7. I mplementatia, 

A project management plan was next. 

completed. Specific tasks to be accomplished 
during the preconstruction engineering · and 
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design for Alternative #6 were determined using 

PROMIS and Primavera. The initial plan called 

for construction to take place over the next 6 

years and be completed in early 2013 . 

Approximately eight contracts for the ~orth and 

South Reservoirs and the North Storm Water 

Treatment Areas were included . in the overall 

evaluation. This consisted of approximately 48 

scheduled activities from the Corps' thirty-five 

page schedule for C-23 and C-24. 

The entire IRL project required massive 

scheduling. As an example of one part of this 

. scheduling, the critical path for the scheduled 

construction phase of canal structures C-23 and 

C-24 is shown below: 
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• Activity 07-29865- Land certification to 

•the Corps for C-23 and C-24 North · 

Storm Water Treatment Area. 

• Activity 07-29965- Receipt of funding 

for construction cost. of North Storm 

Water Treatment Area. 

• Activity 07-29970- Contingency 

funding set aside for the contract 

relative to the North Storm treatment 

Area construction. 

• Activity 07.:.29975- Supervision and 

administration funding set aside for the 

contract relative to the North Storm 

Water Treatment Area construction. 

• Activity 07-28600- Completion of 

construction contract #20 (Pump Station 

Structures 486, 487, 454, and 455). 

Due to restricted budgets, politics and special 

interest group participation, this schedule has 

been exte.nded. The schedule is now being 

rewritten with the current tundi_ng flows in mind 

and lessons-learned being incorporated into the 
project elements. 

8. Coodusioos 

Water resources projects are planned and 

implemented to improv~ water quality, enhance 

water delivery, and maintain · at a minimum the 

current level of flood protection. Most people 



would not be living in south Florida today if it 

were not for the· work of the COE. Prior to the 

turn of the last century, there were only a small 

number of people who lived in southern Florida. 

This number was restricted by the constraint that 

buildings had to be on high ground that was 
primarily near the coastal and central_ Florida 

ridges. It simply was too wet in the interior 

most of the time for people to live there. The 

C&SF project, by providing flood protection and 

water supply, will enable the population of south 

Florida to grow from 5.5 million in 1995 to 

over 11.6 million by 2050. 

The CERP was designed to meet this 

challenge head-on. This paper demonstrates that 

modern management science techniques are 

important in evaluating the many alternatives 

that were available to resolve the many issues 

surrounding one of the key projects of the 

CERP- the Indian River Lagoon Project. The 

most cost effective alternative was identified to 

arrest and restore the ecosystem of the Indian 
River Lagoon. It involved an innovative solution 

that will: reestablish freshwater flows; improve 

water quality and the habitat in the wetlands and 

estuary; increase the water supply; increase 
diversity and abundance of . native plant and 

animal species (to include endangered species); 

enhance commercial and recreational fisheries 

and associated industries to include tourism; and 

meet all performance metrics. These metrics 

include the removal of phosphorous, ~itrogen 

and other dangerous chemicals (e.g. arsenic) 

from the water supply, ~achieve flow reduction 

from storage, and increase the spatial extent and 

functional quality of wetlands restored, as well 

as watershed and estuary habitat units. The 

COE selected this alternative and launched 

implementation in 2007. In adopting this 

alternative the COE is assured that it will meet 

the demanding objectives of the IRL project in 

the most cost effective and efficient manner. 
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Service learning initiatives were adopte~ 
that provided support for computer laboratories 

in six local rural high schools during 2007-2008. 

The efforts were part of a National Science 

Foundation (NSF) funded program that used 
university engineering faculty mentors for high 

school teachers and students in science, 

technology, engineering, and mathematics 

(STEM) education. The program, Innovative 

Technology Experiences for Students and 
Teachers (ITEST), was developed in response to 

national concerns about shortages in the STEM 
fields. This paper examines the h.istory of the 

project, the development of the summer camps, 
and the service learning initiatives that 

supported the grant and local high schools. 

1. I ntroduction 

East Carolina University (ECU) 
received a National Science Foundation gr_ant 

that. focused on enhancing the interest iri . 

technology education possibilities for women, 

minorities and underserved students in rural 

areas. ITEST, Innovative Technology 

Experiences for Students and Teachers, was 
designed to increase the · opportunities for 

students and teachers to learn about, experience, 
and use information technologies within the 
context of STEM related courses, including 

Information Technology (IT) courses. This 
program was a response to the concern about . 
shortages of technology workers in the United 
States [9], [4]. Supported projects are intended 

22 

to provide opportumt1es for both school-age 

children and for teachers ·to build the skills and 

knowledge needed to advance their study, and to 

. function and contribute in a technologically rich 

society. 
To enhance the educational awareness 

for women, minorities, and underserved students 

in rural areas, this grant implemented two 
primary components: The Innovative 

Technology Academy for Teachers (IT AT) and 

the Innovative Technology Academy for 

Students (IT AS). The academies engaged 
University faculty from . STEM fields to help 

teachers infuse Information Technology · (IT) 

into their mathematics and science lessons and 

stimulate students' interests in these careers. 

The approach was designed to help teachers use 
realistic tasks as the driving force for infusing IT 

explorations into the classroom by using context 

based learning that applies situated knowledge 

and experiences to motivate and engage 

students. Howeve.r, the computer laboratories in 
the high schools were inadequate and East 

Carolina University students assisted these hjgh 

schools in addressing these issues. 

2. Innovative Technology Experienoos fa 
Studentsand Teachers 

The scientific, technological, and 

academic communities have a vital role to play 
in reaching out to education reform efforts and 
encouraging young people to study and pursue 
careers in STEM [2], [5].. ITEST utilized current 

information technology in the development of 

classroom lessons in the form of both software 



and hardware. !TEST had five areas in which 

curriculum modules were developed: solid 

modeling; robotics; excel; biomechanics~ and 

leadership and hidden barriers. Solid modeling, 

robotics, excel and biomechanics curriculum 

m·odules were aligned with national and state 

standards for specific science and math courses. 

Software and hardware was purchased 

for this grant which was utilized in creating the 

modules mentioned above for three of the five 

topical areas: solid modeling, robotics, and 

biomechanics. This software and hardware was 

also provided to the high schools that attended 

the summer camps. The educational curriculum 

lessons were predicated on utilizing the software 

and hardware in the high schools to teach the 

various curriculum modules. 

3. lnfamatioo Technology 

The scientific, technologicaL and academic 

communities have a vital role to play in reaching 

out to education reform efforts and encouraging 

young people to study and pursue careers in 

STEM [2], [5]. !TEST utilized current 

information technology in the development of 

classroom lessons in the form of both software 

and hardware. Technology is increasing in every 

aspect of the world today. In parallel with this is 

the critical importance of the work force to be 

prepared with the necessary skills to work with 

the technology driven work place. Larry Irving, 

the Assistant Secretary for Communication and 

Information for th~ U.S. Department · of 

Commerce, states that in ~today's world technical 

1 iteracy is ·· as important as the common three 

subjects, reading writing and arithmetic [ 4]. 

Dede, Korte, Nelson, Valdez, and Ward 

emphasize that 21 st century workers must have 

skills in science, math, and information and 

technology [1]. They state "A primary challenge 

for U.S. education is to transform children's 

learning process in and out of school and to 

engage student interest in gaining 21 st century 

skills and knowledge ... use of sophisticated 

23 

Proceedings of the 2009 IEMS Conference 

information technologies in every aspect can 

provide a powerful lever for this transformation" 

(p. 3-4). Unfortunately, rural schools typically 

do not have the resources needed to provide 

technology in the classroom. 

Technology is increasing in every aspect . 

of the world today. Technical literacy ts as 

important in today's world than the three 

common subjects: reading, writing, and 

arithmetic [ 4]. Further, Dede, Korte, Nelson, 

Valdez, and Ward add that 21st century workers 

must have skills · in science, math, and 

information and technology [ 1]. Dede, et al state 

"A primary challenge for U.S. education is to 

transform children's learning process in and out 

of school and to engage student interest in 

gaining 21st century skills and knowledge ... use 

of sophisticated information technologies in 

every aspect of education can provide a 

powerful leverage" (p. 3). Rural schools tend to 

not have the resources needed to provide 

technology in the classroom [ 6], [8]. 

4. Rural Schools 

McCullough and Johnson state "North 

Carolina is a very rural state" (p.5) and North 

Carolina has the second largest rural population 

m the nation [7]. Schools selected for 

participation with the ITEST grant came from 

rural areas. 

Rural areas have to deal with geographic 

isolation, small populations and declining 

enrollments in the school systems [8]. These 

characteristics affect access to resources such as 

Internet connection and support and 

maintenance of technology networks. Malhoit 

adds "rural places lack access to basic 

technology taken for granted in other places" (p. 

12) [ 6]. Rural schools face greater challenges in 

regards to technology and educational systems 

must address the needs of these schools. Reeves 

state "Many schools cannot afford to employ an 

on-site · technology coordinator to provide 

support" (p. 13) [8]. East Carolina University 



helped addressed these challenges by employing 

. service learning initiatives to assist these rural 

schools. 

5. Servire Learning Initiatives 

During the end of the fall semester, · 

2007, an· ECU student team with a faculty 

advisor was formed at the request of the ITEST 

principle investigator to assist several 

participating high schools with Solidworks 3D 

modeling software installation in the classroom. 

The student project was not part of a formal, 

class, but was co-curricular and contained two 

purposes. First, the students would provide 

service to local high schools by assisting in the 

installation of Solidworks on classroom 

computers. Second, the students would enhance 

academic skills through several identified 

learning outcomes: (I) students were expected to 

have a greater appreciation for real-world IT 

challenges; (2) the benefits of teamwork would 

become evident; (3) critical thinking and 

problem solving skills would be applied to solve 

non-structured technical problems. Our student 

learning initiatives were derived from the 

academic learning goals of LSAHE (Leaming 

Serve America, Higher Education) [3]. The 

importance of organizational · peripheral 

· personnel, ~uch as supervisors and 

administrators, in the overall success of the 

proj~ct was not realized until the team 
communicated with high schools to- arrange 

visits. 

The team consisted of two seniors and · 

one junior in the Information and Computer 

Technology (ICT) program, and one junior in 

the Industrial Technology program (ICT 

concentration). One senior was female which 

helps the students at the high school see a female 

technology student at work. All were invited to 

participate based on prior academic success and 

motivation. One ICT senior was chosen as the 

team leader, responsible for coordinating visits 
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with teachers and IT staff, scheduling meetings 

with the team, and result .documentation. Team 

members were resp·onsible for coordinating their 

schedule for high school visits and actively 

participating in the software installation. A small 

stipend was awarded from the grant for expenses 

incurred by the students. The adv.isor was a 

faculty · member in the ICT program, with 

several years teaching e_xperience. 

Students quickly learned the value of 

co~munication skills and the importance of 

organizational acceptance for the project. For 

example, While the teacher and students used the 

classroom and classroom computers, it was the 

role of IT staff to support the . computers. Also, 

IT staff normally had a supervisor that 

controlled · daily work. Finally, there had to be 

minimal classroom disruption. This meant that 

the team visits had to be coordinated with and 

approved by high school admin,istration. There 

was typically a two to four week delay prior to 

an actual visit. 
Students learned to thoroughly plan each 

v1s1t and anticipate unexpected technical 

impediments. The Solidworks software was 

installed on all. classroom computers through a 

DVD. Some high schools did not have DVD 

readers, so the team loaded the software onto a 

USB drive and brought both to each site. A 

Solidworks license server had to be configured 

at the high school. The license server controls 

the number of concurrent licenses, and disables 

Solidworks after the maximum number ·of 

concurrent licenses has been reached. Not all 

high schools. had spare computers; therefore, the 

team provided salvaged ECU computers on 

permanent loan. Responsible high school 

personnel signed for the computer, and the for~ 
was · returned to the College IT director. 

Classroom computers communicated with the 

license server across the local area network 

(LAN). Working with IT staff, the team 

configured the license server network 

requirements and placed the computer in a 



physically secure environment. In most ca~es, 

the license server resided in the networkmg 

equipment closet; in other cases, the license 

server was placed by the librarian's desk. It was 

the team's responsibility to place the computer 

in· the most secure available location. 

Problem-solving and critical t~inking 

skills were greatly challenged at O;'e high 

school. After the initial visit and software 

installation, it was discovered that the existing 

high school computers could not be used 

because . they did not meet the minimum 

requirements for the Solidworks software. After 

a spirited team meeting where alternative 

solutions were discussed, the team formulated an 

action plan. Salvaged university computers were 

identified, and the team worked with College IT 

personnel to build fifteen computers for the high 

school. A university van was reserved and used 

to take the computers to the high school. The 

team installed the computers and networking 

cables, then connected the computers to the 

network and tested for connectivity. Solidworks 

software was · loaded and tested. Finally, the 

team demonstrated the software to the teachers. 

Pictures were taken of the teachers and team 

members for the school newspaper. Including 

travel, the computer classroom was finished in 
one afternoon. 

The team met to after each visit to write 

a formal trip report and discuss after-visit 

installation challenges and successes. There was 

always ·a theme of pride in their accomplishment 

and overcoming· new technical challenges. 

Individual . student self-Gonfidence grew more 

visible after each high school visit, as the 

students applied prior learning to new situations. 

Enthusiasm, sometimes tempered by exhaustion, 

helped to build team camaraderie and keep the 

students motivated for the next high school visit. 

When the last installation was complete, the 

students were unanimous in looking for other 
service learning opportunities. 

25 

Proceedings of the 2009 IEMS Conference 

6. Coodusioo 

East Carolina University's NSF grant, 

[TEST, helped to integrate information 

technologies in local rural high schools. 

However, certain infrastructure barriers were 

incurred that resulted in the high schools not · 

being able to use the technologies to integrate 

STEM principles into their course. East Carolina 

University utilized current undergraduate 

students and faculty members in a service 

learning project that to overcome this barrier. 

The results of the · service learning project 

exceeded its goals. High school classrooms were 

equipped with Solidworks 3D modeling 

software through the assistance of the student 

team; students continually spoke of the 

enjoyment they received from working with 

high school IT staff and teachers. Student 

learning outcomes also were exceeded. Students 

experienced real-world IT challenges that could 

not be presented in the classroom; the students 

created and applied effective solutions. Critical 

thinking skills were used to create a new high 

school computer classroom. Finally, students 

improved their teamwork and communication 

skills through after-visit meetings, written trip 

reports, and work critiques. 
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Abstract 

This paper presents an analysis of the impact 

that recent accounting standards have had ·upon 

the revenue recognition for companies with 

cooperative advertising arrangements, such as 

rebates, coupons, buydowns, or other refund 

incentives. Based on the analysis, conclusions 

include implications for manufacturers who are 

considering alternative ways to structure 

promotional arrangements. 

1. I ntrodud:ion and back9"01.md 

With the promotion of great transparency in 

financial reporting through the Sarbanes Oxley 

Act of 2002 came increased attention by 

regulatory agencies to curb questionable 

accounting practices related !O intercompany 

trade. One area where accounting guidelines 

were not keeping up with practice occurred in 

supply chain efforts to respond to the sales 

incentives, product promotion, cooperative 

promoti_onal expenses, and many hybrid versi<;ms 

of shared distributic;m and handling costs. 

Specifically, accounting methods have been 

fairly . efficient in capturing the primary trade 

object (i.e., inventory) in a vendor-customer 

exchange, but have not consistently addressed 

how to account for the nuances of related 

secondary consideration from these promotional 
efforts. 

In order to address some of these issues, the 

Financial Accounting Standards Board's (F ASB) 

Emerging Issues Task Force (EITF) first tackled 

accounting for consideration given by a vendor 

27 

Angelika Isaacs 
Florida Institute of Tochnology 

i saacsa@fi t.oclu 

to a customer in EITF 01-9. This was in part a 

reaction to high profile cases of irregularities or 

fraud 1, 
2 persistent in vendor-customer commerce 

arrangements. While this tackled the vendor 

accounting, it did little to guide the variety of 

accounting treatments recorded by the customer 

or reseller as receiver of the consideration. 

Guidance, known as EITF No. 02-16 -

Accounting by a Customer (Including a Reseller) 

for Certain Consideration Received from a 

Vendor was issued on November 21, 2002, and 

is the focus o~ this paper. The paper explores 

the impact for companies adopting this 

accounting guidance, which has as its purpose to 

standardize accounting practices and 

classifications of cash considerations received 

from vendors, by generally requiring those 

considerations to be shifted from SGA to cost of 

sales. What this has meant is that when resellers 

allow their customers to redeem vendor coupons, 

they are required to recognize the vendor 

1 
See the case of Ahold. This company in February 2003 

showed a $500 million earnings overstatement in the US 
Food Services Group due to inappropriate recording of 
rebate revenue; the Company's restatement of earnings 
related to the now notorious fraudulent conduct at its U .S. 
Food Service unit has now been reported to be more than 
$ I . I billion, with restatements going back to the early 
2000 acquisition ofU.S. Food Service by Ahold. (See U.S. 
District Court, 2005). 

·
2 

See the case of Kmart. On August I, 200 I, two former 
vice presidents of Kmart Holding Corp. concealed a vendor 
side agreement to inflate earnings to meet analysts' 
expectations; the deception caused Kmart to overstate 
earnings by $42 million or $0.06 per share (Sec Hays. 
1003). 



reimbursements as a reduction in the cost of 
inventory received from the vendor. · 

2. Specific iSEl.lesaddressed 

Since EITF No: 02-16's issuance, EITF has 
provided ·additional guidance on the application 
of this consensus under EITF No. 03-10 
(Application of Issue No. 02-16 by Resellers to 
Sales Incentives Offered to Consumers . by 
Manufacturers). This additional guidance offers 
direction on recognizing vendor considerations . 
paid to resellers as reimbursement for the 
redemption of vendor incentives tendered by 
customers, i.e. coupons and rebates. The 
following is a brief discussion of the specific 
issues addressed by both pronouncements. 

2.1. EITF NO. 02-16 

Issue 1- Cash consda-ation rocavoo by the 
cutiomcr from the v81dor 

Cash consideration received from a vendor, 
presumably, reduces the product and service 
prices offered by the vendor, and therefore, 
should be classified as a reduction in cost of 
sales when recognized on the income statement. 
However, this presumption is overc?me when 
the customer can prove that the consideration 
was: 

(a) "A payment for assets or services 
delivered to the vendor, in which case 
the cash consideration should be 
characterized as revenue ( or other 
income, as appropriate) when 
recognized in the customer's income 
statement;" or 

(b) "A reimbursement of costs incurred by 
the customer to sell the vendor's 
products, in which case the cash 
consideration should be characterized as 
a reduction of that cost when recognized 
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m the customer's income statement" 
(EITF 02-16, Par. 4 ). · 

If the customer receives cash consideration 
from the vendor, for whic h the vendor receives 
an identifiable benefit, then the income should 
be recorded as revenue · on the Cl.lstomers ' 
income statement. In order for a benefit to be 
identifiable; the transaction must one that the 
customer would have entered into with another 
party, besides the vendor, affair value to provide 
the benefit. Any amount paid in excess of fair 
value shoul_d be recognized as a reduction of 
cost of sales on the customers' income statement 

[2]. 
In order for a payment to be accounted for 

as a reimbursement of costs incurred by a 
customer to sell vendor products, the incurred 
costs must be specific, incremental, and 
identifiable. Once those criteria are met, a cash 
consideration from a vendor · should be 

recognized as _a reduction in the cost incurred on 
the customers income statement. Any vendor 
consideration paid in excess of costs incurred 
should be recognized a·s a reduction of cost of 
sales on the customers' income statement (2]. 

f S9.le 2 - Ri:Jates and relunds rocevoo by the 
custorrer from the vendor 

If a vendor offers the customer a rebate or 
refund, and the ·customer has fulfilled the 
stipulations of the rebate or refund, then the 
reimbursement "should be recognized as · a 
reduction of the cost of sales based on a 
systematic and rational allocation of the cash 

consideration offered to each of the underlying 
transactions that results in progress by the. 
customer toward earning the rebate or refund 
provided the amounts are probable and 
reasonably estimable" [2]. 



2.2. EITF NO. 03-10 

Manufacturers often offer sales incentives 

(coupons) directly to customers and end users. 
Through prearranged agreements, resellers will, 
in turn, redeem these manufacturer incentives 
with the promise of reimbursement from the 
manufacturer. In these situations, the Task Force 
determined that EITF No. 02-16 does not apply, 
and therefore, the resellers are not required to 
recognize vendor considerations in exchange for 
vendor incentives as a reduction in the cost of 
inventory purchased from that vendor as long as 
the manufacturer incentives: 

. (a.) Can be tendered by a consumer at any 
reseller in partial ( or full) payment of 
the price charged by the reseller; 

(b.)Are reimbursed at face value to the 

reseller directly by the manufacturer, or 
an authorized agent; 

(c.) Are not influenced by other promotions 

offered through a reseller-manufacturer 
incentive program; 

(d.)"whereby the reseller is subject to an 

agency relationship with the vendor, 
whether expressed or implied, in the 
sales . incentive transaction between the 
vendor and the consumer" [3]. 

3. Conipany Analysis 

To .gain a better understanding of the impact 
that this new guidance has had on companies, 
we are currently analyzing 141 companies, 
indicating adoption of EITF 02-16 in a Business 
Wire release. A summary of company types is 
presented in Table 1. The data show that 
companies affected by this accounting guidance 
are primarily comprised of retailers (62.4 
percent), followed by wholesalers (19.1 percent), 
manufacturers (12.1 percent), and services (6.4 
percent). · 
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Our preliminary analysis of a representative 
sample of 38 these companies indicates the 
following summary impacts of EITF 02-16 
adoption: 

• $1.54 Million is the average amount 
shifted from SG&A to inventory. 

• $49.1 Million is the median amount 
shifted from SG&A to cost of sales. 

• The cumulative reduction in income 
averages $32.5 M. 

• There is an average reduction to diluted 
earnings per share of 15.9 cents. 

• Approximately 5.3% of companies had 
been reporting cooperative advertising 
arrangements as an adjustment to 
interest prior to EITF 02-16 . 

4. I mplicatioosd thisanalysis 

While F ASB' s guidance appears to be a 

good "first step" in curbing reporting 

irregularities and delineating period versus 
product costs for vendor-customer transactions, 
several issues have been exposed by our 
preliminary analysis. 

1. The valuation of available for sale inventory 
will rise with implementation of this guidance. 
This is due to a shifting of period costs to 
product costs. This is a particular important area 
for scrutiny by financial institutions, which place 
significant importance on financial ratios 
incorporating inventory. In addition, with our 
slowing economy, the part of these sales 

incentives that remain in inventory may cause 
increases to very worrisome inventory levels for 
investors. 

2. There will be significant change in other 
financial ratios such as gross profit as a percent 

of sales, as selling, general, and administrative 
expenses are recast as a cost of sales. With these 

. changes come the potential for greater volatility 
and lack of comparability of company reporting, 
despite · the fact that their intra-company 
accounting consistency is maintained. 



. 3. Based on the significant amounts hitting 

income, it appears that there may be continued 

loopholes for vendors and customers to 

restructure agreements based on the "credit" 

consideration mentioned in EITF 02-16. In 
transactions stru.ctured to gain advantageous 

accounting treatment, large consolidated vendors 

with multiple business lines could allow "credit" 

or equivalent cash value goods from another 

business line, regardless of the initial product 
exchange. 

Table 1- Breakdown of Companies by SIC 
code and b t usiness type 

SIC Busness Type Number d 
Canpanies 

2080- Manufacturing: 3 
2086 Beverages 
2670 Manufacturing: Paper 2 

products 
2834 Manufacturing: 2 

Pharmaceuticals 
2911 Manufacturing: 1 

Petroleum products 
3571- Manufacturing: 2 
3579 Computers & Office 

Machines 
3714- Manufacturing: 4 
3851 Specialized 

equipment and parts 
4813 & Telephone 3 
4931 Communications & 

Electric 
Products/Services . . Manufacturing 171 

SUBTOTAL 
5010- Wholesale: Motor 4 
5013 vehicle parts 
5030 & Wholesale: Lumber & 2 
5070 hardware 
5045 Wholesale: 4 

Computer/Software 
5047 Wholesale: Medical 2 

Equipment 
5000, Wholesale: 4 
5063, & Electronics and 
5099 Durable goods 
5110 Wholesale: Paper 2 
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Products 
5122 Wholesale: Drugs 1 
5140& · Wholesale: Grocer 7 

· 5141 
5160 Wholesale: Chemicals I 

Whdesale 27 
SUBTOTAL 

5200- Retail: Building 3 
5211 materials and Lumber 
5311 Retai I: Depar_tment 6 

Stores 
5331 Retail: Variety Stores 8 
5411 Retail: Grocery 12 
5500- .Retail: Auto Parts and 10 

· 55·31 · Gasoline 
5621- Retail: Clothing and 7 
5661 Shoes 
5700- Retail: Furniture and 3 
5712 Home Furnishings 
5731- Retail: Computers & 11 
5735 Electronics 
5810& Retail: Eating place 3 
5812 
5912 Retail: Drug Stores 6 
5940 & Retail: Miscellaneous 8 
5990 Shopping Goods 
5944 Retail: Jewelry 3 
5945 Retail: Hobby & 3 

Games 
5961 Retail: Mail-order 5 

Retail SUBTOTAL BBi 
7011- Services: Hotels, 4 
7380 Advertising and 

Business services 
7500 - Services·: Auto Rental 2 
7510 and Repair 
7830 - Services: Theaters & 3 
7841 Video Rental 

Servias SUBTOTAL 91 
Total 141 I 
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Abstract 

As many companies are faced with 
substantial competition from international 
markets which produce products less 
expensively, the need for process and quality 
improvement is apparent. For companies to· 
succe~sfully compete with international 
compet1t1on, the techniques of Lean 
Manufacturing must become central to the 
culture of the company. 

The question becomes, how does a 
company change its culture? First management 
must become familiar with lean techniques and 
open to new ideas, identifying problems and 
making changes in their own routines. Next, 
lean must be accepted by the manufacturing 
workers. Often this acceptance can be 
facilitated by having the workers perform a 
simple manufacturing or assembly exercise 
which is poorly designed on purpose. Aft.er 
performing the exercise, work~rs can make 
improvements and perform the exercise again. 
~oting the benefits-of the improved exercise, the 
correlations between the poorly designed initial 
exercise and the manufacturing floor should be 
illustrated. Workers can then be involved in the 
process of improvement planning. Not o·nly will 
this increase the likelihood of acceptance, many 
workers have valuable input on waste reduction. 
By creating a culture where lean is for everyone 
and every department, companies will be more 
successful at implementing lean manufacturing 
techniques; 

1. lntroducticn 

In today' s global economy, businesses are 
faced with many challenges. International 
competitors are gaining more control of market 
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shares that in the past were solely controlled by 
national companies [1]. To be able to compete 
effectively in the world market, companies are 
forced to improve efficiency · and production 

. techniques·. To achieve the improved efficiency 
needed for global · competitiveness, many 

- businesses are attempting to adopt lean 
manufacturing techniques. However, companies 
have found implementing lean manufacturing 
very challenging. We believe the basis of this 
problem in American industry is a result of 
attempting to implement the lean system only in 
a small portion of the practices of their business. 

In a climate of diminishing natural resources 
and tight economy, survival of companies will 
require improved processes and lower costs. 
Additionally, growing environmental concern 
puts pressure on companies to implement 
practices-that promote sustainability. Generally, 
practices that support sustainability are seen as 
costlier than previous practices. However, by 
practicing lean manufacturing techniques, 
companies can improve quality and increase 
production while significantly reducing waste 
created by product. manufacturing. Thus, lean 
manufacturing techniques can be used not only 
to increase profits, but also to support 
sustaina,bility. 

Major Points: · 

• Lean manufacturing techniques can . 
support company financial health and 
sustainability. 

• Acceptance of lean manufacturing 
techniques by both management and 
manufacturing floor workers is 
paramount to its successful 
implementation. 

• Small scale exercises are an excellent 



• 

• 

• 

way to facilitate acceptance and teach 
lean manufacturing techniques. 
As small scale exercise is improved, 
new tasks must be added to the exercise 
so that workers do not feel that their 
jobs are threatened by lean 
manufacturing practices. 
Manufacturing floor workers must be 
allowed to provide input for 
improvements. 
Implementing practices that care for the 
employees facilitates interest in 
company health. 

2. Lean backs,-ound 

The Lean Production Movement began in 
post World War II Japan. In the lean 
philosophy, workers are valued and empowered 
[2]. In a lean environment, the entire employee 
base, from top level management to the lowest 
worker on the factory floor, is expected to 
contribute to improvement in the workplace. If 
a worker sees a better way to perform his or her 
job, they are encouraged to suggest that change. 
This mindset takes the best characteristics of 
craft and mass production movements and joins 
them into a seamless flow production line. All 
items are fair game and may be customized. 
Even though the production flow is in a state of 
change, the cost of production is still low, due to 
the elimination of waste (muda) in each of these 
improvements or changes. The focus of lean is 
on continuous improvement. If the company 
·stops striving to improve, the co.mpetition will 
gain a po_rtion of the market share. 

3. Problem 

Before the recent financial crisis, many 
companies in America had become complacent 
about their hold on their market share. The false 
sense of security has been eroded much of the 
very ingenuity these companies were born out 
of. Commitment to process improvement and 
efficiency has been ignored. The perfect 
example of this complacency is the American 
automobile industry. The big three auto makers 
as they were once known (General Motors, Ford, 
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and Chrysler) were the giants of the industry. 
Now a short forty years later they are in need of 
a government bailout. 

Faced suddenly with the urgent need to 
catch up with competitors, managers are seeking 
instant gratification from any cost saving 
program that they put into practice. Many forget 
that the companies' wasteful programs and 
habits did not happen instantly, but rather 
developed over a period of many years. The 
solutions to these problems will require time, 
diligence, and patience. The entire company 
culture must change; Processes must be 
improved, waste must be eliminated. 

4. What is lean manufaduring and 
hON can it help? 

Lean production practices focus on 
eliminating waste in processes. Waste m 
processes can range from excess work in 
progress to finished good inventories [3]. By 
eliminating waste, the time from beginning of 
production to delivery of product is significantly 
shortened. Lean production allows businesses to 
expand capacity by reducing costs and 
shortening cycle times between order and ship 
date. Lean thinking is about prioritizing and 
providing value with each step of production, 
hence eliminating wasteful down times of 
machinery or workers and the need for I 00% 
quality inspection. The main components of 
value are fast delivery, high quality and reduced 
cost. One basic tool of the lean manufacturing 
technique used to pinpoint waste is a value 
stream map. First a current state Value Stream 
Map should be developed to help expose the 
current waste areas. Once this task has been 
accomplished, a future state value stream map 
can be designed. While management must 
initiate these tasks, the vast majority of the 
changes to the production process should come 
from the people actually doing the job. Proper 
use of the value stream map will allow 
companies to create flow through the 
. manufacturing process, reducing the batch or lot 
sizes, and possibly reducing work in process . 
inventories. Companies whose manufacturing 
processes are well-integrated with lean processes 



· have found it possible to eliminate work in 
process inventory altogether in some cases. Lean 
manufacturing also reduces waste by employing 
the product pull technique. Using this 
technique, a company only produces products as 
orders are received from customers. Companies 
must also remember that lean manufacturing is a 
never . ending process of improvement. Even . 
after production areas are moved fro·m a current 
state value map to the future state value map, 
opportunities for improvement must be sought, 
otherwise the slow decline into the previous 
state of waste will occur. Seek perfection by 
continuously improving quality, reducing cyc'le 
time and the elimination of waste.-

4.1 Benefits 

Implementation of lean manufacturing processes 
provides many tangible benefits including 
production cost reduction, and shorter delivery, 
cycle and set-up times. The elimination of waste• 
supports not only cost reduction, but in many 
cases can support sustainability because these 
processes use less electricity, water, and other 
resources that · are costly to the company and 
potentially harmful to the environment. 
Products which do not meet company standards 
are also a · huge source of waste in some 
industries. Since lean manufacturing techniques 
result in an increase in product quality, fewer 
resources are wasted on unacceptable products 
[5]. Additionally, as product quality increases 
and delivery time· decreases, customer ratings, 
satisfaction, and perceptions become more 
favorable. If companies make their increasing · 
customer satisfaction numbers known among the 
workers, a stronger sense of pride in the 
workmanship of the products is often found 
among employees, contributing to greater 
employee involvement and morale. 

5. I ntrodudng lean in the entire 
oompany 

Introducing the lean manufacturing culture 
into the workplace can be challenging, as 
employees often resist change to routine, yet this 
change is important to a company's continued 
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survival and sustainability efforts. - How to 
encourage acceptance of new methods and other 
change within a company culture becomes an 
important topic. After a company decides to 
implement lean into its culture, it must make a 

. commitment to the process for it to succeed. 
First the m·anagement must become familiar 
with techniques of lea·n manufacturing, either 
through onsite company training, an off site 
conference or training class, or a combination of 
the three. Subsequently, these managers must 
present lean manufacturing techniques in a way 
that encourages acceptance by the 
manufactµring floor workers, emphasizing the 
in.crease · in company strength (hence job 
security) and the employee reliance and 
empowerment lean techniques bring to 
production workers. One method of 
introduction that has been used with success 
involves creating a poorly designed, simple 
manufacturing or assembly project for small 
groups of floor workers to complete. After the 
process is completed, employees 'can be asked to 
make suggestions to improve the process before 
running it again. Management should be careful 
to take suggestions in such a way that emphasize 
the input of the workers and also the 
improvements that are made possible because of 
them. Employees can then be involved in the 
improving their ·real production areas, increasing 
the likelihood of acceptance of the changes as 
well as adding valuable input from experience'. 
By creating a culture of acceptance of lean 
manufacturing techniques, companies can· 
improve their support of sustainability while 
benefiting their bottom line. 

Many companies have implemented lean on 
the factory floor with varied degrees of success. 
Even in ventures where introduction of lean onto 
the manufacturing floor was successful, many 
managers of these companies h·ave failed to 
realize that the production floor is but a small · 
percentage of the total company's employees. 
(see figure 1) While the production floor is an 
excellent place to start, companies must 
remember it is just that, a start. All departments 
within a company should be encouraged to 
embrace lean (see figu·re 2). Lean is a 
philosophy that strives for excellence and calls 



for continuous improvement in all phases of a 
company's operations [6]. The company 
improves by the elimination of waste throughout 
the organization. 

Virtually all departments in the vast majority 
of companies have waste of some shape, type, or 
form. Waste in the production line commonly 
comes from excess inventory, excess queue, or 
lag time, or from 100% quality inspection. 
Waste in other areas of the corporation often 
involves inconveniences to the customer. These 
types of problems can range from keeping the 
customer on hold for excessive periods to lack 
of technical knowledge to customer service 
personnel who do not have the authority to make 
decisions to resolve the customers' problems. 
Too many levels of management are common as 
are redundancies between departmental tasks. 
Although much of the waste in areas such as 
human resources, sales or customer service, can 
be identified with a value stream map, managers 
should encourage workers to discuss problems 
or inefficiencies they see in their jobs. These 
types of discussion can be an opportunity for 
improvement in these areas, whether it be a 
communication barrier that should be removed 
or some other barrier that hinders meeting 
customers needs quickly and efficiently. 

6. Improving oompany a.Jlture 

Today's companies have begun to 
recognize that to be constantly innovative, they 
will require energy and enthusiasm from their 
·employees. Innovative ideas not previously seen 
in widespread use are being experimented with 
in these · companies. In an attempt to kee·p 
employees more ·engaged and to decrease 
fatigue,. some factories have begun to implement 
daily exercise periods. Although this might seem 
to oppose lean concepts by introducing free time 
or waste into the working day, research has 
shown that long term employees who have spent 
many years performing repetitive, sedentary and 
often tedious tasks lose physical fitness and 
become mentally complacent. This type of 
complacency does not support the innovation or 
improvement lean requires. Companies 
implementing these ideas often have several 
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three to five minute stretching periods followed 
by about a five minute exercise period. This 
practice is used at least two times a day usually 
just before breaks. Even though twenty minutes 
of production time is lost each day, studies have 
shown that the product output instead of 
decreasing actually increases and the workers 
often feel better about themselves. After these 
changes have been accepted, several companies 
have begun to offer diet and exercise classes on 
the company grounds before and after the 
workers ' shifts. As employees begin to take 
advantage of these lifestyle changes, companies 
often notice higher productivity and a more 
positive work environment. As the employees 
feel more valued and empowered by the 
company, they are more motivated to contribute 
to the well-being of the company. Additionally, 
the extra energy gained from a more mobile 
lifestyle can be put into working on new lean 
techniques. 

7. Summary 

Now armed with an understanding of how 
lean manufacturing techniques can be used to 
support sustainability while increasing company 
production and profits, top management must 
become the catalyst for the empowerment of the 
workers to ensure that the state of the company's 
business will again find and maintain the correct 
course to success. Companies who adopt lean 
will also focus on how to create a company 
culture where employees are valued and lean 
manufacturing techniques are accepted by the 
workforce as a whole. · As employees begin to 
feel the benefits of their improved lifestyle 
habits, companies will benefit from the 
increased productivity of the more energetic and 
engaged employee. 

8. Condusions 

There has to be a top down management 
driven change in the way that American 
companies approach all aspects of the business 
and performance. We are beginning to see that 
if we ignore these problems much longer the 
American manufacturing industry will suffer a 



· very painful demise. Lean manufacturing 
techniques offer businesses much in terms of 
profit increase, cost reduction, sustainability 
support, and employee and customer 
satisfaction. Employees who are engaged, 
looking for opportunities for improvement will 
feel less bored and dissatisfied while at work. 
Customers who receive higher quality products . 
in shorter_ delivery times will be encouraged to 
come back. Business owners will see their 
profits rise, as company culture turns to one of 
efficiency and achievement. Although . some 
businesses experience resistance to the changes 
required by lean manufacturing, taking · a 
concern in the quality of life of employees has 
been found to facilitate lean acceptance as wel~ 
as increase productivity. Lean manufacturing 
offer~ businesses a way to compete with 
efficiency while increase quality in all realms
profit, product, customer and employee 
satisfaction, and sustainability. 
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Figure 1. Distribution of tasks 
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Absrad 

Supply chain management requires information 
technology networks to record and display 
information concerning the physical movement 
of material. In this paper, current organizational 
challenges concerning information technology 
and the supply chain will be addressed. 
Principles will be defined that should guide the 
coordination of both the physical movement and 
the knowledge of such physical movements. The 
result will be a greater understanding of the 
current state-of-the-art in supply chain 
implementation and the steps that should be 
taken to make supply chains more effective. 

I ntrodudioo 

The concept of supply chain was introduced in 
the 1980s. Simply put, it means an integrated 
philosophy concerning the flow of materials 
beginning with raw materials to· the receipt of 
finished product by the customer. The supply 
chain may be viewed as either totally within the 
,firm or on an industry-wide basis. However, in 
today's world, supply chains are becoming more 
industry-focused encompassing suppliers· an~ 
customers. 

While · there can be many organizational 
c~mponents to the supply chain, it is ·probably 
wise to separate the supply chain into three 
major sub-systems: 

1. The SJUrdng of rrata-ia/s-includes all 
purchasing and sourcing decision making 
and the physical movement of raw materials 
and parts into the overall system. This sub
system could also include the . supplier 
networks. 
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2. The trandorrnation pr~includes all 
activities that transform the raw materials 
into finished product including 
manufacturing, logistics, and material 
handling 

3. Physcal ditiribution-moving product from 
its finished state to meeting the demands of 
the customer. This includes warehousing, 
transportation, inventory management, and 
interaction with the customer base. 

Supply chain management is an integrative 
philosophy bringing together the above three 
sub-systems to provide superior customer 
service at minimum cost. 

A great deal of emphasis has been placed on the 
organizational issues associated with the supply 
chain. Historically, departments within an 
organization involved with the supply chain 
made decisions in a sub-optimal manner. For 
example, the transportation department may 
decide to ship finished product from the East 
Coast of the United States to the West Coast via 
the Panama Canal not· worrying whether they 
tied up inventory for two weeks. While 
minimizing transportation cost, the bottom line 
of the firm suffered. Another example of sub
optimization is manufacturing choosing large lot 
sizes to minimize the total costs of 
manufacturing resulting in excess inventory of 
some product and not enough other product to 
meet customer demand [ l]. 

As a result, many organizations have adopted a 
supply chain office or department to cope with 
these conflicting issues and attempt to arrive at 
decisions that meet the overall objective of the 
firm. Such change has not been easy. In some 



firms where either material costs or customer 
service is a strategic objective, supply chain 

· organizations have been introduced. 

While significant attention has been placed on 
the organizational challenges associated with the 
physical flow, a _similar issue arises concerning 
the integration of the information . technology 
associated _ with the supply chain. The focus of 
this paper will be these information technology · 
challenges. The main hypothesis of this paper is 
that unless these challenges are addressed, the 
objectives of superior customer service and 
minimum total cost will not be achieved. 

The a.arrent · stated-the-art a supply 
chain management. 

Today, supply chain management has become 
widely adopted as an important concept for 
firms to embrace. Six stages of organizational 
maturity associated with the term supply chain . 
excellence have been defined [7]: 
1. Business as usual-company is working hard 

to maximize functional entities 
2. Link excellence-elimination of boundaries 

among departments allowing fuctional 
entities to excel 

3. Visibility-bringing to light all links in the 
supply chain 

4. Collaboration-working as a whole along the 
supply chain to max1m1ze customer 
satisfaction while minimizing·cost 

5. Synthesis-sync~ronization of all supply 
chain links to form a whole 

6. Velocity-synthesis while maximizing the 
sp.eed along the supply chain 

It is felt that many of the more sophisticated 
companies have yet to advance past stage two, 
link excellence. Why is this? While many 
organizations have joined the journey, they do 
not fully comprehend what is necessary to 
achieve supply chain excellence. To move 
beyond stage 2, the firm must take deliberate 
steps organizationally to make supply chain 
excellence a dominant strategy of the firm . . 

In most cases link excellence has created a 
compet1t1ve advantage for the companies who 
are able to implement information technology 

I 
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throughout their supply chain. The companies 
that control the chain, such as Dell and Wal
Mart, create a strong influence among- the ir 
supply chain members to adapt to their system 
of business that controls the flow of materials, 
information and money. Their purpose is for 
value creation to the customer and by achieving 
link excellence these companies are able to 
produce. and sell value-added products at the 
lowest possible cost. 

Successful companies who have moved beyond 
stage 2 exhibit some of the following 
characteristics: 

1. Focus on the customer. 
· 2. A capital investment in information 

technology instead of labor which increases 
productivity and lowers costs throughout the 
chain. 

3. The ability to customize information 
technology to meet the supply chain leader's 
needs as noted that about .90% of Wal
Mart's information technology is created in
house. 

4. Providing the tools from the leader's 
information technology for the supply chain 
organizations to create a common platform 
for business transactions such as Wal-Mart 's 
Rdai I Link. . 

5. Sharing information throughout the supply 
chain using a common platform. 

6. Collaboration among supply chain members. 
to work out inconsistencies between 
processes or business functions. 

7. Extended learning curves and excellence in 
execution on the development and effective 
use of the supply chain leader's information 
technology, which makes it difficult for 
competito~s to duplicate. 

Excellence in the above areas wi 11 increase the 
velocity of product through the chain, lower · 
inventories, accelerate cash flow, create a higher 
utilization of equipment, generate more accurate 
forecasts, and result in higher levels of customer 
service. 

Role a infamatioo technology. · 



To achieve supply chain excellence, it is 
necessary to provide the necessary information 
throughout the chain to make timely and 
informed decisions. While it is important to 
address physical flows, it is also critical to have 
the necessary information technology support to 
forecast, schedule, and support such physical 
flows. Without a significant commitmei:it of 
information technology resources across the 
supply chain, it will be difficult for an industry 
or firm to emerge from stage two. Such a 
commitment is expensive but necessary for the 
firm to move beyond link excellence. 

Only a few firms have made such · a 
commitment. As already indicated, an example 
is Wal-Mart. Wal-Mart has been very successful 
in creating an environment where maximizing 
customer satisfaction while minimizing the cost 
of purchased product and inventory levels is the 
dominant goal. To do so, Wal-Mart has used its 
size to source globally and dictates to suppliers 
Wal-Mart's terms but has also created an 
information technology infrastructure to support 
its goals. 

With the use of bar coding, satellite linkages, 
and Wal-Mart's Paail Link an internet tool for 
Wal-Mart suppliers to access point of sales 
information, Wal-Mart is able to speed the 
velocity of product through their supply chain 
and create the opportunity to receive payment 
for product sold before the supplier's accounts 
payable is due. Suppliers with the ability to 
access point of sales data manage inventories in 
the Wal-Mart distribution centers. This 
capability results in lower safety . stock, better 
stocking · decisions and the elimination of 
uncertainty associated with forecast data. 

The result is fewer stockouts, lower overstocks, 
and fewer markdowns due to supply and demand 
issues. This allows Wal-Mart and its suppliers 
to drive costs and inefficiencies out of the 
supply and create value at a lower cost for the 
customer [ 6]. 

Dell is another firm that has clearly moved 
beyond stage 2. Dell ' s strategic thrust in the 
marketplace has been to create a build to order 
environment which results in high levels of 
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customer satisfaction while only having the 
necessary inventory to meet the requirements of 
orders on hand. This strategy has resulted in a 
lean organization and has required high levels of 
integration and visibility. The effective use of 
information technology plays a big role in Dell's 
strategy. Dell's build to order strategy maintains 
that suppliers must stay in constant contact with 
Dell's sales information in order to meet Dell's 
requirement of 2 hours of inventory in the plant 
at one time. This requirement benefits Dell 
because they carry no finished goods inventory, 
little parts and work-in-process inventory. This 
frees up cash and like Wal-Mart, Dell can collect 
payment for their product and hold it before 
paying any accounts payable. 

Dell also has a strong linkage to the consumer as 
a consumer is able to go online to customize a 
product and Dell is able to move potential 
customers to products where there is excessive 
inventory. This helps Dell achieve inventory 
reductions and allows more choices for the 
consumer at low~r prices. 

Dell also removes an intermediary, the retailer, 
from the supply chain with internet based 
ordering and creates a greater cost advantage 
over its competitors. The problem for suppliers 
is that they must maintain adequate inventory in 
the distribution center to manage the complexity 
of the product offering from Dell to the 
consumer and the complexity of Dell's 
manufacturing schedules which require frequent 
deliveries of product to Dell's facilities. Dell's 
competitors such as HP are catching up with 
Dell in supply chain efficiencies as Dell is losing 
market share. In the future we may see Dell as a 
Tier 1 supplier to such retailers as Best Buy, 
Wal-Mart, Target and Office Depot as Dell adds 
new distribution channels. This will put 
increased pressure on Dell to manage their 
supply chain in a cost effective and efficient 
manner [5]. 

Today, the software required to achieve supply 
chain excellence is expensive and often must be 
customized. There is no doubt these costs have 
deterred many firms from going beyond stage 2. 
Whether this issue will continue to be a major 



deterrent will depend on the realization of lower 
software and implementation costs. 

It should also be stressed that some firms have 
spent a great deal on information technology 
without significant returns. · All too often such 
firms have not totally understood the 
information needs associated with the supply 
chain · and have been disappointed with the · 
results. Such organizations have not had a good 
grasp of the information requirements and have 
made poor decisions concerning information 
technology resources. · 

Maximizing the impact c1 infa-mation 
technola;;rf · 

To move beyond link excellence, certain key 
principles must be achieved by the information 
technology system to support the supply chain. 
During this section, these principles will be 
defined and explained. However before defining 
these principles, the definition of a supply chain· 
information system will be provided: 

A s.1pply chain information systEm is the 
s:,ftware, hardware, the managuoont of 
information, and the human procesfing of s.1ch 
information to achieve the maxirrization of 
spefXf along the rupply chain at rri ni rrom cost. 

Most definitions of such an information system 
would not necessarily emphasize the human 
processing of such information. However, not 
including human processing ignores how such 
information is being used. An argument can be 
made that going beyond link excellence will n~t · 
be achieved without significant attention being 
paid to the availability of information and how 
humans within the organization process such 
information. 

The following principles will n·ow be identified 
as critical to moving to excellence in supply 
chain management. 

Principle 1 - The information conc£ming raw 
materials, the manufacturing process, and the 
physcal distribution of prcx:Juct should be visble 
to all docison makers assx:iatoo with the rupply 
chain. 
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The third stage in the organizational maturity 
model beyond l_ink e~cellence is visibility 
meaning that all information in the links of the 
supply chain can be seen by all. Such visibility 
will not occur unless -the information associated 
with the various links is provided to everyone. 
Historically, each functional area such as 
purcha~ing, manufacturing, marketing, and 

· distribution would develop and maintain their 
own information system and would be reluctant 
to share. The_ reason for this reluctance was often 
th~ concern that actions in another functional 
area may harm performance · in the functional 
area generating the information. 

However, this reluctance is contrary to what can 
be construed as supply chain thinking. The goals 
of an organization are best served by making 
optimal decisions across the entire supply chain, 
not just decisions to optimize a particular 
functional area. For example, the manufacturing 
unit . may be best served by h~ving large lot 
sizes. This will result in lower manufacturing 
costs. However, inventory carrying costs and 
customer service will probably suffer. 

To move beyond link excellence and achieve 
high visibility, such information must be 
available to the entire organization. With such 
information the· organization can make better 

· decisions. 

Principle, 2-Tools that allow collaboration are 
i rrportant to achieve s.1pply chain 
coordination and rupe-ior pe-formance 

While visibility is important to achieve, just 
having the information is not enough. The 
organization should take such information and 
be able to coltaborate across functional areas. 

To address issues of visibility and coordination, · 
many firms have decided to institute an 
Enterprise resource Planning (ERP) system such 
as SAP. Advance Supply Chain Planning 
software normally accompanies ERP systems to 
include collaboration with major suppliers. The 
ERP system provides the possib_ility for tighter 
collaboration between departments from the 
procurement process, inbound logistics, 



manufacturing, outbound logistics, and customer 
relationship management [2] [8]. The following 
are possible components of an ERP system. 

1. E-Sourcing, which forms part of advance 
_supply chain planning, is a system that has 
the capability to electronically search for 
international suppliers that may provide 
components and spare parts for a 
manufacturer. Unlike buying retail, 
manufacturers need to find good reliable 
suppliers from Asia, Europe, the US and 
Latin America that will meet quality (ISO 
standards), production volume, low c~st, 
just-in-time schedules, and product 
component life cycle specifications. £
sourcing system allows manufactures to 
create new supply chain partners 
electronically with greater transparency as to 
different suppliers' capabilities to · deliver 
product according to manufacturers specs 
and product life cycle expectations. 

E-sourcing systems also allow 
manufacturers to access thousands or 
millions of supplier catalogs online on a 
single portal. E-sourcing systems follow 
standards for exchanging product 
component schematics (like 3DS for 30 
drawings) and also the standard use of PDF 
files for complete product specifications. 

2. £-Procurement systems, which is different 
from £-sourcing, is a system component 
embedded in ERP systems that allow 
manufacturers to electronicaJ(y link their 
enterprise system to their supplier's system 
for a more automated and scheduled 
procurement of· product components, based 
on · real-time inventory levels and 
replenishment schedule. ERP vendors like 
SAP need to create an application product 
interface (API) so that a manufacturing 
company using their ERP software can 
openly connect their procurement systems 
software to hundreds or thousands of 
suppliers that may be using other types of 
enterprise systems. Here, ERP vendors 
follow certain ways of exchanging product 
data (like EDI or web-based EDI) or certain 
protocols and industry process for B2B e-
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procurement (like Rosettanet.org standards). 

3. An MRP or Materials Resource Planning 
system, which is the core component of ERP 
systems, allows product designers and 
engineers to follow more realistic costing of 
product development and manufacturing. 
For manufacturers to have a profit margin, 
they need to know the exact cost of the 
materials, labor, and capital outlay ( cost of 
new assembly lines) needed for production. 
MRP systems link product development, 
production/manufacturing, and accounting 
and finance management very closely. 

4. Inbound and Outbound Logistics, which are 
important components of a supply chain or 
value chain, also have a separate software 
module in ERP systems. The software 
component for logistics includes automated 
batch delivery schedules, transportation 
logistics and planning ( efficient route 
planning from suppliers' warehouses or to 
customers' _ warehouses), warehouse 
management system in relation to inbound 
and outbound advance delivery planning, 
and manpower requirements and 
transportation capacity needed to meet 
production schedule and customer 
deliveries. E-logistics include order tracking, 
searching, and electronic documentation for 
confirming pick-ups and deliveries. 

Principle 3- W1a1 a physcal action occurs with 
raw materials, in-process inva1tory, or finishm 
goods, the information ooncuning that physcal 
action m.Jti berfXXJrdoo irrmrliatay. 

This principle is possible viewed as somewhat 
simplistic but is often violated within an 
organization. For example let's look at finished 
goods .warehouse operations. The warehouse 
receives a large shipment of finished goods 
product from a vendor or manufacturing plant. 
As the worker unloads the product and places it 
within the warehouse, no information is 
recorded until the entire truck is unloaded and 
product located within the warehouse. 
Hopefully, after finishing, the information as to 
what has been received and where it is within 
the warehouse has been recorded. 



While the product is being received, customer 
orders are being processed and. the · information 
about the receipt of product is possibly unknown 
to order taker. Thi's lack of knowledge could 
result in a backorder situation creating a not-too
happy customer. 

This problem is being addressed through the use· 
of Radio Frequency Identification Device 
(RFID). If the incoming product is properly 
identified, the device can instantaneously record 
the necessary information and the order taker 
would know immediately when the product . is 
received. 

In 2003 , Wal-Mart started requiring their main 
suppliers to begin using radio frequency 
identification tags (RFID). In 2005, Wal-Mart 
required their top 100 suppliers to be in full 
compliance with their RFID specifications and 
requirements [3] , [ 4]. 

RFID uses radio waves to identify products 
through an Electronic Product Code (EPC). 
These tags have several advantages over 
traditional ba:rcode-based Universal Product 
Codes (UPC). While barcode technologies have 
been successful for supply chain management 
over the pa:st several decades, RFID presents 
several benefits over barcode- UPC's. RFID 
does not require a line of sight reading like a 
barcode scanner does for UPC, and therefore 
allows hundreds of tags to be read at- once by an 
_RFID scanner. In short, RFID tags can track 
shipments more efficiently across the entire 
supply chain process and also a product's entire · 
life cycle. 

RFID Tags can also be reused. One of the major 
issues holding back. more companies from · 
implementing RFID is cost. Tags are now priced 
around 10 cents each and this ·does not include 
the cost of the readers, training or updating 
software expected with new technology such as 
RFID. Barcodes are much cheaper at 2 to 3 cents 
each. 

While RFID tag prices continue to drop, it is still 
cheaper for a company to continue to use UPC 
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tags. Some suppliers are still resisting the 
transition from UPC to E.PC codes for RFID. 

RFID has been shown to reduce inventory costs 
and increase speed of product flow because 
RFID could be used to track and store 
information across the supply chain and thus 
help real-time inventory management. RFID 
tracks . automatically without the need for 

· counting or scanning. Real-time information 
flow and recording is seen as a huge asset to 
companies tracking thousands or millions of 
products each day. Due to these benefits, 
companies such as Wal-Mart are interested in 
testing technology · such as RFID for supply 
chain improvements. When producers, 
manufacturers and retailers save some 
percentage of supply chain management costs 
and operations while improving customer 
satisfaction by lessening out-of-inventory 
products and faster delivery of goods, RFID is a 
good investment. 

Conclusioo 

The competitive balance associated with many 
industries is determined by the effectiveness and 
efficiencies of the supply chain. No longer can 
firms just be concerned · about functional 
excellence with.in their · firms. They must focus 1 

on the integration of these functions with respect 
to both the flow of materials and information of 
such flow. The firms must also integrate the 
activities of both suppliers and customers if they 
want .to move toward supply chain excellence. 

Such excellence will not occur unless the supply 
chain puts considerable emphasis on the 
management of the information concerning the 
physical flow. If a physical act occurs within the 
supply chain ·and it is not immediately recorded 
and visible, performance will suffer. In this 
paper three principles associated with· 
information in the supply chain are presented. 
Insuri'ng that both organizational processes and 
information technology systems provide such 
functionality is necessary for supply chain 
excel Jenee. 
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Abstrad 

Radio Frequency Identification (RFID) 
technology utilization in supply chain activities 
has increased due to potential countless 

opportunities in customer responsiveness, 

reducing inventory, and logistical costs. 

Performing processes with RFID in warehouses 
and distribution centers represent a more 

innovative approach to conduct business, which 

creates new benefits for competitiveness. 

Nevertheless, users need to understand RFID 
capabilities an.d limitations to accurately assess 
the impact it can have on their businesses. This 

paper will describe the development of a 

simulation model to represent manual tasks and 
processes in a paper converting company's 
warehouse. A comparative simulation model 

will help determine if the value of RFID will 

enhance efficienc)'. within the facility: 

1. I ntroductia, 

H1e topic of more robust, efficient processes 

in manufacturing companies has gained notable 
importance in recent times, especially for those . 
small and medium sized businesses trying to 

take full advantage of their resources in order to 

compete satisfactorily. This subject becomes 
even more difficult when those companies are 

located at under-developed countries, where the 
introduction of new technologies turns into a 

massive effort for shareholders, senior 

management and involved departments. Keeping 
track of inventory within supply chain 
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·operations is nearly impossible, but RFID 

technology is helping organizations identify and 

track th~ir assets throughout the supply chain 

activities. Managing wireless identification and 
tracking with RFID in · warehouses and 

distribution centers represent a new way to 

conduct businesses, which creates new benefits 

and challenges. Consumers are required to be 

aware of the RFID's capabilities and limitations 

to accurately evaluate the impact it can have on 

their operations. 
Numerous related operations in warehouses 

can be performed at a high efficient time if the 

implementation steps are followed correctly 

when applying the RFIP technology and if the 
observation process is close enough to detect 

failures in the initial stages of the 
implementation. The major goal of this project is 

to obtain the performance measures of identified 

key tasks and processes, mostly manual and 
non-automated in a paper converting company's 

warehouse and compare them with the outcome 

of a warehouse simulation model that will be 

created and developed with RFID capabilities 
and features, •consequently operations with most 

probability of improvement - within the 
warehouse can be identified. 

1.1 Radio-frequency identificatia, (RFI D) 
back~ound 

RFID has been defined as an automatic 

identification method, relying on storing and 

remotely retrieving data using devices called 

RFID tags or transponders. RFID is classified as 



a wireless automatic identification and data 

capture (AIDC) technology [1]. Essentially this 

system is composed of three layers: (i) a Tag 

containing a chip attached to the physical object 

to be identified; (ii) a reader and its antennas that 

allow tags to be interrogated and to respond 

without making contact and (iii) a computer 

equipped with a middleware application that 

manages . the RFID equipment, filters data and 

interacts with enterprise applications [2]. 

An · advantage of RFID technology is that it 

can be used to identify products at item level, it 

can be read with no requirement for line of sight 

and it can operate in harsh environments, where 

dirt, dust and moisture conditions can affect 

other types of Automatic Data Capture Systems, 

such as bar codes and light emitting devices. 

Moreover,. multiple tags can be read 

simultaneously, and tags can also be 

programmed easily. ln addition, tags are capable 

of carrying more information than bar code 

technology, thus enabling RFID to store 

additional information such as location, move 

history, destination, expiration date and 

environmental conditions (temperature, 

moisture, etc.) [3]. 

RFID technology operation starts when tags 

awakened by low cost activators transmit not 

only their unique identification code, but 

location and status information as well. Tag 

signals are picked up by network receivers up to 

100 feet away, thus allowing a sing.le recei~er to 

collect tag data from a number of activation 

points~ Figure 1 (Source: DvX.com) shows an 

RFID technology system deployment. 

Figure 1. RFID technology system 

47 

Proceedings of the 2009 IEMS Conference 

1.2 Canpany back{J'ound 

Paper Products Inc. (PPI, imaginary name to 

protect company's confidentiality), is the 

number one paper-converting company in the 

Dominican market and was founded more than 

fifty years ago. Valve and sewn paper bags for 

cement, flour, animal food, etc, made from Kraft 

paper are its main products. PPI also 

manufactures tissue paper and napkins 

manufactured with tissue paper, and notebooks 

with bond paper as it primary component. All 

three paper types come as paper rolls for ease of 

handling and protection of the material. The 

main operations of its warehouse and production 

plant include the mobilization, storage and 

conversion of hundreds of Kraft, bond and tissue 

paper rolls each month using paper rolls clamps 

as the principal equipment for paper rolls 

transportation. A list of the main inefficiencies 

affecting its operations includes inventory 

inaccuracy, constant stock-outs of raw materials 

that generate lost sales and high inventory cost 

created by overstocks and other related costs, 

due to human errors occurrence when operators 

try to retrieve the data of paper rolls' labels, 

process that is very prone to mistakes. Most 

suppliers of Kraft paper rolls are located in 

Sweden and Czech Republic; Argentina and 

United States host the majority of bond paper 

vendors and Brazil and Venezuela's 

manufacturers provide the totality of tissue 

paper rolls. The delivery lead time period goes 

from two to four months, depending on the type 

of product. Kraft paper sacks and bags represent 

the most profitable business for the company. 

1.3 Similar wcrk 

This project attempts to present ways of 

reducing manipulation in employee information 

and costs in the studied company. Similar 

studies are presented by Folinas and Patrikios 

(2008), who analyze the way RFID is 

implemented, and present in detail a four-phased 

framework as a useful road map for RFID 



· implementation, which they conclude is a 

complicated procedure, but through the right 

planning it offers significant advantages to the 

business [4]. Fosso Wamba et al (2006) focused 

on a three-layer supply chain on warehousing 

activities and emphasized many SCM 

opport_unities es·pecially in terms of business 

process optimization [2]. Fleisch and Tellkamp · 

(2003) presented results of their simulation 

studies that showed that supply chain cost and 

level of out-of-stock can be reduced eliminating 

inventory inaccuracy, even if the level <:>f 

process quality, stolen and non saleable items 

remains unchanged [5]. Lee et al (2004) 
developed a simulation model to study how 

RFID_ can improve supply chain performance by 

modeling the impact of RFID technology in a 

manufacturer-retailer supply chain environment. 

They demonstrated that there are opportunities 

for RFID technology _ to provide significant · 

benefits in a supply chain, well beyond the 

automation oriented advantages such as labor 

savings [6]. Michael and McCathie (2005) 
presented the pros and cons of using RFID in the 

Supply Chain Management (SCM), concluding 

that, however, irrespective of those factors, the 

ultimate aim of RFID in SCM is to see the 

establishment of item-level tracking whith 

should act to revolutionize SCM practices, 

introducing anoth~r level of efficie~cies never 

before seen l7].. Bendavid et al (2006) examined 

the impacts and potential benefits generated by . 
an RFID application in one _ specific_ supply 

chain. Through a detailed investigation of the 

underlying business processes, they demonstrate 

how process optimization can be achieved when 

integrating RFID technology into -information 

systems applications [1 ]. 

2. Methodology 

This project, to assist in the development of 

the simulation model, has followed a three-phase 

methodology that includes an Opportunity 

Seeking, a Scenario Building and Validation and 
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a Scenario Demonstration and Analysis stages. 

During the research, . an Object-Oriented 

Analysis and Design Approach (OOAD), was 

employed, which is a methodology approach 

that is used in iq~ntifying problems and 

proposing solutions for them. This approach has 

been a powerful tool broadly used in.the systems 

engineering and programming arena. 

OOA/D can be subdivided in two phases: the 

Object-oriented analysis (OOA) and the Object

oriented design (OOD) [8]. The OOA phase is 

the examination of a problem by modeling it as a 

grpup of i_nteracting objects. An object is defined 

by its class, data elements and behavior. In the 

presented warehouse system, _ we can define 

paper rolls as class and the processes of 

transporting, inventorying and picking as its 

behaviors. The OOD phase, on the other hand, is 

transforming an object-oriented model into the 

specifications required to crea~e the system. 

Moving from object-oriented analysis to object

oriented design is accomplished by expanding 

the model into more and more detail [9]. OOA 

focuses on what the system does, OOD on how 

the system does it. Figure 2 shows the phases of 

the methodology for this-project. 
PhaH 1: Opportunity 

Sffking 

Phase 3: Scenario D•monstration 
Phase 2: Sc.nario Building and and Analysis 

ll'alidation 

Figure 2. Phases of research 
methodology 



The first step of the Opportunity Seeking 

phase is the determination of the primary 

motivation to adopt RFID, which analyzes the 

reasons to consider the use of RFID technology 

over bar coding, portable scanners, fixed 

scanners and other technologies, to enhance the 

warehouse operations. The following step_ was 

the identification and listing of all current 

warehouse processes and activities related with 

the movement, handling and stocking of raw 

materials, especially paper rolls. It was followed 

by the Identification of the critical activities that 

can be better optimized with RFID technology. 

Those processes were thought to be the most 

significantly improved with the application of 

RFID technology. Factors like time needed to 

perform, grade of difficulty, risk involved and 

others in .the execution of the processes were 

considered. The Analysis and quantification of 

the identified warehouse activities was 

performed in order to understand and quantify 

which can be the benefits of the appli~ation of 

RFID technology. The phase of Scenario 

Building and Validation encompasses the 

Evaluation of RFID technology opportunities 

looking for the estimation of the opportunities 

involved in RFID implementation. 

A High Level System Diagram (Figure 3) 

was developed to show the warehouse and other 

departments of the company involved in the 

management of the paper rolls. 

Figure 3. High Level System Diagram 
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The High-Level System diagram also shows 

inside-warehouse main activities: paper rolls 

movement, storage, inventory taking and shop 

order fulfillment or picking process. Figure 4 

shows a use case diagram of the warehouse 

activities involving paper rolls management. It 
presents a graphical overview of the different 

processes performed by the related actors. 

Related Processes Related Processes \ , 
Production De p't. 

Y~~iid■rn;)+- t 
Qoalit-;Cor.t rcl 

Oep't . 

.:,.."} 

Figure 4. High level system diagram 

Several Use Case descriptions (Figure 5) 

were developed to describe the behavior of the 

warehouse system from an external point of 
view. 

Use case name: Transport Containe r 

Use case ID: UC - 010 

Super Use Case: Purchase Paper 

Actor (s): Container Mgmt. (CM), Warehouse Mgmt. (Vv'M), Purchasing Dep't (PD). 

Brief description: The vendor notifies the container dispatch. After container arrives to port PD pays 
Customs fees and notifies CM, which receives container and transport it to company facilities. After 
place container in ramp, CM notifies WM. 

Preconditions: CustDms documents should have been released. 

Post-conditions: Paper will be unloaded from container. 

Flow of events: 1. Container arrives at port, 

2. PD pays Customs fees and notifies CM, 
3. CM picks container up, 

4. CM delivers container to company facilities. 
Priority: High 

Non-behavioral requirements: Ramp Facility should be abie to accommodate 6 containers at one 
time. 

Assumptions : Containers will be moved within 20 minutes after been unloaded. 

Source: Warehouse Processes Compilation, last update: Ago 06. 

Figure 5. Use case description 

They present all use cases in detail, including 

use case names, IDs, super use cases, use case 

descriptions, pre and post conditions, the flow of 



events, priority, assumptions, etc. to better 

understand the functioning of our system. 

The project continues with the creation of a 

simulation model with integrated RFID 

capabilities, trying to imitate the actual physical 

system in the warehouse. To conclude, a 

comparison of simulation model outcomes with 

obtained ~arehouse performance measures as · 

part of the final phase, Scenario Demonstration 

and Analysis, is going to be executed. This 

phase continues with an evaluation of the 

outputs of the simulation model versus t~e 

performance measures of the warehouse 

processes, trying to present a comparative 

situation between the current activities and the 

expected enhanced processes in the warehous~ 

environment. The project ends with the 

Prediction of benefits of RFID technology 

implementation in identified warehouse 

operations. Several benefits will be projected for · 

the paper-con,verting company if a correct 

implementation of the RFID technology is 

achieved in the warehouse facilities. 

2.1 Simulation model 

Defined as a broad collection of methods and 

applications to mimic the behavior of real 

systems usually on a computer with appropriate 

software (1 0] , Computer Simulation,_ was used 

to represent the .main warehouse processes. 

Since computers and software capabilities set 

new standards every day, simulation has becom·e 

more ,popular and powerful th_an ever: Arena 

10.0-software is used for the simulation of this 

project due to its characteristics of combining 

the ease of use of high-level simulators with the 

flexibility of simulation languages. 

Table 1 presents the elements of the 

simulation -model, including the entities (Kraft, 

tissue and bond paper rolls); the facilities 

(Warehouse, Ramp Area, Production Plant); the 

different parameters considered in the 

construction of the model: distances from ramp 

area to warehouse, warehouse to production 
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plant, observed times for picking process and 

inventory taking and the .main resources of the 

model (paper rolls clamps, operators, RFID tags, 

antennas and middleware). 

Table 1. Elements of simulation 
model 

Parameters Entities I Resources Facilities 
I 

Distance f.rom waret,ouse to_ Tissue , Operators Ramp 
. production plant paper rolls 

Observed tim_es for order RFlD antennas 
picking 

Figure ·6 (Courtesy of Ebersole Dedicated 

Services, Inc., Corbis and Maritime Paper 

Products Ltd.) shows the animation of the 

proposed scenario when the RFID technology is 

deployed at the warehouse facility, including 

paper rolls inventory taking and picking to fulfill 

shop orders, as well as the movement of the 

paper rolls from the ramp area to the warehouse 

facilities ·and from the storage area in warehouse 

to the production plant and vice versa (returns of 

portion of paper rolls not utilized). 

Warehouse facility 

--.. --.. ··---.. ··· R 

~(r )~ ~ Picking Process 

~---.l D 

~<r~? 
RFID w 

Inventory Taking 

'

·:'t 
. ? . 

l~ 
. . ~1'ij ~- ·----

Production Plant 

Figure 6. Animation of proposed scenario 



3. Expected Res.alts 
Initial outputs of the simulation model have 

shown improved processes due to a reduction in 

the processes times and the achievement of more 

strai_ghtforward activities. When analyzed and 

approved, the results of the model will be 

compared to the observed current warehouse 

performance measures. The expected 

enhancement of critical operations will allow the 

prediction · of the possible benefits of the 

implementation of the RFID technology in the 

warehouse · act1v1t1es, especially in paper 

movement, shop order fulfillment and inventory 

taking. Some of those benefits can be listed as: 

Considerable reduction of paper rolls 

safety stock. The improved visibility that RFID 

technology offers will allow reduced excess 

buffer stock points and will improve order 

delivery times. 

Improved productivity in the warehouse 

critical processes, through reduced handling 

expenses. Most of the costs associated with 

labor are a direct result of the time workers 

spend capturing information and verifying the 

accuracy of tasks performed. RFlD readers 

positioned at checkpoints in the workflow will 

perform data capture quickly, without the need 

of time-consuming manual verification steps. 

Enhanced processes through performing 

data capture quickly. RFID will decrease the 

time period of taking inventory from several 

days to _just hours and will · substantially 

minimize the current_ high utilization of 

personnel, equipments and resources for those 
tasks. 

• · Increased sales through reduc~d stock 

outs. As stock accuracy improves, the inventory 

record accurately shows which raw materials are 

actually available and which not, allowing most 

feasible planning schedules, better achievement 

in manufacturing runs and more final products 
ready to be sold. 

Increased storage capacity · of the 

warehouse facility. The actual scenario at PPI 
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dictates that paper rolls, ink totes and other 

critical raw materials should be stocked 

maintaining product labels visible to operators, 

make extremely difficult to take advantages of 

storing capacity of the warehouse facility. That 

won't be necessary when utilizing RFID tags 

embedded into the products. 

Improved cash flow through increased 

inventory turns and improved utilization of 

assets. RFID technology permits an improved 

deployment of managing inventory methods like 

FIFO (First In First Out) and LIFO (Last In Fist 

Out). 

4. Dis:ussioo and oondusioos 

While trying to compete in the dynamic 

market it belongs, PPl deals with a series of 

issues triggered by manual operations and 

ineffective processes in its warehouse that 

include low inventory accuracy, delayed 

manufacturing runs and eventually lost sales due 

to unavailability of raw material, constant stocks 

outs by uncertain inventory records, thousands 

of dollars in overstock and other related 

concerns that are expected to be addressed with 

the outcomes of the simulation model. 

The probable reduction on time to perform 

warehouse processes that should be revealed by 

the comparison of the mentioned outputs of our 

simulation model with the current performance 

measures obtained in the warehouse should help 

us to further evaluate the feasibility of the 

implementation of RFID technology in the PPI's 

warehouse facilities. These outputs are expected 

to help us in the future to perform studies on the 

viability of logistical execution and other _ 

financial analysis to predict the impact of this 

technology implementation. The projected 

outcomes of this project and the results achieved 

and presented by several other researchers in this 

topic have encouraged us to perform deeper 

studies. The published experience of other 

businesses . trying to automate and enhance their 

supply chain activities through RFID technology 



has demonstrated that, if this promising 

technology is properly integrated in a warehouse 

environment similar to the one studied in the 

project, the listed opportunities and benefits 

mentioned m the previous_ section should be 

achieved. 
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Abstract 

A hybrid SVR-GA approach based on support 
vector machines for regression (SVR) and genetic 
algorithms, developed for the estimation of the 
manufacturing cost of a product at its early design 
stage is presented. The different steps of the 
algorithm of the proposed approach are · also 
described, particularly the step involving the 
selection of cost driver parameters using the fuzzy 
curve technique. To demonstrate the performance 
and the potential application of the proposed 
approach, a numerical example is applied, and the 
results obtained are compared with that given by the 
Artificial neural Network (ANN) technique. 

I. I ntroductioo 

In the early stages of the life of a new product 
being considered, cost estimation analyses are used 
to support decisions regarding its design. However, 
at this early stage, the product is not yet completely 
defined, and the conditions and means of its 
production are not fully known. It is therefore 
important that the designer be provided with an 
economical and practical tool to be used in 
estimating manufacturing costs at this stage. Indeed, 
cost estimation is a "visualization" process which 
enables the user to anticipate the final cost of a 
future project or product, without nece.ssarily 
knowing all the parameters and/or conditions 
surrounding its manufacture. 

In this wo_rk, a hybrid approach based on 
Support Vector machines ( SVM) and Genetic 
Algorithms (GA) is developed. The SVM are 
learning machines that can perform binary 
classification (pattern recognition) and real valued 
function . approximation ( regression estimation) 
tasks. This artificial intelligence tool, which is based 
on the theory of statistical learning, was selected for 
its high training and generalization capacity. The 
proposed approach is based on the assumption that 
the design conditions and the attributes of the 
product contribute to its final cost. Since it is 
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difficult to find an explicit relation between such 
conditions and attributes on the one hand, and the 
final cost of the product, on the other, the SVM are 
used to approximate this relation, through their 
training using examples. 

To optimize the configuration of our approach, 
namely the structure which produces the most 
accurate result in terms of error of prediction, the 
GA has been chosen for the SVM hyper-parameters. 

Furthermore, for a given product, the proposed 
system provides the most important design 
parameters or cost drivers using "fuzzy curv€S," 
which are based on the theory of fuzzy logic, to 
produce significant variables in non-linear modeling. 
Thus, the user will be able to know the effect of 
design parameter variations on his cost, and then 
decide on which p~rameters he will use; it will also 
allow an investigation aimed at optimizing the final 
production cost. 

Comparing the proposed approach with other 
approaches, such as the artificial neural networks 
(ANN) approach and its applications, we see that our 
proposed hybrid approach provides better 
performance. 

11. Literature Retiew 

A. Cati Efiimation 

Rev iews of published works enable us, to 
classify the various existing methods under four 
main categories: analytical methods, parametric 
methods, analogical methods and Expert Systems: 

1 Parametric aJEt estimation techniques: 
Parametric methods are largely used during the 
design stage, when the product and its 
manufacturing process have not yet been fully 
established. The technique seeks to establish 
relations between the product features and costs by 
applying mathematical or statistical modeling 
techniques. These methods include the Cost 
Estimation Formula ( CEF) [ 1-2], the regressive 
models [3-4] and the neural networks [5-6] , which 



are only some of the examples included in past 
works. 

2. Analytical cost estimation techniq.ies The 
analytical methods or bottom-up esirrating [7] are 
the oldest and the most traditional of the cost 
esti•mation techniques. They require a good 
knowledge and detailed information on processes, 
and consist in breaking up the manufacturing 
process into subsets of elementary tasks, and then 
evaluation each one's costs. The cost of the system 
is thus the sum of all the elementary cost. Among 
these methods, we have generative · techniques, 
activity-based · costing (ABC) [8], and the feature-

. based modeling [9] 
3 Analogcal cost estimation methods [10] 

This method is based on a comparison between the 
current product and past similar products who~e 
costs are known. The similarity is especially 
required from a functional point of view. In this 
case, we talk of the judgement of experts and 
exploring into • their experiences gained during 
preceding· projects. The effectiveness of this method 
depends mainly on the capacity of the expert to 
identify the differences and the similarities between 
current and former products. 

4 Expert~ The main purpose of these 
systems is to assist estimators in making better 
assessments and decision at different levels of the 
estimation process~ using the stored knowledge of 
experts in the field [ 11]. 

B. SJpport Vroor Machines for Regresson(SVR) 

Support Vector Machines or SVM constitute 
universal function estimators which are based on the 
theory of statistical or artificial training·. Recently, 
the application fie~d has been extended to include 
Ret;;resson problems, meaning that the search for a 
function t(x) = y for all the tram1~g 

points {ex, Y;)L:5 N' It)<;) is the neares possible to 

y; .. 
The SVM regression technique, also called SVR, 

for Support Vector Regression, is based on the idea 
of deducing an estimate g(x] for the true relation 

y= g[x] existing between the observations vector (or 

input vector) · X, · and the output vector, Y. This 
deduction is made from a training set composed of N 

. samples such that: 
1- E is the maximum value of deviations which 

could exist between g(x] and the desired output y; 
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(i= 1, ... N). In other words, we define a tube width t 
around the desired outputs y; inside which all 
predicted values should be present. 

2- The function must be the · smoothest and 
flattest possible [12] 

These two conditions can be obtained by 
_transforming the input space X of dimension d to a 
Pe-d~ription space <I>(x) E mer with a greater 

dimension d'. The purpose of this transformation is 

to smooth the function g[x] and, cons~quently, to 
1 

carry out a l_inear approximation as follows: 

g[x] = a/ .<I>(x)+ b* (1) 

where a/Ex · and b* E·~ 

A~cording to Vapni.k [13], the optimal linear 
function in the Re-des;ription space is the one 
minimizing the following loss function: 

(2) 

Subject to the constraints: 

{
l((w.~(X; ))+ b)- Yi I 

i;;,<;; ~ 0 . 

&+ ; ;· (3) 
· Vi=l , ... , N 

where <;; and <;;. are slack variables introduced for 

the samples _which are not in the c- tube. 
The constant C represents a regularization 

parameter which regulates the compromise between 
the complexity of the model (flatness) and the 
degree of tolerance for the deviation of the samples 
to E. 

Without detailing the mathematical steps (we 
refer readers who .wish to obtain a greater 
understanding of these concepts to the work of 
Smola et al. [ 12]), the optimization problem 
(equation (1)) is returned to a dual form whose 
solution is the estimate of the regression formed as 
follows: 

g[x] = Ia;.K(x;.x)+b' · - (4) 
ie w 

K ( .. ) is called the Ktma function, and represents a 
scalar product in the Re-description space. 

It is quite obvious that the precision of the 
estimate and the performance of these SVR depend 
on the appropriate initializ~tion of the hyper
parameters of the SVR, namely, C, E, kernel function 



K, and . its parameters._ Finding · these o~tim~I 
parameters leading to a high degree of regression 1s 
a crucial task, especially when the user of the 

ession by SVM seeks resu Its that are robust and regr . . . 
smooth, particularly a~ m the case of cost est1mat1on. 
For that reason, in this proposed approach, the 
Genetic Algorithms (GA) have been used as 
optimization algorithms in selecting the hyper
parameters of the SVR 

c. G81<:tic AJgorithrrB (GA) [ 13] 

Genetic algorithms belong to the family of 
evolutionary algorithms ( a subset of metaheuristics ). 
Their goal is to obtain an approached solution, 
within an acceptable time frame, for an optimization 

. problem, when no exact methods exist for s~lvin~ it 
within a reasonable time frame. They are 1terat1ve 
stochastic algorithms operating on a set of coded 
points, from an initial population, and which are 
built . using three · operations resulting from the 
.natural selection and derived from the genetics and 
the mechanisms from natural evolution: The three 
operations are !xioction, cross-over, and m.Jtation. 
The first two are exploration space operators, while 
the last one is responsible for the evolution of the 
population to the optima of a problem. 

D. FUZZfCurves 

When modeling a complex, poorly defined, 
nonlinear problem with hundreds of possible inputs, 
it is better to identify the significant inputs before 
any known nonlinear modeling techniques can be 
applied. In that regard, Lin et al.. [14] propose a 
simple and robust approach for variable 
identification. Their technique, based on fuzzy 
curves, quickly identifies and orders large numbers 
of inputs according to their significance. In this 
work, the fuzzy curves technique is used to jdentify 
the significant parameter in the cost modeling. 

III. Methodology d Prapoeed Approach 

The hybrid approach proposed in this work is 
based on the combination of the SVR and the GA to 
estimate product costs. The GA allows the 
identification of the SVR s optimal hyper-parameters 
(C, E), in a bid to refine the final cost estimation. 

Additionally, our approach al lows the 
determination of the most influential cos-drivers on 
the final cost. This is given a priori by fuzzy curves 
and consolidated a posteriori by the GA ·The tool is 
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based on the historical data of products that have 
technical or geometrical similarities with the new 
product. Figure 1 shows the steps of the proposed 
methodology: 1) Definition of product family, 2) 
Data collection, 3) Most Influential Cost-drivers 
Identification by means of fuzzy curves, 4) Training 
and Testing of the SVR-GA, 5) New product Cost 
estimation. 

Gc..-omctri1.:or ·1·t."ChnologiC<1l 
similarities 

(1) Family 
Product 's ► Produd 

ranj!.e ,1..-fn 'i'nn 

hpcns 

Sample rl!pr~>tllmg 
fami)\'product 

ldcnl1tied 
ParaJlk!lt!fS 

(5) New Product's Cost 
L~ti1nation 

Ne\\ Pnxhll:tS0t.-cifo.:at1ons .,__----~-----

Fig. 1. Global Cost Estimation and most influential 
cost-drivers selection approach 

The SVR-GA Algorithm: 

1. DATASET Distributia,: In this work, the 
distribution between training base and testing base is 
carried out via a k-fold cross-validation. Each of the 
k subsets acted as an independent holdout test set for 
the model trained with the remaining k-1 subsets. 

2. Data Ncrmalization: The data is normalized 
into the [O, 1] range as follows: 

X - Xmin 
X nor,ra/izm X max - X min 

Xnorrrra1izaJ is the cost-driver X normalized value. 
Xmn is the minimum value of the cost driver X 

among all the samples. 
Xrrnx is the maximum value of the cost driver X 
among all the samples. 

(5) 

3. Coclng chrmrmnes and rep-891tation: 
Each chromosome is composed of five (5) genes, as 
illustrated in Figure 2. Each gene represents one of 
the SVR hyper-parameters ( Kernli type, Kerne 
paramfier, Regularization oonstant C, c:-tube width 
and the features SJtai). The binary coding is 
cha:en. 



Kernel 
t}Pe 

Kernel 
parameter 

Reg.Jlarizatiai 
oonstant 

. c 

Fig. 2. Chromosome coding 

Features 
rras< 

N 

4. Genotype-to-Phenotype ooinerson: Snee 
the g«1otype is the bi nary representation of the gene, 
we must convert it on its real value which will be 
considered at the training stage. For the feature 
subset genotype, each bit indicates whether or not 
the corresponding cost driver is selected. 

5. Training and Testing Phases . A prediction 
model defined by 1 SVR machine is represented by 
an individual of the initial population. Thus, the · 
initial population is a set of models of prediction 
whose parameters (kuna function, ka-na pararraa
regularization conEtant C, t:- tube width and the 
subsfi of the cos drivers consda-00') are selocted 
arbitrarily. The prOO!ss is started and the different 
SVR models each fulfil their tasks, namly to learn 
how to draw the regression function between the 
final cost and the various cost drivers of the product 
(training phase) and, thereafter, to predict the cost 
for a new product (testing phase). 

6. Fitness Evaluation: For each chromosome, 
the training database. is used to train the predictor, 
while the test base is used to verify the prediction 
performance. This evaluation is perform~d by the 
fitness function, defined as follows: 

Fitness= nin (MAPE) . . (6) 

The MAPE(MeanAbs:JlutePa-ca1tageError) is 
the performance criteri~n chosen for this work and 
defined as: 

N 

_ IIR-E;I 
MAPE- i-1 N .100% (7) 

where A is the real cost, E; is the estimated cost and N 
is the number of samples of the test dataset. 

Another performance criterion is used in this 

work, and is called the perce1tage of the corroctly 
predicted points, and is defined as follows: 

Nb of p:Jint s Ft such R - E; . I 00% :5; ± 15% 
R 

N 

where N is the test dataset size. 

(8) 
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7. Genetic Operations To e,qjae a brmde · 
solution space, genetic operations (EXioction, cross
over and rrutation) are carriro out from one 
generation to the next. · 

8. Stq, Criterion: When t~e stop criterion is 
satisfied, the process ends.; otherwise, we proceed to 
the next generation. In this work, the process ends 
when the maximum number of generations ( Gmax) is 
reached 

Figure 5 presents the global seven (7) steps of 
_the BIR-GA algorithm. We can see the interactions 
between the steps and the necessary inputs and the 
output found down in each step. 
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Fig. 3. Overall SVR-GA procedure 

IV. Experi~sand ResJlts 

A. NuTrB"ical Application 

I 
I 
I 

To demonstrate the performance of our SVR-GA 
model presented, the numerical example presented 
in the literature in [6] concerning pipe bending has 
been used for the application demonstration and cost 
estimation. The cost estimation in this example is · 
especially an estimate of the process cost. The pipes 
resulting from this folding process are used to 
transfer liquids (water, oil) or gas or to protect 
flexible cables. The cost estimation was done [6] 
. using an ANN approach, combined with a research 
algorithm for the number of neurons of the hidden 
layer. The database includes 36 samples and the 



number of cost drivers or attributes is · 5, as shown in 

Table 1. 
The fuzzy curves have been applied, and the five 

cost drivers are ordered according to their 
significance to the Fit1al Cost, as follows: 1) the 
Number of curves, 2) the Number of operations 
necessary according to the length of the pipes, 3) the 
Dimension of space in which the curves are carried 
out 4) the External diameter of the pipes, and finally 
5) Internal diameter of the pipes. 

Table 1 summarizes the Cost Estimation found 
by our proposed approach (Model I and Model II). 
The results obtained by the ANN approach [6] are 
also presented. 

8. Ditw5.9on 
As shown in Table 1, the proposed hybrid 

approach, the SVR-GA (Models I and II), provides a 
better solution (with MAPE equal to 2488 and 2455 , 
respectively) as compared to the result obtained by 
the ANN (with MAPE equal to 2890). That is about 
15% less error (MAPE), than obtained with the 
ANN technique. Furthermore, we can see clearly in 
Figure 4.d that Model II of the proposed approach 
can furnish the cost estimation with under 15% of 
the relative error (in 77 .8% of the test set versus 
61.1 % for the ANN approach), and it can be 
considered as a good prediction tool [5] for 
manufacturing cost estimation at the design stage. 

TABLE 1 
SVR-GA SVR-GA 

Sarrpe Real aJSts ANN Model I Model I I 
(aJSI (aJSI 
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2890 
61.1% 

22 

2488 2455 
69.9% 71.7% 

25 pants 28 pants 

Generally, we can say that the proposed 
approach is higher performing in terms of the 
solution convergence (Figure 4.a) and the precision 
of the results when we compare it with the ANN, as 
shown in Table 1. · 

3200 
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/' 
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2500 
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Fig. 4a. Convergence of the MAPE during 50 
iterations 
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Fig. 4b · :The different cost estimation approach 
results VS. real costs 
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V. Coodusioo 

The advantage of this approach is that it 
provides designers with a decision-making aid wh·ich 
is flexible and able to estimate the manufacturing 
costs of a product even before it has been fully 
defined, and its manufacture conditions of are still 
not known. The proposed approach gives very 
satisfactory results, particularly when we compare it 
with the ANN approach. Besides its originality, our 
approach is universal in nature, and it can be able to 
be applied to fields other than the estimation of the 
costs of products being manufactured. Finally, we 
can affirm that the approach proposed in this paper 
could be regarded as a further step ahead in the field 
of the cost estimation research, and should be an 
economical and practical tool for engineering 
designers to be used in estimating the manufacturing 
cost of a product at its design stage. · 
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Abstract 

Neuropathy is the loss of feeling in feet and/or 

legs due to nerve damage, which many diabetic 

patients experience. Neuropathy often leads to 

pressure sores or ulcers on the underside of the 

feet due to lacking of sensation; if left untreated, 

these sores and/or ulcers may result in 

amputations. Prevention or treatment of wounds 

may be achieved by reducing any substantial 

load at the. base of the feet where ulcers typically 

develop. Gait Analysis Program of Advanced 

Mechanical Testing Inc. (AMTI), Bioanalysis 

Software, and F-Scan were used to conduct this 

study. Six pairs of foam-like insol_es were 

manipulated to test a male with a history of 

diabetes and peripheral neuropathy for changes 

in forces and pressures when compared to his 

normal gait. Heel strike and toe-off forces in 

both left and right feet were less when the 

orthotic devices we~e employed than when they 

were not used. Plantar forces portrayed a 

gradual decrease in magnitude at the 

interphalangeal joints when the off-loading 

orthotics ~ere applied. Heel strike and toe-off 

were very prominent in the patient's normal gait: 

Added correctional footwear devices yielded a 

smoothet graphical display of the shift from heel 

strike to toe-off. The change in angles had no 

significant effect on vertical forces in this study. 

Ultimately, this prevention/treatment method 

would reduce the development and the number 

of sores, thus decreasing the chance of infection 

and amputation. More research should be 

conducted, and more patients are needed to 
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acquire an adequate sample size for a more 

extensive study. 

1. I ntroductioo 

Many diabetes mellitus (OM) patients wear 

therapeutic footwear to combat diabetic ulcers, 

but as the ulcers develop, amputations may be 

required [1,2]. OM is the leading cause of lower 

extremity amputations. The ulcerations stem 

from peripheral neuropathy lack of sensation at 

the foot sole. In most cases, treatment using the 

proper therapeutic footwear can prevent tissue 

breakdown and ~dequately protect skin tissue 

from high pressure and shear forces [3]. 

A few common approaches to therapeutic 

footwear development for OM patients include 

various orthotic devices: total contact inserts 

(TCI), partial contact inserts (PCI), insert plugs, 

rocker-bottom soles, etc. A recent study was 

conducted to test the efficacy of custom-made 

shoes to prevent diabetes foot ulcerations by 

applying various thick multi-layered TCI's 

ranging from 25 to 40 millimeters to the foot. 

The results report re-ulceration and minor foot 

amputations. The study proved that added layers 

of support does not necessarily function as an 

off-loading device, but rather enhance the 

pressure distribution at the plantar surface; thus, 

pressure still remains. Another method used to 

reduce plantar pressures in diabetics involves the 

insertion of soft cylindrical plugs into the 

regions of high pressure within TCI's [ 4,5,6]. 

Actis et al. (2008) reveal that their design 

provides a greater degree of flexibility. Although 

Actis et al. change the material source at the 



pr_essure regions, the total contact of the insert 

still remains and allows for overall increase in 

pressure on the foot. 

The objective of this study was to determine 

the effectiveness of off-loading diabetic plantar 

ulcers using PCI orthotic devices. Thus, an 

analysis of the gait of a neuropathic diabetic 

patient with previous plantar lesions was 

perfor~ed. _ We hypothesized that a PCI with 

cropped cylindrical holes ranging from l" to 1 
and 7 /8" in diameters at high plantar pressure 

points (PPP) at the great toe and interphalangeal 

joint would reduce these PPP in comparison t~ 
TCI's. 

2. M aterialsand methods 

In order to determine the effects of a PCI off

loading orthotic device, a gait analysis was 

conducted on a neuropathic DM patient in the 

Gait Analysis Lab of Mercer University's 

School of Engineering. The devices used for this 

study were the following: an AMTI Force 

Platform to detect and measure static and 

dynamic force distribution under the feet while 

walking or running; AMTI' s Bioanalysis 

Software to create charts that illustrate the 

magnitude of the forces involved in a single gait 

cycle; and an F-Scan, which is a system that 

provides the dynamic and/or static plantar 

pressure and/or force distribution mea~urements 
for gait analysis. 

2.1 Pra:otype inmes 

A set of six prototype insoles was constructed 

to fit a male volunteer with a history of diabetes, 

peripheral neuropathy, high cholesterol, and 

heart stents (58 years old, 290 lb, 49 years of 

OM). First, the subject's foot bottoms were 

photographed alongside a ruler to determine the 

location of the visible plantar ulcers/calluses. 

Generic TCI insoles of closely related foam-like 

materials ranging from _0.250 to 0.375 inches in 

thickness were made to fit both right and left 

feet of the subject. A compass and ruler were 
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used to outline the circular areas of interest for 

PPP upon each insole. A standard l" hole was 

cut at the great toe for each insert; holes at the 

interphalarigeal joint were cut at the following 

diameters: 1 3/8", 1 1/2", 1 7 /16" (for the left 

foot) and 1 3/4", 1 7 /8~,', 1 13/16" (for the right 

foot). The holes were cut out using utility 

knives at similar locations to those_ shown in 

Figure 1 for all six sets of insoles. 

Two pairs of each different insole set were 

initially cut out at 90 degrees. One pair was left 

cut at a right angle of 90 degrees, while the other 

was further cut at 45 degrees · as displayed in 

Figure 2. 

. 2.2 PresE1Jre testing 

Plantar pressures and forces were recorded in 

2-0 and ·3-D during walking in normal 

conditions and in all six insole prototypes using 

the F-Scan technology. The best-fit F-Scan 

pressure sensor was selected to . fit inside the 

subject's shoes, and then it was seated in the 

footwear between the insole and the plantar foot. 

There were no modifications made to the 

subject's socks or shoes worn for daily 

activities. Three-D movies were recorded for 

each footwear c~ndition, · and the peak pressure 

for selected areas during toe-off was analyzed 

for both normal conditions and all six insole 

prototypes. Also, movie peaks were used to · 

develop composite frames of PPP during the 

patient's gait cycle in 400 frames. All collected 

data was compared and contrasted to the normal 

gait to determine the most effective footwear 

condition by the lowest PPP and peak forces . 
during the pati~nt's typical gait. 

2.3 Famtesting 

Plantar forces and moments were recorded in 

the x, y, and z directions of the AMTI Force 

Platform as shown in Figure 3. The gait analysis 

that was conducted throughout this study · was 

performed three times for each footwear 

condition. The force plate was calibrated 



according to manufacturer guidelines and 

standard techniques. The data was recorded 

during walking for normal conditions and in al I 
six insole prototypes across a straight pathway 

with the force plate hidden underneath to 

promote natural gait tendencies. All data 

collected by the plate were sent to AMTI's 

Bioanalysis Software for graphical interpretation 

of the subject's gait cycle. Results were 

compared and contrasted from the footwear 

conditions to the normal conditions to determine 

the lowest plantar forces experienced by the 

subject during gait analysis. 

3. Res.lltsand dis:ussioo 

3.1 Gait analyss 

Three gait tests were run for each foot with 

no inserts added, and the peak forces in the z 

plane for the patient's normal gait may be seen 

in Table I. 
After the inserts were added, heel strike and 

toe off created the same magnitude for all cases. 

Three trials were run for each insert of each foot, 

and averages were taken for every set. The 

averages of the peaks for each group of data may 

be seen in Tables 2 and 3. 

According to our results, the off-load 

mechanism decreased forces in t.he z plane by 

9.5% for the left foot and by 11 % for the right 

foot. The 1 3/8" inserts (both 90° and 45°) for 

the left foot resulted in the least amount of force, 

and the 1 13/ 16" and 1 7 /8" (90° cuts) inserts for 

the right foot lowered the load the most. 

A graph of the vertical forces for the left foot 

without _orthotics may be seen in Figure 4, and 

the average Fz for three trials with the insert 

added is shown in Figure 5. 

3.2 F-Scan analyss 

Values of the maximum plantar force 

detected by the F-Scan sensor may be seen in 
Table 4. 
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F-Scan movie peak force analysis snapshots 

for both pre- and post-orthotic insertion may be 

seen in Figures 6 and 7. 

3.3 Total analyss 

Because the patient studied was neuropathic, 

the loss of sensation in his feet and lower legs 

instigated an irregular gait. Specifically, his 

normal steps involved a very large force at heel 

strike and an immediate shift in weight to the 

toe-off stage of the gait cycle. The patient has a 

history of ulcers and lesions on his right foot on 

the base of his great toe· and on the underside of 

where his first medial metatarsal and phalange 

Jom. His body therefore compensates by 

bearing the majority of his weight on his heels. 

Normal gait results (in-shoe without orthotic) 

were analyzed by "eyeballing" the graphs for the 

various parameters. The normal graph seen in 

Figure 3 displays the sharp peaks of heel strike 

and toe off, and the illustration of the patient's 

gait with the inserts included is shown in Figure 

4. When we added the correctional footwear 

devices, the graphs displaying the patient's force 

distribution over time were much more smooth. 

This implies that a better transition from heel 

strike to toe-off occurred. 

Although Fz was drastically lessened by 

using the off-load devices, the size of Fz 

continued to decrease as the hole grew smaller 

for the left shoe insert. However, for the right 

insert, the least amount of vertical force was 

apparent for the largest.: and middle-sized holes 

(1 13/16" and 1 7/8", respectively). Therefore, 

based on our data, the ideal hole sizes to reduce 

loading for the ball of the foot are 1 and 3/8" 

( 45° or 90°) for the left foot, and 1 and 13/16" or _ 

1 and 7 /8" (both 90°) for the right foot. 

The angled edges of the cutouts in the inserts 

were expected to minimize the forces for the 

less-steep, 45° sides. However, for the most part 

we saw no change in the recorded forces for the 

90° and 45° angles. In fact, in the three cases 

the forces for the 90° and 45° holes differed, Fz 



f<?r the 45° holes was actually slightly greater 

-than Fz for the 90° holes. Based on this 

knowledge we can conclude that only 

compression forces make a significant 

contribution to changes in force. Although the 

width of the hole matters, . the angle can be 

disregarded. Please refer to Tables 1, 2, and 3 

for further inspection. 

Moments (analyzed using AMTI' s Force 

Platform · and Bioanalysis Software) were 

decreased in almost every case with inserts 

added due to the reduction of vertical forces. 

Assuming the patient placed his feet virtually the 

same distance away from the axis of origin 

during each trial, the magnitude of the vertical 

force would account for the only variable. · 

Averages for three trials for each insert on each 

foot were taken. Mz data were almost non

existent and so were excluded from this study. 

4. Cooclusoos 

Neuropathic patients who suffer from 

diabetes mellitus develop severe ulcers on their 

plantar foot bottoms, which may result in 

infections that lead to amputations. .In order to 

counter this process, patients are advised to take 

precautionary · measures to relieve pressure in 

these senseless areas. A common method used 

to reduce orthotic complications is to off-load 

the pressure and forces. In this study, we tested 

the efficacy of PT~ on a diabetic neuropathic 

subject. Results indicated that vertical forces 

were more prominent at heel strike in the normal 

gait as opposed to the gait with therapeutic 

footwear. Using our biomechan1cal devices, we 

were able to see the differences between these 

two gaits in two- and three-dimensions. Overall, 

our hypothesis was consistent with our findings, 

and vertical forces were indeed reduced by 

means of TCI off-loading mechanisms. 
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5. Further recanmendatioos 

The following points outline · some 
. recommendations t~at would improve this study 
if repeated: 

• Sharper instruments for cutting insole 

materials 

• Determine the sensitivity of the F-Scan 

device by establishing the best 

frequency (Hz) settings 

• Prepare a set distance for the subject to 

walk across at a p~eferred yet consistent 

speed 

• Redo trials in which the walking speeds 

differ significantly between insole 

prototypes 

• Take normal condition pressure 

measurements with the F-Scan using the 

TCI to compare to the PCI 

• Obtain a larger test group size (analyze 

more patients) 

6. Figures and tables 

~ 

Figure 1. I ns:>le • with art holes. ( 1) a.atout 
made at ~eat toe ( same sze in e1esy inSlle); 

(2) artout made at 90° at intesphalangeal 
jant (szevarieswith f<x1 and inmeset 

number); (3) artout made at 45° at 
i ntesphalangeal j ant. 

[-===-===--====-] '2----====-_ -==-==---7 
(a) (b) 

Figure 2. Cutout Holesfa PCI. (a) 90° hole. 
(b) 45° hole was art out usng a utility knife at 

an angle. 
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Table 1. Fz for the patient's normal gait. 

Left foc1 (lbs) Ri~t foot (lbs) 
Toe Hoo !:trike 

Toe Hoo srike 
off off 

280 295 305 285 

290 290 305 280 

295 285 305 285 

Table 2: Left foot Fz with af-load inserts 
Sized Hole Left foot (lbs) 

1 and 7/16" 45° 261.9081 

1 and 7/16" 90° 261.8287 

1 and 1/2" 45° 261.8287 

1 and 112" 90° 261.8287 

1 and 318" 45° 261.7758 

1 and 318" 90° 261.7758 

Table 3. _Fz with at-load insertsfa the ri~t 
foot. 

Sized Hole Ri~t foc1 (lbs) 
1 and i3116'; 45° 262.0934 
1 and 13116" 90° 261.7758 

l and 718" 45° 261.8817 
1 and 718" 90° 261.7758 
1 and 314" 45° 261.8287 
1 and 314" 90° 261.8287 
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15 

Trne ,,ec) 

Fi~re4. Namal left foc1 Fz vs time(third 
trial); Max: -290 lbs 

1 7/16" 90° Hole for the Left Foot 

300 

250 

_ 200 
1/) 
.c 
:. 150 
N 

LL 
100 

50 

0 

0 0~ 0 .4 0~ 0.8 

Time(s) 

Fi~re 5. Left foot with insert Fz vs time 
(averaged threetrial~; Max: 261.7758 lbs 

Table 4. Locatioosand correepooding 
mag,itudesd Plantar Pressure Points(PPP) 

Locatioo d Plantar 
Pressure Point ( PPP) 

lnSJle 
Angled 

Great 
I nterphalan9:!8 

Set Toe 
No. 

/Nd 
(lbs) 

I Joint (lbs) 

NIA NIA 51.5 226.0 

Not 64.4 128.8 

2 Not 78.0 192.9 

3 Not 74.9 179.9 

1 Angled 77.0 166.8 

2 Angled 64.4 176.6 

3 Angled 86.9 174.3 



Figure 6. M cwie peak fac:2 analysis fa ri~t 
foot narnal conditioos Max at 
interphalangeal joint: 226.0 lbs 

Figure 7. Movie peak fae2analyssfa inSlle 
set number 1 with a 90° a.rt. Max at · 

'interphalangeal joint: 128.8 lbs-

Ackno,vledgements 

We would like to thank Hanger Prosthetics 

for donating total contact inserts and a foam 

impression box. We are also very grateful for 

Dr. Craig Anderson for volunteering his time for 

testing, and we thank Dr. Edward O'Brien for 

the referral of Dr. Anderson. 

Proceedings of the 2009 IEMS Conference 

References 

(1] M. Levin, Foot lesions in Patients with 
Diabetes Mellitus, Endocrinology & Metabolism 
Clinics ofNorth America, Volume 25, Issue 2, 
Pages 447-462. 

[2] Cynthia L Bartus and David J. Margolis, 
Reducing the incidence of foot ulceration and 
amputation in diabetes, volume 4, number 6, 
November 2004 . 

. [3] D.G. Armstrong, L.A. Lavery, "Diabetic 
foot ulcers: prevention, diagnosis, and 
classification." American Faniily Physician. 
March 15, i998. 

[4] D. Zou, et al, "Effect of p~ak pressure and 
pressure gradient on subsurface shear stresses in 
the neuropa.thic foot," Journal of Biomechanics 

, 2007, pp. 883-890. 

64 

(5] J.D. Coffman, F.W. Logerfo, "Vascular and 
microvascular disease of the foot in diabetes. 
Implications for foot care," New England 
Journal ofMe9icine, 1984, pp. 1615-1619. 

[6] Pecoraro, RE; Reiber, GE; Burgess, EM; 
"Pathways to diabetic limb amputation. Basis 
for prevention." Diabetes Care, 1990; 13: 513-
521. 

[7] R.L. Actis, et al, "Multi-plug insole design 
to reduce peak plantar pressure on the diabetic 
foot during walking," Medical and Biological 
Engineering and Computing, Vol. 46, No. 4, 
April 2008. 



Proceedings of the 2009 !EMS Conference 

1 ntqatioo -Oefinitia, fa a Genetic Algorithm Groop Technology Model 

Khaled S. El-Kilany 
Arab Acadany for !:£iooce and T ochnology, Egypt 

kki I any@aast.rou 

Absract 

Integration definition for function 
modeling or simply IDEFO is one of the 
IDEF techniques that is used for functional or 
activity modeling of a wide variety of 
systems.- Using a hierarchical approach, 
IDEFO decomposes a basic, single-activity 
process into its constituent activities and to 
whatever level of detail appropriate for the 
purposes at ·hand. The single-activity or 
'function' being analyzed using IDEFO in 
this paper is the development of a genetic 
algorithm (GA) model for solving the group 

. technology (GT) problem. The GA model 
under study is subdivided into two main 
sections. The interaction within and between 
the activities of these two distinct, yet 

· integrated, sections of the GA model has 
motivated the use of IDEFO to help in 
describing exactly the model development 
process. The paper presents the complete 
structure of the developed IDEFO and clearly 
shows that it is well suited for describing the 
different activities involved in the building 
the group technology model. · 

1. I ntroduction 

The Integrated Computer Aided 
Manufacturing (ICAM) program of the ·u.s .. 
Air Force identified the need for better 
analysis and communicf1tion techniques for 
people inv.olved in improving manufacturing 
productivity and had developed a series of 
techniques known as the IDEF (ICAM 
DEFinition) techniques. These techniques 
have been developed to describe, specify, and 
model manufacturing systems in a structured 
graphical form to supply a powerful means of 
analysis and development of systems [ 1]. The 
IDEFO modeling methodology belongs to the 
IDEF family and is the interest of this work. 
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IDEFO is used to produce a function 
model which is a structured representation of 
functions, activities or processes within a 
modeled system or a subject area. IDEFO 
models support effective organization of 
system analysis and communication between 
the analyst and the customer [2]. 

The IDEFO is used here to analyze the 
different activities involved in developing a 
genetic algorithm (GA) model for solving the 
group technology (GT) problem. An 
introduction to the IDEFO function modeling 
method and to group technology is first 
presented. Then the basic model is 
introduced followed by a detailed description 
of the different activities considered by the 
IDEFO. Finally, the conclusions of this work 
are presented. 

2. The I DEFO approach 

IDEFO includes both a definition of a 
graphical modeling language and a 
description of a comprehensive methodology 
for developing models. Applying IDEFO to a 
system results in a model that consists of a 
hierarchical series of diagrams, text, and 
glossary cross-referenced to each other. The 
two primary modeling components are: 
• Functions (represented by boxes). 
• Data and objects that inter-relate those 

functions (represented by arrows). 
The box/arrow relationship is shown in 

Figure . 1. Inputs are transformed by a 
function to produce outputs, outputs are the 
data or objects produced by this function, 
controls specify the conditions required for 
the function to produce correct outputs, and 
mechanisms identify some of the means that 
support the execution of that function. 



Control 

Input -
Function Name ---- --~ Output 

Mechanism 

Figure 1. Box/arro,v relatiaunip 

2.1 Remrdl areas 

Two distinct areas of research · related to 
IDEFO · can be easily identified from 
1 iterature. These are: 
■ Developing, improving, and enhancing 

IDEFO as a modeling tool. 
■ Using IDEFO to model different systems. · 

The first area includes, but not limited to, 
generation of IDEFO models using -a . 
knowledge-based approach [3], combining 
IDEFO with UML modeling approaches [4], 
and enhancing IDEFO as a tool for activity 
modeling [5]. 

Some of the work published in the second 
area includes using IDEFO to model a fault 
diagnosis system [6], developing an IDEFO 
model for measurement planning of a work 
piece [7], using IDEFO to map the c~re 
processes with in a hospital [8], and usmg 
IDEFO to represent the development of a 
production planning model [9]. 

3. Group technology 

Gallagher and Knight [ 1 O] defined group 
technology (GT) as a manufacturing 
philosophy; where, the basic concept is 
relatively simple: identify and bring together 
related or similar parts and processes, to take 
adv,antage of the similarities that exist during 
all stages of design and manufacture. · 

The biggest obstacle in changing over to 
group technology from a traditional 
production shop is the problem of grouping 
parts into part families and machines into 
machine cells. 

There are many approaches to this 
problem that are divided into two categories; 
classical and the modern approaches [ I 1 ]. 

The genetic algorithm (GA) approach is 
one of the modem approaches to solve the 
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group technology problem and is the 
approach selected for the model under study. 

3.1 Prqxad GA~ dEm'iptia, and 
mechanisns 

To solve the GT problem, a two steps 
procedure is used [ 12]. The first step is to 
select the best machine(s) for each p~rt. The 
second step is to group the machines and 
parts into different number of sets (groups). 

Two · genetic algorithm models are 
developed for each step using Microsoft 

· Excel and GeneHunter program, release 2.4, 
dev~loped by Ward Systems Group Inc. 

4. M oclel basic idea 

IDEFO is used here to describe the 
different functions performed by a model 
developer fo develop the group technology 
model presented in the previous section, and 
to whatever detail needed for each function. 

Node A-0 is the top-level conte.xt diagram 
(Figu~e 2), which is comprised of the single 
main function bein modeled usin IDEFO. 

~-~J---r,-1.Y.-.,,..,_,,....,, 

Figure 2. Node A-0; Sllve the 9'00P 
technology problem using GA. 

This function is from a model developer 
or system analyst viewpoint and is concerned 
with solving the group technology problem; 
specifically, forming part famtlies and 
machine cells by grouping parts and 
machin_es based on the specified parts 
features and machines specifications. 

A genetic algorithm approach is used to 
group the parts and machines while satisfying 
a set of functional constraints. The top-level 
context diagram also states the purpose of 



dev.eloping the ·IDEFO model, which is to 
facilitate the development of a GA model for 
solving the group, technology problem. 

The AO Diagram, shown in Figure 3, is 
the decomposition of the main function being 
modeled A-0). 

F..ans -=.; 
···~ ··· 

Figure 3. Model Basic Idea. 

This function starts by defining the parts 
design and manufacturing attributes, which 
are the parts' required features, and defining 
the specifications of the different machines, 
which are the machines capabilities. 

Machines and parts specifications defined 
by the user are the inputs for step one. Step 
one output is the machines required for each 
part and is represented as an Un-clustered 
part-machine matrix. 

This un-clustered part-machine matrix is 
now step two input. Step two clusters this 
matrix and based on the formed clusters, 
machine cells and part families are identified, 
which is step two output. 

5. Step one: identify machines 
nemed to praESS parts 

Step one in solving the group technology 
model (Node A2 shown in Figure 4) starts by 
developing a mathematical model to define 
the decisio·n variables, functional constraints, 
and objective function. 
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Figure 4. Node A2 - indentify machines 
needed to pr<>a:s parts 

The developed mat_hematical model is 
translated into a computer recognizable 
format using MS Excel; GeneHunter's 
different parameters are then defined, and the 
implemented model is solved by GeneHunter 
to optimize the fitness function value. 

Validation of results is carried out in order 
to make sure that the results produced from 
the model are correct and optimum; thus, the 
un-clustered part-machine matrix is produced 
only if the results are validated (as indicated 
by the "Valid Results" constraint applied to 
the "Solve Model" function). 

5.1 Mathematical model develqxnent 

Step one of the problem is to assign the 
most suitable machine(s) that are needed to 
satisfy the production requirements of each 
part and is represented by Node A21 shown 
in Fi ure 5. 

........... ttiJ -~~-=. 

Figure 5. Node A21 - develop 
mathematical model. 

Inputs to step one model are the parts and 
machines specifications. The decision 
variables in this case represent all possible 



part-machine combinations, pair-wise 
comparisons, to determine the assignment of 
machines to parts. 

The objective function defined for this 
model is the maximization of the overall 
"suitability index" resulting form the part
machine assignments. 

Functional constraints are applied to 
ensure that all ·production requirements for all 
parts are assigned a machine that -is capable 
to satisfy these requirements. 

5.2 Translate model 

The "Translate Model" function, shown ii:i 
Figure 6, describes the implementation of the 
mathematical model in MS Excel. 

' Jltl
0

AU: 

Figure6. Trandate Model. 

Given t_he availability of data; the part and 
machine parameters listed in Table 1 are used 
to define the parameters tables. 

Table 1. Part and machine 
R 

2 
3 
4 
5 . 
6 
7 
8 
9 Tolerance Max. tolerance 
IO Surface Finish Max. Surface Finish 

Changing cells are then defined based on 
the decision variables, whi_ch are the part 
number · and machine number. Features of a 
specific part number and capabilities of a 
specific machine nl,lmber are then extracted 
from the parameters table based on the 
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changing cells value using the VLOOKUP 
function of MS Excel. 

If any of the data extracted has violated a 
functional . constrai_nt, then penalties are 

_ calculated and significantly decrease the 
value of the overall suitability. Suitability 
index is then calculated based on the pair
wise comparison of part features and 
machine capabilities of each part number and 
machine. number. The overall suitability 
percentag_e is the average of all the pair-wise 
comparisons' suitability ·index and should be 
maximized. 

Finally, verification of all the formulae 
defined in Excel is carried out before · the 
.overall suitability value is generated. 

. 5.3 Define Genetfllll:a- parameta-s 

To solve the model a number of 
parameters · have to be defined for the 
GeneH unter these are shown in the 
GeneHunter's main interface (Fi ure 7). 

' \~Sl•_l$SO __ ~ (!) Max 

· f Ad,iust,»le cell$ {ctlft.rnosomcs} : 

, [~-~ .:Sf1~]9,,$0,!_~~~ $?9 ~ [ AutoQetect j L ~~-] 
· 1:hrCfl'IO'SOO,e ttpe;· 

0 1' [ s~~s;J 

I. ! g_~setA.~ 1 

,c.~ H7 [ch~": ] l~~let: J ~ 

Figure 7. GeneHunter's main interface. 

The different activities that are done to 
define these parameters are modeled in node 
A23 shown in Figure 8. The overall 
suitability cell is defined as the fitness 
function; wher:e, the maximum value of this 
cell is searched for. 

Selection of chromosomes is based on the 
changing cells defined previously. There are 
two main chromosomes in this model these 
are the parts number chromosome and the 
machines number chromosome. 

The chromosome type is selected to be 
enumerated (assumes only integer values) 
and repeating genes; meaning that a part can 



be processed by ·more than one machine, and 
a machine can be assigned more than one 

····- ~~~ 

Fi{JJreS. DefineGeneHunter parameters 

There are two main constraints in that 
case, these are: 
• The sum of parts that appeared in the pair

wise comparisons must be equal to the 
total number of parts to prevent the model 
from ignoring parts. 

• The · sum of unsatisfied manufacturing 
processes must be equal to zero to insure 
satisfying all required processes of a part. 
If any of these constraints were not 

satisfied, a penalty factor (large _negative 
value) is multiplied by the overall suitability 
percentage. Thus, the GA mechanism will 
avoid these penalties as the objective in this 
step is to maximize the fitness function value. 

Finally, a number of running conditions 
must be specified. These include population 
size, evolution parameters, and. other optional 
s~ttings; as s~own in ~_igure 9. 

FiSJjre 9. GeneH unter settings for step 1. 

5.4 M a1e1 mutia, 

The GA model solution mechanism is 
represented by Node A24 shown in Figure 
10. The GA model starts with generating a 
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population of 100 machine and part 
chromosomes. Each machine chromosome 
contains 50 machines, · and each part 
chromosome contains 50 arts. 

FiSJJre 10. Node A24 - Sllve model. 

The model compares each part's required 
manufacturing specification and the 
machine's capability to produce this 
specification and calculates the suitability 
index between the part and machine. An 
overall suitability percentage is calculated 
(fitness function of the GA model). This is 
repeated for al 1 the first generation 
population. 

The best 2% ( 1 - generation gap) of the 
population chromosomes are copied directly 
to the next generation without crossover or 
mutation. The rest of the population 
undergoes a crossover process in which a 
random number is generated. If the crossover 
rate (0.99) is greater than or equal to the 
generated random number, then the crossover 
operator is applied. Also, mutation is applied 
to the resulting offspring of the crossover 
process. A random number is generated. The 
mutation operator is applied only if the 
mutation rate (0.001) is greater or equal to 
the generated random number. 

The offspring resulting form crossover 
and mutation prncesses plus the directly 
copied . chromosomes from the previous 
generation, form the new generation. 

The GeneHunter program terminates the 
process if the fitness function remains 
unchanged for 500 generations (stopping 
criteria). 



Finally, the un-clustered part-machine 
matrix is produced only after validating the 
results of the model. 

6. Step two: form dusersci parts 
and machines 

The second step in solving the group 
technology model is forming clusters of parts 
and · m~chines. This is represented by Node 
A3 shown in Fi ure 11 . 

Figure 11. NodeA3-famdusters<i 
partsand machine& 

The model development methodology for 
this step is similar to that of the previous one; 
however, the difference is in the main input 
and output of this step, which . is the un
clustered part-machine matrix and the 
clustered part/machine matrix; respectively. 

6.1 M athanatical model develqment 

Developing the mathematical model starts 
by defining the decision variables based on 
the roblem definition (Fi ure 12). 

:;~: 1°'~ ---------<··················· ·= 

...... -. .......... 
Fi~re 12. Develop mathematical model. 

The problem in this case is to cluster the 
un-clustered part machine matrix obtained 
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from the previous step. This matrix is also 
known as the machine-component incidence 
matrix A= [ aij], where: . 

a .. = {] if i
th 

part Visits r madJine 
'' o othewise 

The model's main concept is to create a 
number of clustering centers and try to gather 
as much l's· as possible around them by 
minimizing the total distances between 
cluster centers and the 1 's, which is the 
objective·function. 

The model moves the locations of cluster 
c~nt~rs, machines, and parts until minimum 
distance is obtained; thus, these are the 
decision variables. 

· The main constraints identified in step 2 
. results from the fact that the original 
machines assigned to process a part must 
remain unchanged after moving the different 
parts and machines position. 

6.2 Trarmatemodel 

The "Translate Model" function shown in 
Figure 13 describes the implementation of 
the mathematical model in MS Excel. Based 
on the decision variables, the part number, 
machine number, and cluster center(s) are 
defined as the changing cells. 

Figure 13. Tran~ate step 2 model. 

Part-machine assignment position (1 's 
position) is then extracted from the un
clustered part/machine matrix based on the 
changi'ng cells value using the INDEX 
function of MS Excel. Individual distances to 
cluster are then calculated and the total 
distance to cluster is simply the summation 



of the calculated distances, as explained m 
the previous section. 

If any of the data extracted has violated a 
functional constraint then penalties are 
calculated that significantly increase the 
value of the total distance to cluster. Finally, 
verification of all the formulae defined in 
Excel is carried out before the total distance 
to cluster(s) is generated. 

6.3 DaineGeneHunter parameters 

The different activities that are done to 
define the GeneHunter parameters are 
modeled in node A23 shown in Fi ure 14. 

·· t·~ -

°""""'--1----->t. 

Canw...,.,"' 

~ : II 

Figure 14. Define GeneH unter parameters 
fa step 2. 

O€/ine Fitness Function. the minimization 
of the overall linear distance is chosen to be 
the fitness function for this step. 

Sioct Chrorros:Jrres. the · chromosomes 
for the GA model are selected to be the parts 
number, machines number, and cluster 
center(s). The enumerated chromosome type 
is selected. · 

O€/ine Contiraints. for the model to wor~ 
properly, a set of constraints and penalty 
factors have to be applied. The model checks 
if all 'the machines and parts appeared or not 
in the part-machine matrix. It also makes sure 
that every part and machine appears only 
once. This is achieved using two counters 
that are used to: 
• Show how many parts and machines did 

not appear. 
• Show how many times each part and 

machine has appeared. 
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If any part or machine did not appear in 
the matrix and/or any part or machine 
appeared more than once in the matrix; the 
counters value is greater than zero and is 
multiplied by a large positive value, which is 
then multiplied by the total distance value as 
a penalty. If al I constraints have been 
satisfied then the penalty value is equal to 
one. Consequently, the GA mechanism will 
avoid these penalties as the objective in this 
step is to minimize the fitness function value. 

Si Running Conditions. before running 
the GeneHunter, running conditions must be 
specified and these are as follows: 
• Population Sze. 200 chromosomes. 
• CroSfDVU rate. 0.99 is selected. 
• Mutation rate. 0.001 is selected. 
• Ga1a-ation Gap. 0.98 is selected. 
• Eliti!:1 Srategy. elitist strategy is 

activated. The best 2% of the population 
is copied directly to the next generation. 

• Sopping Condition. the GA model is set 
to stop if the fitness function remains 
unchanged for 500 generations. 

6.4 Mcxtel mutia, 

The GA model solution mechanism for 
step 2 is represented by Node A34 shown in 
Fi ure 15. 

Figure 15. Step 2 model Sllutioo. 

The GA model starts with generating a 
population of 200 chromosomes. The model 
calculates the distance between each cell 
value and all the cluster centers and choosing 
the least distance. The total distance (fitness 
function) is then calculated. This is repeated 
for all the first generation population. 



98% of the population undergoes a 
crossover process at a crossover rate of 
(0.99). Mutation is applied to the resulting 
offspring of the crossover process at a 
mutation rate of (0.001). The offspring 
resulting from the crossover and mutation 
processes plus the remaining directly copied 
chromosomes from the previous generation 
(2%) form the new generation . . 

The Gene Hunter program terminates the 
process if the fitness function remains 
unchanged for 500 generations. 

Finally, the clustered part-machine matrix 
is produced, which is the final output of the 
two-step model, only after validating the 
results of the model. 

7. Coodusioos 

This paper presented the use of a 
structured systems analysis methodology to 
help in the development of a group 
technology model using a genetic algorithm 
approach. The modeling methodology chosen 
is the integration definition for function 
modeling level 0 (IDEF0). 

The GT model development process has 
been described in details using the IDEF0 
and has shown its potential role in 
commun_icating this process. 

The use of the IDEF0 . helps the model 
developer to clarify the model inter
relationships and model logic and · to 
whatever level of detail needed, :which helps 
in enhancing t~e model development process 
both from . the level of understanding and 
from the development time points of view .. 
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Simulation experiments of automated 
material · handling systems (AMHS) un~er 
different configurations, and modes of 
delivery are usually conducted to evaluate the 
performance of these alternatives. However, 
the importance of appropriate statistical 
analysis of these experiment results is often 
overlooked. This paper presents a detailed 
statistical analysis and design of experiments 
for an intrabay AMHS simulation model 
output data that is used to identify the 
significance of the different factors affecting 
the performance of the intrabay AMHS and 

· the interaction among these factors. Also, the 
analysis is used to determine whether or not 
the results achieved from the model are 
affected by the random number generator 
used. Finally, the analysis is used to confirm 
that the ranking, proposed by the simulation 
experiments, of the different AMHS designs 
with respect to delivery time is acceptable 
and that there is a considerable difference in 
their performance. 

1. I ntroduction 

.Automated material hand I ing system 
(AMHS) design process~ is a critical issue in 
the semiconductor industry as the 
performance of the entire wafer fabrication 
facility (fab) primarily depends on the 
configuration and performance of the 
AMHS. 

AMHS design process includes evaluating 
the performance of different proposed 
designs (configurations), where the key 
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performance indicator that is most commonly 
used is the AMHS d8iv€1'y tirre. 

The AMHS that is used in 300mm wafer 
fabs is mainly composed of interbay and 
intrabay AMHS [ 1, 2]. Intrabay AMHS is the 
focus of this work. 

There are two different configurations; 
merge/diverge (MD) ON and OFF, and two 
different modes of delivery; point-to-point 
(PTP) ON and OFF that can be used for an 
intrabay AMHS and; hence, four different 
design alternatives can be identified, which 
represents the combination between 
configurations and modes of delivery. These 
are listed as follows: MD OFF - PTP OFF, 

. MD OFF - PTP ON, MD ON - PTP OFF, 
and MD ON - PTP ON. 

Due to the high costs associated with this 
selection process, simulation is usually used 
to evaluate the impact of the different AMHS 
designs before it is actually implemented in a 
fab. In fact, simulation has shown that the 
system reaches its best performance by using 
the merge/diverge capability combined with 
implementing point to point mode of delivery 
(scenario 4) [3]. 

One of the most important but neglected 
aspects of a simulation study is the proper 
design and analysis of simulation 
experiments [4]. Specifically, there is little 
evidence in literature on the use of statistical 
analysis and design of experiments on output 
from simulation models of semiconductor 
manufacturing facilities [5]. 

This paper will present a detailed 
statistical analysis for the output obtained 
from a simulation model for intrabay AMHS. 
The paper will start by presenting and 



describing the different factors considered in 
the analysis and their effect on the AMHS 
delivery time along with the interaction 
between these factors. Afterwards, the effect 
of the random number generator used in the 
simulation model on the experiments results 
is evaluated. Then, the selection of the best 
AMHS design alternative using statistical 
methods is explained. Finally, the 
conclusions drawn from this . work are · 
pointed out. 

2. Fadorial desi~ 

As already discussed before, performan~e 
of AMHS is mainly evaluated by the delivery 
time, and accordingly it will be considered as 
the response, in the following experiments. · 

The delivery time is mainly influenced by 
three main factors: configuration, mode of 
delivery, and number of overhead vehicles 
(OHVs). Types of these factors and their 
levels are shown in Table 1. 

Table 1. Facto"rs affecting AMHS 
erformance and their levels. 

Facta Type 
Value 

LCNI -1 
Coofi~J.ntia, Binary 

0 
(A MD OFF MOON 

Moded 
Binary 

0 I 
DeliVS' ·cs PTP OFF PTPON 
OHVs C lnte er 6 IO 
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2.1 ~ Factaial defig, 

23 factorial experiments are designed to 
investigate the significance of. the AMHS 
factors that affect · system performance and 
the · interaction between them. The 
combination between .these factors and their 
levels are shown in Table 2, accompanied by 
the res.ult of three replications . at each 
combination. 

Table 2. Results of delivery time in 
minutes at different levels of factors. 

Mode a Delivery (B 
PTP-OFF PTP-ON 

No. a OHVs{C) No. a OHVs(C) 
6 . 10 6 10 

6 I LL 13.83 7.75 10.97 7.13 

i 
Q LL 12.81 7.64 9.87 6.76 :eo ... _ 

13.59 7.76 I 1.01 7.26 
-~~ z 11 .26 9.65 9.40 7.88 - 0 6 I 11.41 9.76 8.69 7.69 Q 0 :e 11.11 9.58 8.638 7.98 

As shown in the above table by 
combining the different factors and their 
level_s together, 8 treatments ar~ produced; 
these treatments are shown in Table 3 and 
Table 4. 

Table 3. Experiment data matrix (a). 
Treatment DeliVB'V Time(min) 

Canbinatioo ·, II 111 
Sum 

(I)" 13.83 12.81 . 13.60 40.25 

a 1_1.26 11.41 11.11 33.78 
b 10.97 9.87 I 1.01 31.85 
e 7.75 7.64 7.76 23.15 

ab 9.40 8.69 8.64 26.73 
ae 9.65 9.76 9.58 28.99 
be 7.13 6.76 7.26 21.16 

abe 7.81 7.69 7.98 23.48 

Sum 77._80 74.64 76.94 229.39 

Table 4. Experiment data matrix (b). 

Treatment A A B 
A 

A B C 
Canbinatia, B C C 

B 
C 

(I) - I - I - I ·) I I - I 
a I - I -1 - I -1 I I 
b -1 I -1 - I I - I I 
e - I - I I 1 -I - I I 

ab I I -I I -1 -I - I 
ae I -1 I - I I - I - I 
be - I I 1 -1 - I I - I 

abe I I I I I I I 

2.2 Tet d hypahe:Es 



The delivery· time Y;il<I is assumed to be 
expressed in the form of the following 
statistical model. • 
~Id= µ+r; + /Jj + rk +r/J;j 

+ TYik + /Jr jk + r/Jrijk + &ijld 
wh«~ 
i = 1,2,. ••,a 

j = 1,2,. · ·, b 

k= 1,2,··,C 

I= 1,2~ · · ·, n 
and, 

µ : is the common parameter to all 
· treatments (Overall Mean). 

r; : is the contribution of factor · A 
( configuration) at level i in the 
variation of Y;ikl· 

fJ . · is the contribution of factor B 
1 

• (mode of delivery) at level j in the 
variation of Y;ikl· · 

r k. : is the contribution of factor C 
(number of OHVs) at level kin the 
variation of Y;ikl· 

( r/J )r : is the contribution of interaction 
1 •• 

between A and B at level // in the 
variation of Y;ikl· 

( ry );k : is the contribution of interaction 
between A and C at level ik in the 
variation of Y;ikl· 

(/Jr) jk : is the contribution of interaction 
. between B and C at level j k in the 
variation of Y;ikl· 

(r/Jr )ijk: is the contribution of interaction 
between A, B, and C at level ijk in 
the variation of Y;ikl· 

&ijkl : is a random component, assumed to 
be normally distributed, with rhea11 
of zero and standard deviation of a. 

2.3 Satanent cl hypciheees 

The hypotheses that are going to be tested 
are as fo11ows: 
1. Effect of factor A (H0 = no effect): 

H O : r, = r 2 = ... = r a = O 

H,: r; ;j:. o 
2. Effect of factor B (H0 = no effect): 

Ho:/31 =/32 = ... =/Jb=O 
H1 :/J; =1:-0 
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3. Effect of factor C (H0 = no effect): 
Ho: Y, = Y2 =···=Ye= 0 

H, :r; ;j:.Q 

4. Interaction between factor A and factor B 
( H0 = no interaction): 
H0 : (r/Jt = (rfJ)12 = ... = (r/J)a/:J = 0 

H1 :(rfJ);j =;t:O 

5. Interaction between factor A and factor C 
(H0 = no interaction): 
Ho : ( TY )11 = ( ry )12 = · · · = ( ry )ac = 0 

HI : ( ry );k =;t: 0 

6. Interaction between factor B and factor C 
(H0 = no interaction):· 

Ho: (ftrt = (/3r)12 = ... = (flr)1x = O 

HI: (Pr)jk * o 
7. Interaction between the different factors 

A, B, and C (H0 = no interaction): 

Ho: (r/Jr ), 11 = (r/Jr )11 2 = •·· = (r/Jr Lbc = O 

H1 : (r/Jr );1k -:t= o 
In order to test the above hypotheses, the 

procedures of analysis of variances would be 
adopted by evaluating the following ratios for 
each factor and their interactions. These 
procedures are best illustrated in Table 5. 

Table 5. Sample analysis of variance 
table for the three factors. 

A 

AB 

ABC 

Error 

Total 

a-1 

(a-l)(b-1) MSAB=~ y 

(a-l)(b-1) · X MSABC 
(c-1) MSAE£ =y MSE 

abc(n-1) 

abcn-1 

Fer is the statistic by means of which the 
significance of the corresponding factor is 
decided; where, F0 is the ratio of that part of 
the sum of squares attributed to a factor, to 
that attributed to the error. That error is 
already assumed as a normal variable. 
Therefore, as F0 tends to unity or near to 
unity, the variation of the response due to 
that factor could be considered as random 
and hence the effect is not significant. 



P-value: is the area under the F
distribution curve on the right to F0 (greater 
than F0), if the P-value is less than 0.01 then 
the factor has a significant . effect on the 
response, while if it is higher than 0.01 then 
the factor has no significant effect on the 
response. 

Cootributia, % : is the ratio of the sum 
of squares attributed to a factor to the total 
sum of.squares. 

In order to evaluate the different sum of 
squares, the following expressions may be 
applied. 

~ = ( Contrastv )2 

'-'-11 n2m 

whe-~ 
V = A, B, C, AB, AC, BC, ABC 

. Contrativ = ltf *ISJnf 
and, 
m is the number of factors under study. 
n is the number of replicates. 

I \.1r: is a row matrix of the levels of factor . 
Vin the different treatments. 

1Slf7i: is a column matrix of the sum of 
replicates of the response at different 
treatment. 

.SSr = f±ff ~k/ - }C 
i=I j =I k=I l= l N 

Wla-~ 
a b c n 

y = LLLLYijkl 
i=I j =I k=I l=l 

N is the total number of observations. 
Applying th~ above mentioned formulas 

and the ones presented in Table 5 to the data 
in Table 3 leads to Table 6, which shows the . 
results of the analysis of variance of the three 
factors. 
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Table 6. ANOVA table. 

'o § 0 .§ 
::l :5 

0 ·- Fo ~ ~ ~ ~ -~ ss OF MS > 
0 ~ 0.. E 

(/) :> 0 u 
A 0.49 I 0.49 3.86 0.067 0.5 
B 21 .94 I 21.94 173.72 5.23E-I0 22.39 
C 53.48 I 53.4.8 423 .5 6.16E-13 54.57 

AB 0.19 I 0.19 1.57 0.228 0.2 
AC 16.26 I 16.26 128.73 4.61E-09 16.59 
BC 2.63 I 2.63 20.86 0.000316 2.69 

ABC 0.98 I 0.98 7.8 0.013 I 
. Error ·2.02 16 0.13 

Total 98 23 4.26 

A number of conclusions regarding the 
significance of each factor are drawn form 
appiying the ANOV A test: 

Fader_ A: The . configuration of the 
· AMHS has a p-value of 0.067, which is 
considered rather high. This means that the 

· configuration of the AMHS is not a 
significant factor in influencing the delivery 
time. This is also affirmed by the low 
contribution in the variation of delivery time 
by 0.497%. 

Fader 8: The mode of delivery is highly 
significant (P-value = 5.23 E-10), with a 
contribution percentage to the variation of 
delivery time· by more than 22%. 

Fader C: The number of OHV s is the 
most significant factor (P-value = 6.16E-
13 ~ 0 ) . . This means _that the number of 
OHVs has a great impact on the performance 
of the system and contributes to the variation 
of the delivery time with about 54.5%. 

In addition, conclusions regarding the 
interactions between the different factors 
presented in the ANOV A table are found: 

AB I nteradia,•: The interaction between 
the configuration · and mode of delivery has 
no significant effect (p-value = 0.228). This 
implies that by changing the AMHS 
configuration, the effect of changing the 
mode of delivery does not · influence the 
delivery time significantly and coritributes to 
delivery time variation by about 0.2%. 

AC I nteradia,: The interaction between 
configuration and number of OHV s is the 
most significant interaction (P-value = 4.61 E-
09) and contributes in the variation of 
delivery time by more than 16%. This means 
that by changing the state· of configuration, 



the· effect of increasing the number of OHV s 
becomes more significant. 

BC I nteradion: The interaction between 
the mode of delivery and number of OHV s is 
highly significant (P-value = 0.000316). This 
result implies that by changing the state of 
the mode of delivery the effect of increasing 
the number of OHV s becomes more 
significant, contributing in the variatio_n of 
delivery time by about 2.68%. 

ABC I nteradion: Finally, the interaction 
between the configuration, mode of delivery, 
and number of OHVs is insignificant (p
value = 0.013), meaning that the interaction 
between these three factors doesn't influe~ce 
the performance of the system significantly 
and contributes with only I% in the variation 
of delivery time. 

3. Effect d the nuisanoo fad:a _ 

Nuisance factor is generally defined as a 
design factor that probably has an 
undesirable effect on the response, the 
variability arising from nuisance factor can 
affect the results of any experiment. In this 

· particular case, the nuisance facto·r is the 
random number generator. 

The effect of the · random number 
generator on the results obtained from 
running the model is checked by running the 
model under the four different scenarios 
using 6 OHVs; these runs are replicated by 
using five different seeds. As previously 
mentioned, .the four scenarios are: MD OFF -
PTP OFF, MD OFF - PTP ON, MD ON -
PTP OFF, and MD ON - PTP ON. 

Results obtained from running the model 
under the differe_nt operating conditions are 
shown in Table 7. In order to isolate the 
effect of the nuisance factor the method of 
blocking is adopted. 
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Table 7. Results of delivery time under 
the four different scenarios. 

0 Blocks -~ 
C 
<I) Seed l Seed 2 Seed 3 Seed 4 Seed 5 Sum Avg. a 
1 13 .83 12.81 13.60 12.20 12.57 65.02 13.00 
2 10.97 9.87 11.01 9.84 9.08 50.76 10.15 
3 11 .26 11 .41 11.11 10.99 11.06 55.83 11.17 
4 9.40 8.69 8.64 10.09 8.80 45 .61 9.12 

Sum 45.47 42.78 44.36 43 .11 41.51 217.23 
Avg. 11.37 10.70 11 .09 10.78 10.38 10.86 

3.1 T et a hypdl'laEs 

The delivery time Y;i is assumed to be 
expressed in the form of the following 
statistical model. 

{i.: 1,2, ...... ,a 
J - 1,2, ...... , b 

whu~ 
µ : is the common parameter to all 

treatments (Overall Mean). 
r; : is the contribution of treatment 

(scenario) at level i in the variation 
of Yij. 

/Jj : is the contribution of block at level j 
in the variation of Yij. 

&ij : is a random component, assumed to 
be normally distributed, with mean 
of zero and standard deviation of a. 

3.2 Statanentsa hypallefEs 

The hypotheses that are going to be tested 
are as follows: 
1. Effect of different scenarios ( H0 = no 

effect): 
Ho :rl =r2 = .. . =Ta =0 

H 1 :r; -:t:O 

2. Effect of different blocks (H0 = no effect): 
Ho:/31 =/32 = ... =/Jb=O 
HI :/3; -:t:O 

In order to test the above hypotheses, the 
procedures of analysis of variances would be 
adopted by evaluating the following ratios for 
treatments and blocks. These procedures are 
illustrated in Table 8. 



Table 8. Analysis of variance for a 
ran d . d I bl k d omIze compete oc esIg n. 

VJ 

'o § ~ <+- ~ ~ E Cl) ~ :::l :::l Cl) · - g-x Cl) 0 ,.-._ CT ,-. 
~ ~ ~ -~ 'o - ~]c ~ ~ >-

(,;j 0... 0 t'3 
E . at!:: <I) (/) >-

:E ::I 
[/) 

Treatments fEr,estm,nts a - I 
X z 
y M~ 

SSaod<s 
X z 

Blocks b - 1 y M~ 

Error SSE (a- l)(b-1) X 
y 

Total ~ N - 1 

The treatments in the previous table refer 
to the different 4 scenarios, while the blocks 
refer to the 5 different seeds used in this test. 

F ~ as previously defined, is the statistic 
by means of which the significance of the 
treatments and/or blocks is decided. As F0 . 

tends to unity or near to unity, the variation 
of -the delivery time due to treatments or 
blocks can be considered random and hence 
the effect is not significant. 

P-value: as mentioned previously if the 
P-value is less than _ 0.01, the treatments or · 
blocks are considered having significant 
effect on the delivery time, while if it is 
higher than 0.01, they are considered having 
no significant effect on the delivery time. 

In order to evaluate the different sum of 
squares, the following formulas are used: 

. 1 a y2 
EB,-,mtfn£Tlts = -bi ¼. - N .. 

l=I 

l b y2 
$Blrocs =aL~-N 

J=I 

5Sr = f±Yi}- y2 
i =I i = I N 

SSE = 5.'Sr - ES,-,eatrrmts - S,Blrocs 

'where, 
a: is the number of treatments 

(scenarios). 
b: is the number replications (Blocks). 
N: is the total number of observations. 

b 

.Vi = L Y;i (i = 1,2, ....... , a) 
. j = I 

a 

Yj = L Yij (j=l ,2, ........ ,a) 
i =I 

a b 

y = LLYij 
· i=l j = I 
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Applying ANOV A test to the 
experimental data given in Table 7, the 
results shown in Table 9 were obtained. 

Table 9. Results o fANOVA ana1ysIs. 
! Cl) 

~6 ! lj ! ! B.: ti " lif ~ I ... .!!! 

~~ l5 ra, ... C ci. 
E C LL 81 
o1 ::E 

Treatments 41.04 3 13 .68 41.07 l .37E-06 
Blocks . 2.31 4 0.58 1.73 0.207 
Erra 4.00 12 0.33 
Tcxal 47.34 19 

These results indicate .that the treatments 
(scenarios) significantly affect delivery time 
(P-value = 1.3 7E-06) and that the blocks 

:(nuisance factor) is insignificant as indicated 
by the P-value of 0:207. This implies the 

· robustness of the model built for the AMHS. 

4. Ranki~g different SB1arios 

The different scenarios are ranked by 
applying Fisher' s least significant difference 
(LSD) method [6]. 

UD=t%.l~s,, 
wha-~ 

a: is the significance level (a= o.os). 
v : is . the degrees of . freedom of 

error(v = I~). · 
b: is the number ofreplicates(b=5). 

From the t-distribution table; 
( 005 = 2.56 
2,12 

LED= t p ,-, 033 = 0.934 
oos, 12 . . 5 

2 

The difference between averages of any 
pair of scenarios is considered signitic"ant, if 
and only if this difference is equal to or 
greater than the LSD calculated above. 

The different scenarios of · operating 
conditions are listed in Table 10 and sorted in 
an ascending manner by the mean delivery 
time value; where, scenario 4 is better than 
the remaining scenarios, scenario 2 is better 
than scenarios 3 and 1, and scenario 3 is 
better than scenario 1 . 



• Table 1 O. Different scenarios of 
o eratin conditions. 

ScsWlo Mean DeliVS"y 
# Dacrl loo Time(min) Rank 

MD ON - PTP ON 9.1226 1 
MD OFF - PTP ON 10.1527 2 
MD ON - PTP OFF 11.1662 3 
MD OFF - PTP OFF 13.0036 4 

Table 11 lists the scenario pairs tested and 
shows that all absolute difference of mean 
delivery time is greater than the LSD value 
calculated previously. 

Results shown in Table 11 are interpreted 
as . follows: the mean delivery time of 
scenario 4; MD ON - PTP ON, is 
significantly lower than all remam1.ng 
scenarios and; thus, is the best scenario. 
Similarly, the second best scenario is 
sc~nario 2 (M. D OFF - PTP ON) and the 
third best scenario is scenario 3 (M D ON -
PTPOFF). 

Table 11. Comparing the average 
d r f f d"ff t . e1ven , 1meo I eren scenaraos. 

Pair c1 Abs:llute Differenc2 
Fisher's Test 

ScBlarios c1 Mean Delivery 
(LSD = 0.934) Time 

St vs. Si 1.0301 > LSD 
St vs. 5.3 2.0435 > LSD 
St vs. S. . 3.8810 > LSD Significantly 
Si vs. 5.3 1.0134 > LSD different 
$.i vs. S. 2.8508 > LSD 
5.3 vs. s. 1.8374 > LSD 

This concludes the statistical analysis 
study by confirming the results obtained 
from the simulation model and · increasing the 
credibility of the model output. 

5. Condusions 

This paper presented the statistical 
analysis and design of experiments that have 
been conducted on results obtained from a 
simulation · model for an intrabay AMHS 
semiconductor manufacturing system·. 

Statistical analysis showed that the 
intrabay AMHS performance is mainly 
influenced by the number of used OHVs (P
value = 6.16E-13) and the state of the mode 
of delivery (P-value = 5.23E-10). Also, it has 
shown that there is a significant interaction 
between the number ofOHVs and the AMHS 
configuration, which means that the ·effect of 

79 

Proceedings of the 2009 !EMS Conference 

number of OHV s on system performance 
changes by changing the system's 
configuration. 

In addition, statistical analysis has been 
used to prove that there is no significant 
effect of the random number generator 
(nuisance factor) on the results obtained from 
simulation experiments, which proves the 
robustness of the developed simulation 
model. 

Finally, statistical has shown that the 
improvement achieved in the system 
performance using Merge/Diverge capability 
and Point-To-Point delivery mode is 
significant and that it is the best achievable 
performance out of the tested AMHS 
designs. 
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1. I ntroductioo 

Physics-based simulation is a concept that 
involves the creation of software for the creation 
of scenarios depicting real life physical 
interactions and the resulting reactions. While 
graphics are not always necessary, 2D or 3D 
graphics can be, and often are, used to give 
visual representations of the simulation. While 
the ultimate goal of physics-based simulation is 
to perfectly model the way objects interact in the 
real world, there exists two stumbling blocks 
that will likely always remain. First, modem 
computers are not yet powerful enough to 
achieve this and it's not ·certain they ever will 
be. The second stumbling block is that even 
now physics models tend to do only a reasonable 
job of representing real life phenomena, leaving 
a lot to be desired in terms of standardized rules 
that are applicable to more than just specific 
scenarios. Because of these limitations, 
software physics systems settle mostly for 
highly approximated results to physical 
interactions. The topics covered in this paper 
will not pretend to provide perfectly realistic 
~esults, but instead will provide approximations 
that look visually convincing when displayed 
using computer graphics. 

Two key components of any physical simulation 
are collision detection and collision response. 
Collision detection algorithms are used to 
determine when and where separate bodies make 
contact with each other. Collision detection on 
its own will simply provide you with points in 
space at which bodies make contact with each 
other, but more is needed to make the bodies 
react to this collision. This is where collision 
response algorithms come into play. 
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What separates collision response from more 
general dynamics is that collision response is a 
special case scenario that is meant only to deal 
with the post-contact reaction of two bodies 
colliding and the dynamics associated in making 
thi_s reaction look convincing. A problem within 

· collision response arises when taking into 
. consideration that different materials respond in 

different ways to collisions. These different 
responses are governed within software systems 
by sets of parameters, each of which represent a 
specific physical property of the material. This 
paper focuses on the creation of an object 
management system for the parameterization of 
rigid body parameters for the facil'itation of 
object response modeling. 

The testing platform for all collision response 
information in this paper was The Open 
Dynamic_s Engine (ODE). ODE is a dynamics 
engine that provides collision detection, and 
collision response mechanisms in a C/C++ 
compatible library. Many of the collision 
response parameters covered in this paper are 
not specific to ODE and should be applicable to 
any physics package 

2. Massand Weiw-t 

The first vital attribute that needs to be ·set when 
creating new objects within a simulation is mass. 
Mass is often a confusing concept to define. 
The simple definition of mass is that it's the 
quantity of matter in a body. Mass often gets 
confused with weight, but the two are actually 
very different. 

Weight is defined as w= ~ where mis the 
object's mass and 9t is gravitational 
acceleration. 9t can be measured in meters per 
second squared, or in g' s. One g (not to be 



confused with~) is equivalent to about 9.8 m/s
2

, 

which is the gravitational acceleration found on 
the surface of the eai:th. In .comparison, the 
gravity on Mars and Mercury has a g value of 
.38, the moon has 0.167g, and Jupiter has the 
highest of the nine planets at 2.53g. 

2.1 · Determining a Mass Value 

A simple equation for determining mass can.be 
derived from the above equation of weight. If 
we measure win newtons, min kilograms, and 
g, in m/s2

, we can resolve mass as m= w' g,. 
Considering one newton is about 0.22 pounds, 
we can put this equation into terms of pounds by 

Lets say we have an object that weighs 140 
pounds(on planet earth), and we want to find its 
mass. We get 

nf9 = ( 140 * 0.22) / 9.8, 

giving us a mass of about 3.14 kilograms. Take 
notice that mass remains the same regardless of 
gravity, but weight does not. An object on the 
moon would have the same mass as it does on 
earth, but the weight would be much different. 

3. Ccntact Parameters 

Contact parameters are values that. help describe 
a collision between two objects of specific 
surface types. The term surface is an identifier 
used to describe things such as metal, wood, and 
concrete. Even water and air are surfaces that 
need contact parameters to describe _their 
collisions: Following is a sparsely detailed 
introduction to the most significant contact 
parameters to aid in your unJlerstand ing of these 
values before we discuss how to represent them 
in software. The parameters discussed include 
several forms of friction, along with restitution 
and force dependent slip. 

3.1 Coefficient cl Fridia, 

Friction is a property that describes the 
resistance created when two surfaces rub against 
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each other. Friction is not surprisingly an 
incredibly complicated property to represent 
with mathematics. The standard friction model 
involves presenting a coelfident value that 
represents how much friction exists between a 
given pair of surfaces. Although useful, this 
model does a fairly poor job of describing 
frictional phenomena in real life and leaves us in 
a position where almost any fact we attempt to 
give concerning one case study can be 
contradicted by another case study. Because the 
friction model is so limited, we have to deal with 
different categories of friction that correlate with 
different scenarios. Three of the more general 
friction categories are static friction , sliding 
friction , and rolling friction. 

Static Fridicn 

Static Friction is a particular category of friction 
that specifies how much frictional force has to 
be overcome in order to move a stationary object 
from its resting place. The standard model of 
frictional force can be defined as 

F,=C,N, 

where C, is the coefficient of friction , and N is 
the normal force. From this, we can define the 
friction coefficient as 

C, =Ff/N. 

Normal force is a force that is perpendicular to 
the two surfaces that are touching. Consider the 
simple case of a box on a flat stationary surface. 
In this instance N is the box's weight. A force 
Ft , called the tangential force, is applied to the 
side of the box in an attempt to push it 
horizontally. The box will not budge unti I Ft 
becomes greater than F,. Since F, is simply the 
product of the coefficient and the box's weight, 
the higher the coefficient is the stronger F, will 
be and the stronger Ft will have to be before the 
box budges. 

Doing exhaustive tests to come up with these 
coefficient values is not easy. Luckily, friction 
values for myriad pairs of surfaces can be found 
in various publications, so these resources 
should be looked to first before any effort is 



'Yasted on performing real life tests for new 
friction coefficients. For many useful friction 
coefficients, visit the websites listed in 
references [7] , [8]. 

Sliding Frictia, 

Sliding friction, also called kinetic friction , is 
used in scenarios where a tangential force Ft 
overcomes the static friction between two 
surfaces and the two surfaces begin to slide 
relative to each other, thus the label sliding 
friction. Once the static frictional force is 
overcome, resistance is provided by the sliding 
frictional force. Sliding friction uses the same 
basic model of friction force that static friction · 
does, but the coefficient for sliding friction is . 
different, in most cases being lower than the 
correlating static coefficient. The reason it's 
necessary to differentiate between static and 
sliding friction is because of a complex 
phenomena where objects seem to slide along a 
bit easier once they've actually been set into 
motion. · Here is a sample of static friction 
coefficients vs. sliding friction coefficients: 

Surface Pair C1(Static) C1(Sliding) 
Wood on Wood 0.5 0.3 
Ice on Ice 0.1 0.03 
Rubber on 1.0 0.8 
Concrete( dry) 
Rubber on 0.7 0.5 
Concrete( wet) 
Glass on Glass 0.94 0.4 

Rolling Frictia, 

Rolling Friction describes the frictional force 
that occurs between one or more rolling 
surfaces. A common scenario where rolling 
friction occurs would be automobile tires rolling 
along the ground. If you were to take a single 
car tire and roll it along the ground, it would 
eventually roll to a stop due to rolling friction 
present at the point where the tire touches the 
ground. A major factor in the existence of 
rolling friction is that surfaces tend to deform 
when pressed against each other, even if it's 
barely noticeable. The car tire flattens out a bit 
against the ground and· the ground sinks in a bit 
because of the weight of the tire, thus bolstering 
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the frictional force. The harder and smoother 
the two surfaces are the less they will deform or 
snag each other on imperfections and the less 
rolling friction will_ be a factor. 

Rolling friction adheres to the standard model of 
frictional force just like sliding and static fri ction 
do, but once .again the coefficient for rolling 
friction .is going to be different from _the other 
two categories of friction. The rolling fricti on 
coeffident is generally much lower than either 
the sliding or static coefficients. The table 
below gives a short example of the differences 
be~ween sliding and rolling coefficients. 

Surface Pair 
Tire on road 
Train wheel 
on steel track 

C1 Rolli 

0.001 0.1 

2.2 Boon<2/ Coefficient c1 Restitutioo 

Bounce is just a shorter term for the coefficient 
of restitution, and will be used throughout most 
of the paper. The Coefficient of Restitution is a 
value representing the ratio of post-impact 
velocity to initial velocity, or the speed in which 
two object separate from each other after a 
collision. In terms of an individual surface it is 
defined as 

where CRis the coefficient, Vis the initial 
velocity, and V' is the velocity after impact. 

Given the above information, when two surfaces 
collide the coeffic~ient of restitution for the 
impact can be deduced by 

CR= (V'1 - V'o)I( V1 - Vo), 

where V' 1and V0' are the two object's post
impact velocities and V1 and V0 are their initial 
velocities. 

Bounce correlates to the elasticity of a surface. 
The higher the bounce value a surface has, the 
more kinetic energy the surface conserves upon 
impact. A value of I is the maximum bounce 
value, meaning the object conserves nearly all 



kinetic energy upon collision and could, at best, 
recoil with a velocity equal to its original 
velocity before the ir:npact. . A value of O is the 
minimum bounce value, meaning the object 
suffers from the highest possible loss of kinetic 
energy and will in some cases appear to stick to 
whatever it collides with. Values above 1 are 
applicable even though 1 is considered the 
maximum. Surfaces with a value higher than 1 
are considered hyper-elastic, and will actually 
gain kinetic energy after a collision. 

Same as with friction before, restitution 
coefficients are not intended to be measured in 
terms of a single surface, but instead between 
two colliding surfaces. While giving bounce 
values in terms of surface pairs is fairly accurate, 
it is cumbersome to perform the tests necessary 
to gather said values. In our case we are not 
interested in engineering-quality accuracy, so 
values approximated for individual surfaces 
should me~t our needs. 

Here are some example bounce values for quick 
reference: 

Surfac2 Name Restitution 
Coefficient 

Brass 0.30 
Bronze 0.52 
Copper ·0.22 
Cork 0.60 
Elm 0.48 
Glass 0.96 
Iron 0.67 
Ivory 0.78 
Lead 0.16 
Maple 0;65 
Rubber o.·15 
Steel 0.90 

3. Obj~ Prdiles 

An object profile is a data structure containing 
various data that is used to describe an object 
and that object's movement. Things such as 
mass, velocity, buoyancy, and the surface type 
of the object would all be contained in an object 
profile. How objects are defined within a 
simulation is subjective, but generally objects 
should be anything made mostly of a single 
surface type. Objects can be connected •with 
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joints to form more complex objects. A good 
example of separate objects forming a 
compound object would be a car. The wheels 
all need to be defined using an object profile 
describing the mass of an individual tire and a 
rubber surface type. The car body itself should 
be defined with an object profile containing a 
metal surface type and the mass of the car body. 
The car body and the tires wi 11 be connected by 
joints to form a complete car and move as a 
single body, but in collision response routines 
these objects will all be treated differently 
because of their different surface types. 

A collision response profile is a data structure 
containing a set of the aforementioned contact 
parameters relative to a specific surface or 
surface pair. These profiles would be used 
within a physics simulation to allow for different 
collision response behavior from different 
surface types. Creating certain contact 
parameters in terms of a single surface is very 
unrealistic, but there are reasons for creating 
response profiles for individual surfaces that wi II 
be discussed shortly. 

The most obvious approach to implementing a 
parameter system for a physics simulation would 
be to simply make an indexed table of collision 
response profiles for surface pairs, and when a 
collision happens the two collided surfaces are 
identified and the proper collision profile is 
loaded from the pre-made table. This approach 
is computationally cheap enough to be 
accomplished in real-time, and since the 
collision profile values are for.surface pairs the 
coefficients could be accurate. There is a 
glaring drawback to this approach in the fact that 
data for an enormous amount of collision 
profiles would have to be manually entered to 
account for every possible pairing of surfaces 
that exist in the simulation. If the simulation 
only requires a very small number of surface 
types, then there is no issue. If a large number 
of surfaces are needed, it would eventually 
become impossible to create a profile for every 
possible pairing. In order to rid the need of 
creating so many collision profiles, a different 
approach could be utilized; dynamic 
combination of response profiles. 



3.1 Determining Object States 

Before moving on to collision parameter 
. combination it is necessary to address the 

problem of determining which fraction 
coefficient should be used and when. We have 
defined several scenarios that require the use of 
a different friction coefficient. 

Scenarios in which the static coefficient is 
desired are easy to determine. If both colliding 
objects has a velocity of zero during a collision 
we can verify they are both sitting still against 
each other and the static friction coefficient 
should be used to resolve the collision. 

Determining when to use the sliding coefficient 
vs. the rolling coefficient is a bit trickier. The . 
sliding and rolling coefficients are both used in 
scenarios where at least one of the two colliding 
objects is in motion, but the type of motion 
present and the geometry of the colliding objects 
have to be taken into account. To start off, it 
would be best to place some sort of flag in an 
object profile to specify whether an object has 
the capacity to roll or not. In a scenario where 
two objects of a box-like shape collide there will 
definitely be no rolling effect that occurs 
because neither object has a geometr-ic shape 
that allows for rolling. In this scenario sliding 
friction would be appropriate. If one of the two 
collided object does have the capacity to roll we 
have to look to the rolling-capable object 
velocity and angular velocity to d~termine 
whether it is in a rolling state or not. Even if an 
object has the capacity to roll, if there is no 
angular velocity along one of its rolling axis 
then sliding friction is still the appropriate 
coefflcient to use. 

Lets consider a cylinder sitting upon a wooden 
floor. A cylinder is only capable of rolling on 
the axis that runs through the center of the 
cylinder's heads. If there is an angular velocity 
around this particular axis then we know rolling 
friction is appropriate for handling collision 
between the cylinder and the floor. In a slightly 
different scenario there might be a velocity 
perpendicular to the rolling axis but no 
accompanying angular velocity around this axis. 
In this case the cylinder is moving in a direction 
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in which it is capable of rolling but for some 
reason isn't, and so sliding friction is 
appropriate. 

4. Dynamic Prdile Canbinatioo 

Dynamic collision response profile combination 
means that instead of storing response profiles to 
describe surface pairs, response profiles are 
stored for every individual surface in the 
simulation . . When a collision occurs between 
two surfaces, instead of looking up the profile 
for the specified pair of surfaces, an individual 
profile would be loaded for each of the two 
surfaces, and these two profiles would then have 
to_ be combined algorithmically to create a final 
response profile to describe the collision. 
Dynamic profile combination saves the 
programmer time because only a single profile 
has to be made for each material in the 
simulation-. A definition for the amount of 
profiles that would have to be created to account 
for each possible pairing in a simulation is 

F(n) = "n i 
~/= 0 

In contrast, with dynamic combination the 
required amount of profiles that have to be 
created is simply n. If n were 5 in the above 
equation, F(n) would equal 15. That means 
with only five different materials in the 
simulation, dynamic combination would save 
you from having to manually enter three times 
as many surface profiles. With only ten 
different surfaces in the simulation, F(n) would 
equate to 55, compared to 10 with the strictly 
dynamic approach.· The savings in time are 
enormous. 

The drawback to dynamic combination is that it 
is unrealistic to create physics coefficients for 

· some of these.contact parameters in terms of a 
single surface. On top of that, the algorithms for 
combining these individual surface parameters 
will further skew their accuracy. Neither 
dynamic combination nor static pair profiles 
work very well on their own. A better method 
would be to use both techniques in a 
combination system. When two surfaces 
collide, first check a pre-made table of surface 



pair profiles for the ·corresponding surface pair. 
If the pair is not available in the table, then fall 
back on the dynamic combination technique to 
handle the collision. This would require the 
creation of two different tables; a table 
containing surface pair profiles, and a separate 
table containing individual surface profiles. The 
individual surface table will have to have a 
single entry for every surface that exists in the 
simulation. The surface pair table will only have 
to have as many entries as you see fit. Any 
surface combination that is not handled well by 
the dynamic combination algorithms should be 
entered into the surface pair table. It would only 
be absolutely necessary to create the individual 
surface profiles, and any surface pair profiles · 
created would simply benefit the accuracy of the 
system. 

Coming up with algorithms that combine all 
individual surface profiles perfectly will not be 
possible, and in specific cases surfaces will be 
combined in an especially inappropriate manner 
(this is when you utilize the static surface pair 
table). The goal is to define algorithms that will 
in most cases do an acceptable job of 
combination given any two surfaces. F o-1 lowing 
is a description of a few combination algorithms 
that work reasonably well. 

4.1 Fridia, Coefficient Combinatioo 

In order to justify our results as be~t possible, 
lets first take into consideration the following 
static friction coefficients. Values are present for 
Teflon, Polythene, and Plexiglas against 
themselves and against steel, along with zinc 
and cast iron against themselves and each ot~er. 

&JrfamPair Static Coefficient 
Zinc on Zinc 0.6 
Zinc on· Cast lron 0.85 
Cast Iron on Cast Iron 1.1 
Steel on Steel 0.8 
Teflon on Teflon 0.04 
Teflon on Steel 0.04 
Polystyrene on Steel 0.3-0.35 
Polystyrene on 0.5 
Polystyrene 
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Plexi las on Plexi las 0.8 
Plexi las on Steel 0.4 - 0.5 

The first obstacle that appears is the need to 
derive individual surface parameters from these 
surface pair parameters. We may use the 
friction values of a surface on itself as said 
surface individual value. 

Individual Surfam Static Coeff ident 
Plexiglas 0.8 
Steel 0.8 
Teflon 0.04 
Polystyrene 0.5 
Cast Iron 1.1 
Zinc 0.6 

Now that we have our individual surface 
coefficients, a way of combining them must be 
defined .. Below are the results of combining the 
different possible surface pairs via three 
different methods: averaging of the two values, 
multiplication of the two values, and obtaining 
the square root of the product of the two values. 
The results are compared against the original 
value from the first table. 

Plecidasson Steel 
original value 0.4 - 0.5 
average 0.8 
product 0.64 
sqrt of product 0.8 
closest to original product 

Tefloo on Steel 
original value 0.04 
average 0.42 
product 0.032 
sqrt of product 0.17 
closest to original product 

Polysyrene oo Steel 
original value 0.3 -0.35 
average 0.65 
product 0.4 
sqrt of product 0.63 
closest to original product 

Cas Iron a, Zinc 
original value 0.85 
average 0.85 
product 0.66 
sqrt of product 0.81 

· closest to original averaae 



As we can see here, simple multiplication has 
· achieved the closest answer in all cases listed 

above except for one, giving extremely good 
· results. In the case of cast iron on zinc 

averaging provided the best result, but 
multiplication still produced an acceptable 
value. Multiplication does not do as well as the 
other two methods, though, concerning surfaces 
against themselves, such as Steel on Steel and 
Teflon on Teflon, because in these instances I 
wanted the original value back. A simple 
solution to this would be to not perform any 
combination if both surfaces are the same, and 
simply use the coefficient as is. 

4.2 Bounce Canbinatia, 

A method we find acceptable for combining 
bounce coefficients is to take the square root of 
the product of the two individual bounce 
coefficients. When justifying this method of 
bounce combination, a few desirable scenarios 
should to be taken into account. The first is that 
a collision between two surfaces of equal bounce 
value should return that same bounce value. 
Secondly, a O bounce value represents objects 
that have absolutely no bounce, and will 
possibly stick a bit to whatever they collide with. 
Regardless of what a O bounce surface collides 
against, there shouldn' t be any recoil after the 
collision. This means that a O bounce combined 
with a 1 bounce should be resolved to a 0 
bounce. 

With the above information taken into account, 
it's acceptable to think that when combining two 
different values an interim value should be 
created that favors the lower value of the two · 
more ,greatly as the difference between the 
values increases. The square route operation on 
a product of the two individual coefficients does 
just this. 

6. Condusia, 

In this paper, a method for the management of 
object collision profiles in physics-based 
simulation systems is presented. The method is 
based on the parameterization of collision 
attributes and the utilization of dynamic means 
for the calculation of collision response profiles. 
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The management framework presented reduces 
the burden of creating collision response profiles 
for each type of possible collision within the 
simulation environment. · Instead, a single 
profile is needed for each surface type, and the 
system dynamically calculates an approximated 
profile to be utilized in the physics calculations. 
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Absract 

Florida Department of Transportation 

(FOOT} is currently debating the 

implementation of a new model for verifying the 

contractor quality control (CQC) program 

statewide. In the new model, verification testing 

of CQC is outsourced and conducted by external 

Material ConsultantsN erification Technicians. 

This has · raised the concerns regarding the 

impact of outsourcing verification testing on 

quality, cost and time of different project 

activities. 

This paper presents a recent study conducted 

to solicit the opinions of experts in the field to 

assess and quantify the advantages and 

disadvantages of each model with respect to 

quality, cost and time. The survey solicited the 

opinions of more than twenty experts statewide. 

The questions included in the survey were 

classified into three main categories: 1) general 

guestions addressing some concerns that were 

raised by FDOT, 2) cost breakdown and analysis 

for a sample roadway construction project,' and 

3) possible risks, and their impacts. Some results 

showed that the majority of experts are in favor 

of implementing the new verification model 

statewide. However, the survey is part of study 

that is still under investigation. 

1. I ntroduction 

Florida Department of Transportation 

(FOOT) currently utilizes two testing procedures 

in Contractor Quality Control (CQC}- system. 
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These are: (I) the Material Model and (2) the 

non-Material Model systems. 

The Material Mod~l system is a testing 

procedure that was introduced in 2004 and is 

defined by District 2 to consist of CQC and 

Verification Testing (VT}. Combined, the 

CQC/VT Material Model system is intended to 

measure the effective application of materials to 

provide the State of Florida and the motorist 

utmost assurance of a job well done. District 2 is 

currently adopting this model in which the 

District Materials- Office (OMO) is responsible 

for all materials verification sampling and 

testing (field and lab). These services are 

provided by OMO consultants (also known as 

in-house consultants) on an on-call basis. Under 

the Material Model, in-house consultants are 

responsible for verifying CQC, including (1) 

conducting sampling; (2) on-site testing of 

concrete, embankment, base, pipe backfill, wall 

backfill, top soil, and asphalt paving; (3) 

maintaining log books; ( 4) entering data into the 

Laboratory Information Management System 

(LIMS); (5) testing asphalt plants; (6) 

performing lab testing on materials; and (7) 

coordinating with asphalt plants. The projected 

testing and inspecting costs under the new model 

are expected to be in the range of 2% of 

project's construction costs according to a pilot 

study done by the turnpike. 

· The non-Material Model is a testing 

procedure m which the Construction 

Engineering Inspection (CEJ) team is 

responsible for verifying CQC. Under the non-



Material Model, CEI team is responsible for 

· -performing all the abovementioned activities 

except for asphalt plant testing and _ lab testing 

which are performed by material· consultants. 

FOOT districts vary in the way they verify 

contractors. For example, District 2 is currently 

the only district applying the Material Model on 

a large scale. Districts 4, 6, and the Turnpike_ 

(TP) did _some piloted projects on applying the 

Material Model. The TP reported some 

reduction in costs using the Material Model on 

some piloted projects. Districts 1, 3, 5, and 7 

have not tried yet to apply the Material Model._ 

The main objectives and expected benefits of 

implementing · the Material Model system, 

identified in the literature, are to ( 1) reduce th·e 

costs of testing and inspection; (2) enhance 

quality by relieving CEI to focus on inspection 

and administration; and (3) move the FOOT and 

industry closer to performance specifications. 

With these anticipated benefits, there are also 

some doubts about CEI losing important testing 

experience under the Material Model system. 

As such, there was a need for a focused 

research study to investigate all the issues 

related to the new material Model system and 

compare its · performance to the traditional non

Material Model system. Part of the study is to · 

solicit experts' opinions on the cost and quality 

effectiveness of Material and non-Material 

Models and to ve_rify the appropriateness of the 

· Material Model for contractor quality control. 

2. . .Literature Revievv 

The literature reviewed included valuable 

sources of information as in FOOT construction _ 

project administration manual [1 ], project 

management handbook [2], Material Manual [3], 

standard specifications for road and bridge 

construction [4], Florida flexible and rigid 

pavement condition manual [5,6], pavement 

management reports [7], _ and Turochy and 

Parker study in 2007 [8]. 

88 

Proceedings of the 2009 IEMS Conference 

3. Remrch Methodology 
The approach used in this study has three 

folds. These are ( 1) data collection, (2) data 

analysis, and (3) results interpretation and 

documentation. 

The data collection phase started with 

conducting · face-to-face and virtual meetings 

with experts in the field of CQC. These meeting 

resulted in valuable information that enabled the 

research team to design a survey questionnaire 

to pool the opinion of e~perts representing the 8 

D_istricts of the FOOT. The survey was sent to 

the 8 FOOT Districts and the research team 

received .20 completed responses representing all 

the 8 Districts. Out of the received responses, 14 

responses represented the non-Material Model 

districts and 6 responses represented the only 

Material Model district. 

After collecting the abovementioned data, the 

next research step was to analyze the collected 

data. The data analysis included comparing the 

two models in three main areas: quality, risk, 

and cost. 

4. Survey Questiamaire 

The conducted surv~y solicited the opinions 

of twenty experts from the eight FOOT districts. 

The experts were first classified according to the 

quality control model being implemented at their 

·district (i.e. Material Model experts or non

Material Model experts). The average for each 
category was then cal cu lated to present the · 

beliefs of the experts in each category. Final_ly, 

the average of the two groups is calculated from 

the previously calculated category averages. 

This method•of calculation is utilized to account 

for the fewer Material Model experts in the pool 

of received survey results. Hence, any biasness 

due to the difference in t_he size of the two 

categories is curbed. 

The survey included three main sections 

covering the various aspects of both the Material 

and non-Material models. The first section 

included 5 questions addressing some concerns 



that were raised by FOOT. The second section 

focused on analyzing the cost elements and 

resources for the construction of an example 

road project. The third question addressed the 

various possible sources of risks, their 

probability of occurrence, and their impact on 

time, cost and quality of FOOT construction 

projects. 

5. General Findings 

The first section addressed questions related 

to the randomness of sample locations, the 

efficiency of outsourcing verification testing, 

material testing as a · core responsibility for 

inspectors, the impact of conducting material 

testing on the inspectors' skills, and an estimate 

of · the time spent by inspector on various 

activities. 
Table _ I illustrates the analysis of the 

responses receive_d on the first survey question. 

In that question, experts were asked whether 

samples are taken from their predetermined 

random locations. The received responses show 

that 70% of the experts believe that the samples 

are always taken from their predetermined 

random locations. In response to the second 

question, the majority of experts (52%) reported 

that it is more efficient to outsource the 

verification testing · giving the inspector more 

time to focus on inspection, as shown in Table 2. 

In response to the third question, the majority of 

the experts agreed that material testing should 

not be a core responsibility for t_he inspector 

(56%), as · shown in Table 3. In response t~ the 

fourth .question, few ·experts (38%) believed that 

it is essentialfor the CEI i~spectors to perform 

testing in order to maintain their skills, as shown 

in Table 4. Experts reported that CEI inspectors 

spend approximately 30% of their work time on 

testing, . 62% on inspection, and 8% on other 
activities, as shown in Table 5. 
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Table 1. Random Location Response 
Summa 

1. Aretoosamples 
alwaystaken fr 
prEliet . om the 

erm1noo random 
locations? 

■· Results 

75% 
13% 

13% 

Material 
Model 

Results 

60% 
40% 

0% 

Table 2. CEI vs. VT Technician Efficiency 
Res onse Summar 

2. It ismaeeffident to 
outs:lJrre fied VT to a 
CXJ19.Jltant while CEI 
team fOOJ!ISCllly on 
i~ioninthe 
material mooel. 

• Agree 
Neutral 

Disagree 

Non-Material Material 
Model Model • 

Results Results 

°/4 671/o 
11% 0% 
67% 33% 

3. Material testing 
sioold be a are 
r~sbility fa CEI 
in~as 

••• Average 

Material 
Model 

Results Results 

Agree I 
Neutral I 

Disagree I 

% 
22% 
33% 

17% 
17% 
67% 

I 
I 
I 

31% 
19% 
50% 

Table 4. Keeping CEI Skills Response 
Summa 

~- Doyoo think that CEI ■· • 
111¢asrsi to 

1 

perfam verification • 
testings:> that they k~ Agree 
up their s<illsa testing? Neutral 

Disagree 

Material 
Model 

Results 

67% 20% 

22% 20% 
% °A 

Table 5. Time Breakdown Response 
Summa 

~.lfyruareaCEI ■· • •. ;. · 
1rnpeaa can yoo • • • · 
estimate what pEJoontc19= · a-. 

ct timeyw ~ oo Testing , ' 
eadl ct thefollo.ving Inspection 

activities: 0th er 
Activities 

Material 
Model 

Results 

35% 
55% 58% 

13% 8% 

The survey results and analysis indicate that the 

Material Model is slightly favored by experts of 

the 8 FOOT districts over the non-Material 

Model 



ij. Risk Resultsand Analyss 

Through the review of literature and the 

. interviews with experts, the research team 

identified a number of possible risk factors that 

needed further studying and analysis to 

determine their effect on the cost, quality and 

time of constructing FOOT facilities. The initial 

list of identified risk factors included: 

1. Unqualified person conducting ·sampling. 
2. Inadequate number of samples collected. 
3. Biased collection of good samples. 
4. Change of original sample location .if the 

tester fails to take it in time. 
5. Specimen collected not meeting 

specifications. 
6. Specimen damage during transportation. 
7. Specimen stored in non-standard 

conditions. 
8. · Specimen damage during storage. 
9. Specimen damage during handling and 

before testing. 
10. Unqualified person conducting VT. 
11. Faulty testing equipment used. 
12. Inadequate maintenance of testing 

equipment. 
13. Testing done not in accordance with 

standards. 
14. Quality could be negatively affected if 

split sampling used. 
15. Quality of inspection ~s sacrificed if 

inspectors are required · to conduct both 
inspection and material testing. · 

16. Quality of material verificatio~ testing is 
sacrificed W inspectors are required to 
conduct .both inspection and material 
testing. 

The main steps of the risk analysis s!udy are 

as follows: 

1. Identify typical risk factors involved in 
both the Material and non-Material Model 
projects by performing a literature review, 
interviewing experts, ·and collecting 
survey questionnaire data. 

2. Assess the probability of occurrence of 
each identified risk factor by surveying 
experts. 
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3. Assess the impact of each risk factor - in 
case of materialization - oil cost, time, and 
quality of construction. 

4. Calculate the risk score by multiplying the 
probability of occurrence by the impact. 

The risk analysis study followed the 

recommendations of ·the Project Management 

Institute's Body of Knowledge (BOK) [9]. 
According to these recommendations, a matrix is 

designed to define the levels of impact of risk on 

time, cost, and quality of completing FOOT 

projects, as shown in Table 6. The matrix is 

incfoded with the survey to insure that all the 

experts ha_ve the same level of understanding the 

impact scores. 

~ .!:: 
"' <I) e 
(.) ~ 

.£ .!:: e 
V, 

(.) -a <I) 
>, 0 Cl ::i 

== (.) 

'$. 
a 

ca '$. 
0 0 

::, ""' 
N 

I\ I\ 
0 
,::, .!:: C 

<I) ca e N "' -a .,;- (.) 0 e ::i >< 0 .!:: - (.) a "i: <I) 

0 Cl -0 ca 
:E Cl) ~ e E "' 

~ e .£ 0 i= "' ~ -a (.) e ·Cl ::i 

"' C (.) '$.a 0 .!:: >, '.=! .!:: -~ .;. -"i: 0 Cl) a: .!:: > - <I) ~ 
Cl) 

0 E ~ .£ "' ~ ..-; ~ e ~ - e (.) -a u 0 '$. '$. (.) 
<I) ::i (I) 

ca tr) v3 tr) .!:: Cl a a: Q. V V '$. 

.E tr) 

~ V - <I) 

~ 
Cl) 

0 
~~ § "' E E .!:: j5 

"' "' "' ~ (I) (.) (.) e (.) ca 
c6 t;:: · - t;:: (.) t;:: 

"' -= I-
:~~ ·a -= ·a· "' ~ci e ::i > ·&° ~ 00 (.) 

Cl) .5 .§ 
·;;; <I) 

..J -= u -= Cl 
f-co 

Cl) 

:a 
~ ca ~ ! I- ~ j:: 0 
C, 

Also, according to the BOK 
recommendations, a risk severity score matrix is 

designed as shown in Table 7. This matrix 

represents the combined outcome of the 

probabilities of occurrence of risk factors and 
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their expected impact. This matrix is also used to 

score experts responses to the survey 

questionnaire and ·identify the risk severity 

score, as shown in Table 8. As shown in this 

table, the majority of risk factors are of a low 

score except for 5 factors. 

Table 8: Expert Response Summary 

Source of Risk Parameter Impact Probability Risk Sev erity 

Time 

-■ 
0.01 Low 

Unqllalified person conducting 
Co~t Erl ,: 0.01 LO'IN 

sarnplmg 
Ol.la!ily Ea 0.02 Low 

Time 

El■ 
0 .0 ·1 Low 

Inadequate number of samples 
Cost El I 0.01 Low 

collected 
Oualily Em 0.02 Low 

rime 

ID■ 
0.00 Low 

Biased collection of good 
Cost 11:D I 0.01 Low 

sample£. 
Ol.llllly ID 0.04 Medium 

Change of original sample Time 

ID■ 
0 .01 low 

location if the tester fails to take it Cost EB , .. 0 .01 Low 

inbme Otialily mm 0.01 Low 

Tam 

ID■ 
0.03 Low 

Specimen collected not meeting 
CO$t ED I 0,02 Low 

spec1ficat1ons 
Quallly ED 0.04 Medium 

nrni 

ID■ 
003 Low 

Specimen damage during 
Cost Ell I 0.03 Low tr anspcrtat1on 

Quality BUI 0.02 Low 

Time 

ID■ 
003 Low 

Specimen stored in non-
Cost ml ,. 0.03 LO'N standard cond1t1ons 

QUallty Ell 0.02 Low 

Tm 

ID■ 
0.02 Low 

Spec1rnen damage during 
Cost ED , 0.03 Low stQrage 

Quality mg 0.02 Low 

Tlmt ID- 0.02 Low 
Specimen damage during 

Co\lt mm •· 0.02 Low handling and before testing. 
01.1allty Em 0.01 Low 

~ -- 0.01 Low 
Unqualified person conducting 

Coet ~ • · 0.02 Low ./T 
Quality Em 002 Low 

T!mt 

-■ 
0.02 Low 

Fault; testing ;iqu1pment used C()&t E!I ,: 0.01 Low 

Oulllity Elli 0.04 Medium 

Time 

-■ 
0.03 Low Inadequate maintenance of 

Collt El · ~ 0.01 Low te,;t1ng eqwprnent 
Quality Em 0.05 Medium 

T esbng done not 111 accordance 
Time 

El■ 
0.03 Low 

with standards CJ>$t El , . 0.03 Low 

Otooity Im.I 0.05 Medium 

Oual1~; could be negat1vel1 Time 

-■ 
0.00 LO'# 

affected 1f split ~ampltng used Cost Ei,I , . 000 Low 

Oudty El 001 Low 
OualitJ of inspection 1s sacrificed Timt 

-■ 
0 02 Low 

it 111spedo1, a1e rt:quired to 
Ci>ft • •·· 002 LOIN conduct both inspection and 

material testing twallty DI 0.04 Low 

Oual1t1 of material ,e11fication Tlmt 

-■ 
0,02 Low 

testing ,s sacrificed if inspectors 
Cost 

,--- " ' . 
0.02 Low are reqwred tc:, conduct bath m inspe•:tiM and n1atenal testing <Milly 0.04 Low 
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7. Cos RESJlts 

Activity-Based Costing (ABC) was used as a 

method for analyzing cost and understanding the 

various activities involved in material sampling, 

and testing. ABC is an accounting methodology 

that assigns costs to activities rather than 

products or services. In order to correctly 

associate costs with products and services, ABC 

assigns costs based on the use of resources to 

accomplish an activity, then assigns costs to cost 

objects. The process of identifying the activities 

and their relevant costs is called value chain 

analysis. In the present case, the two main 

activities to be analyzed are sampling and 

testing. All other activities were found to be 

similar under the Material and non-Material 

Models. Another difference between the two 

models is in the overhead cost, which differs 

based on the district size, number of projects, 

number of employees and other factors that 

affect the overhead cost calculations. Due to the 

difficulty in estimating the overhead accurately 

from district accounting systems, the research 

team decided to analyze the expected costs of a 

hypothetical project under the Material and non

Material Models. To analyze these costs, 

different processes, equipment and personal 

used in the example project that involved adding 

two lanes for both ways of an existing four-lane 

road were compared. The road was assumed to 

be 10 miles long. Five miles of the road are 

flexible pavement and the other five miles are 

rigid. Through this example, the team found that 

the only difference between the two models was 

in the verification testing part. The example was 

provided through the survey to the experts and 

the district construction and material offices to 
estimate the required resources for the project. 

In addition, the survey included a question 
about the percentage of time a CEI inspector 

spends on testing, inspection and other 

responsibilities. The result analysis found that 

the average percentages of time were 30%, 62% 

and 8% respectively. The survey example also 



~evealed that the 10-mile widening road 

- construction project ( under the assumption of 6 

months total project duration) needs on average: 

1.6 Lead Inspector whose expected average 
hourly rate is $24.57 

- 3.5 CEI Inspector including the asphalt plant 
inspector and aide inspector with average 
hourly rate ~ 19. 05 

The results of the survey -giveri _ in Table 9- -

are plann·ed to be incorporated in a solid cost 

analysis model at a later stage. 

Table 9. Summary of Survey Questionnaire 
on the Example Road Project · 

J. Condusion 

The majority of interviewed experts (52%) 

indicated that CEI teams should be relieved from _ 

performing verification testing activities in order 

to focus more on inspectio·n activities. In 

addition, a majority of 56% of the experts 
believed that verification testing should not be a · 

core responsibility for CEI teams. Experts were 

divided on whether this should affect the skills 

of CEI teams or not. 

The risk analysis indicates no apparent severe 

or high risk factors have been reported through 

the survey. Five factors of medium severity 
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score have been identified. These quality-related 

factors are as follows: 
1. Biased collection.of good samples. 
2. Specimen collected not meeting 

specifications. 
3. Faulty testing equipment used. 
4. Inadequate maintenance of testing 

equipment. 
5. Testing done not in accordance with 

_ standards. 
These factors should be carefully monitored 

by CEI team in the · field to minimize their 

potential negative impact on quality control. 

· The analysis of the survey questionnaire 

i~dicates that on average 30% of CEI work time 

is spent · on testing. In comparing the costs 

related to Material Model Verification Testing to 

those of the non-Material testing, it appears that 

the Material Model system is more cost efficient 

than the non-Material Model system. However, 

it might be too early to tell before incorporating 

the cost values in a more thorough analytical 

study. 
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Abstrad 

Internet communication technology 
(ICT) has undoubtedly impacted the · way 
individuals and businesses receive and proce~s 
information. Governments, without exception, 
are quickly becoming sensitized to how digital 
systems can be used to improve operations and 
services. Websites and web portals, the 
preferred electronic systems used by 
governments and businesses, are being widely 
implemented across the globe-regardless of 
how developed the nation-state is or what 
government type is prevalent (Stoltzfus, 2005). 

While digital communication systems 
are being designed to link government 
organizations and government stakeholders, 
developing nation-states lag behind their more 
developed peers (Sagheb-Tehrani, ·2007). As 
many scholarly works are quick to point out, the 
challenges facing developing nation states (i.e. 
political instability, infrastructure needs, poor 
education, corruption etc.) exacerbate typical 
management and strategy problems that are key 
to successful e-government · project 
~mplementation. 

This ·article reviews current e-
government success stories, corporate e-business · 
initiatives for large-scale change, and_ current 
scholarly works on the challenges and strategies 
for e-government in order to provide a practical 
approach to citizen-centered and agency
centered e-government projects in developing 
nations. Unlike other works, · this article also 
reviews the potential barriers developing nation
states may face when impl'ementing digital 
communication systems that impact governance 
of the nation itself. E-governance systems, by 
their very nature, can be second-order (large 
scale) governmental changes with risks that 
cannot he mitigated by citizen-centered . or 
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· agency-centered e-government imple~entation 
strategies (Rahman, 2007). 

1. I ntrodudioo 

The world · is in flux. Individuals, 
businesses, and governments in every corner of 
the world find themselves in . the midst of the 
digital age-an age where change is accelerated, 
complex, .and commonplace. Information has 
become available in unprecedented levels, 
obsolescing traditional forms of control and 
information exchange. Businesses and 
governments that fail to drive innovation risk 
becoming outdated and irrelevant-both locally 
and globally. Successful businesses have long 
realized the potential of e-commerce and e-

. business in order to stay competitive and drive 
growth. Most governments, however, find 
themselves far behind _the digitization of the 
business sector . or are unable, in general , to 
implement e-government services at all. While 
many governments have embraced and joined 
the digitalization of society, there are still many 
nation-states who find themselves on the outside 
looking in. Whether due to an insufficient 
communication infrastructure, low technical 
and/or computer ·literacy, limited access to the 
Internet, insufficient political stability, or a 
resistive culture (Sagheb-Tehrani, 2007}; 
developing n~tions are clearly "below" the e
government implementation curve. 

This article reviews and summarizes e
government types and focuses, e-government 
phases, the reasons for developing e
government, the challenges with e-government 
implementation, and concludes with strategies 
for e-government implementation. By focusing 
on developed nation e-government projects and 
large-scale corporate examples, this article will 



postulate a theoretical appr?ach _for facilitat~ng 
e-government implementat10n m developing 
nations regardless ofe-government type. 

2. E-Government Typesand Focuses 
The exact definition of e-govemment 

varies throughout many texts. For the purposes 
of this article, we wi II define e-government as 
"the use of information technology, specifically 
the Internet, to deliver government information 
and services to citizens (G2C), businesses 
(G2B); and other government agencies (G2G)" 
(Stoltzfus, .2005). We will categorize e
government into three .types of high-level web 
activities: e-governance, e-knowledge, and e
services. E-services will refer to the more classic 
definition of e-government-the digitalization of 
government services. £-governance will refer to 
projects that connect the governing aspects of a 
nation-state between citizens, stakeholders, and 
government officials; and e-knowledge will refer 
to the digitalization of government data for 
general availability and use (Stoltzfus, 2005). 

Within e-government, two different 
focuses, or approaches, can be used to cr.eate and 
drive e-government projects: citizen-centered 
m1ttat1ves and · agency-centered initiatives. 
Citizen-centered projects are created based on 
local citizen needs. E-systems are explored, 
chosen, and created with the intent of improving 
government to citizen communication in any of 
the three e-government types ( e-governance, e
service, and e-knowledge ). While these systems 
may be mainly focused on services (i.e. 
healthcare, taxes, or_ employment), e-governance 
and e-knowledge systems should become viable 
and useful as a nation-state transforms itself 
from an industrial-based to a knowledge-based 
eponomy (Rahman, 2007.). Agency-centered 
projects · are created for botft business and inter
government needs. These systems strive to 
replicate the efficiency of business enterprise 
systems by reducing waste, duplication, and 
cycle time between individual government 
agencies and businesses themselves. Early e
government mandated initiatives in the United 
States targeted agency-centered projects to 
reduce operational costs, upgrade legacy 
systems, and improve information management. 
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Examples include IT upgrades at the Internal 
Revenue Service (Harris, 2005), a central 
monitoring system for drugs at the Food and 
Drug Administration (Wecsler & Breitstein, 
2005), and updated carrier computer systems at 
the Transportation Security Administration 
(Doyle, 2005). 

3. E-Government Phases 
Most researchers agree that e-

government, in general, is an incremental 
process that begins with displaying basic 
information and ends with interactive 
democracy. Between these two endpoints, 
various levels of partial-service and integrated
service systems exist (Stoltzfus, 2005). The 
movement through these phases is generally 
considered linear and is most applicable to 
nations with a stable political system and a well 
developed ICT infrastructure. 

While the framework above is useful for 
developed nation-states, Lagzian's (2007) 
theoretical framework for non-JCT traditional 
governments is more appropriate for 
comparisons in early stage developing countries. 
Instead of breaking e-government into linear 
phases based on ICT accessibility, Lagzian 
breaks e-government into phases based on 
government challenges. Challenges can be 
expected in three main government stages: 

1. During the initial shift from the 
traditional bureaucracy model 

2. During government transformation 
3. During seamless government 

Note: Seamless government is commonly 
referred to as interactive democracy and is 
defined as the ultimate step in e-government, in 
which a "threading together" of citizens, 
businesses, and governments occur within a 
nation (Stoltzfus, 2005). While both 
frameworks effectively parallel each other, 
Lagzian's specific focus on the initial shift of a 
government will allow us to explore e
government challenges in a more appropriate 
context to developing nations. 



4. ReaS11sd a-Government 
In order to provide a potential solution 

path for developing countries, the motivations 
· .behind e-government initiatives must be 

explored. By identifying the main sources of 
innovative behavior, proposed solutions can 
target key areas to dr-ive successful e
government adoption. 

While many reasons are used to . 
rationalize the initiation of e-government 
projects, the most frequently cited reason is how 
e-systems can improve and expand 
communication between government and all 
stakeholders. Citizen demand for these 
improved services can play a strong role, 
especially in developed and developing 
countries with a strong communication 
infrastructure. In these environments, business 
enterprise solutions have encouraged tHe use of 
the Internet to facilitate transactions (Stoltzfus, 
2005). Once citizens and businesses are exposed 
toe-solutions, stakeholder pressure is exerted on 
the government to provide comparable systems_ 
for traditional services. -

Another significant reason for initiating 
e-government comes from globalization. As the 
world becomes more connected, nation-states 
have begun to realize that power and stability 
will be increasingly related to e-government. 
While this reason for e-government 
implementation runs contrary t~ citizen:.centered 
and agency-centered motivation, the possibil_ity 
of being on the outside of the digital world is not 
acceptable (Stoltzfus, 2005). · As . noted by 
Stoltzfus (2005), this reactive position to e
government in~inuates that nation-states believe 
they can legitimize themselves on the global . 
stage by implementing such systems and 
reforms. 

5. Challenges 

The challenges nation-states face during 
e-government implementation are significant 
and are present in every e-government phase and 
stage of development. In reference to 
developing nations, the initial shift in the 
traditional model of a bureaucracy can be the 
most critical. In this section, we will identify 
common and phase specific challenges. 

97 

Proceedings of the 2009 IEMS Conference 

Common Challenges 

Characterizing e-government 
implementation as difficult to achieve is an 
understatement. Studies completed as early as 
2002 show that 60% efall government agencies 
fail or fall short of e-government modernization 
efforts (Stoltzfus, 2005). With app~oximately I 
out of 3 ICT projects in the business world 
failing ·(Krigsman, 2007), it is not unreasonable 
to imagine government projects with twice the 
failure rate. Cited rea~ons for e-government 
pr9ject failures are listed below in no particular 
order (Rahman, 2007). · _ 

_ l. Mismanaged projects, spurred forward 
in the name of e-development 

2. Improper and/or inadequate monitoring 
3. A poor or nmi:-existentimplementation 

plan 
4. Unbalanced funding with poor 

al location of resources 
5. Lack of skilled personnel 
6. Lack of vision at the central government 

level and with development partners 
While businesses are not immune to the 
challenges listed above when implementing e
systems, failures in e-government are amplified 
by "bureaucratic bloat". Bureaucracy 
complicates projects when government officials 
become consumed with bargaining, political 
favors, and lobbying. These obstacles can 
significantly impair ICT efforts by misdirecting 
managers and improperly funding unimportant_ 
projects (Turban, Leidner, Mclean, & Wetherbe, 
Information technology management, 2007). 

Apart from project management 
shortcomings, congruency with citizens and 
businesses can dramatically affect e-government 
success. Citizen-centric e-services, in ·particular, 
are susceptible to marketing related oversights: 
When government does not align e-services with 
citizen or market demand, adoption will not 
occur. For example, if citizens view an e-system -
as unnecessary, the system wilt not be used. The 
digital divide can also significantly impact 
citizen adoption of e-services. In this situation, 
citizens who would use the service are unable or 
unwilling to actually access the system due to a 
lack of an Internet connection or due to cultural 
resistance (Phippen & Lacohee, ·2006). In both 



cases, governments ·in all stages and phases tend 
to fail on two critical marketing fronts : 
identifying the target market and failing to 
promote the product. 

Initial Shift Challenges 

As discussed in the introduction, 
insufficient communication infrastructure, _ low 
technical literacy, limited access to the Internet, 
insufficie_nt political stability and corruption, and 
a resistive culture in developing nation-states 
will exacerbate the common challenges I isted 
above. In particular, limited communication 
infrastructure is a significant barrier as it is 
capital intensive and requires a relatively hi'gh 
level of technical aptitude to install and 
maintain. As a result, developing nation-states 
have an uphill battle to solve multiple factors 
that are difficult to work in tandem. 

The initial shift within the traditional 
model is . where developing countries will 
encounter unique_ e-government challenges. In 
the author's opinion, this stage is the most 
resistive and complex of challenges for e
govemment. Since the strategic object of e
govemment is to support and ·simplify 
governance betw~en all stakeholders, successful 
implementation will be more than just creating 
websites on the Internet. In fact, experience in 
developed countries shows that in order to 
achieve this level of simplification and 
flexibility, governments must be willing to 
decentralize responsibilities (Rahman, 2007). 
From the perspective of power and authority, the 
e-govemment · development process is a 
paradigm shift from the existing traditional 
structure, and the readiness of the hureaucra9y to 
move forward with such a change will be critical 
to success (Sagheb-Tehrani, 2007). 

Seamless Challenges 

Many international reports claim no 
country has reached the seamless stage of e
govemment. As a result, clearly identifying 
challenges in this stage may be premature. 
However, in context to seamless government 
goals, we can infer that the most likely issues 
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will be operational related hurdles of integration, 
security, and privacy (Sagheb-Tehrani, 2007). 

For example, in the post-9/11 era, 
security and privacy have become critical 
elements for e-service projects m 
transformational developed nation-states 
(Stoltzfus, 2005). "From the public's 
perspective, government is seen as one entity; 
hence, a security problem within one agency 
may be viewed as a failure of the whole of 
government process" (Smith & Jamieson, 2006). 
Failing to maintain security and privacy in an 
increasingly connected world can result in 
rejection of e-services by citizens and other 
stakeholders, thus, defeating the intentions of e
government in general. 

6. Strategy Coo<B"nsfa Developing 
Nation-sates 

The challenges developing nation-states 
face with e-govemment initiatives are complex 
and numerous. Within this web of guidelines 
and obstacles, nation-states are required to make 
decisions that could run contrary to traditional 
bureaucracy controls (as noted above). The 
solution strategies in the subsequent section 
must be taken in context to the discussion points 
below, as they are critical to developing 
countries. 

Transparency 

Policymakers of traditional 
governments, in particular, can view the Internet 
as a means to empower the state. This view runs 
opposite to e-government goals of transparency 
and increased responsiveness of government to 
its citizens (Stoltzfus, 2005). Traditional 
governments may be tempted to pursue e
governance to increase the perception of 
increased participation in order to partially 
achieve . the benefits of seamless government. 
By becoming an avenue for citizens to relieve 
civic tensions, increased stability may be 
achieved even if the e-systems have no actual 
impact on government policy (Stoltzfus, 2005). 
Personally, the author believes that achieving 
such a deceptive system is self-defeating. Such 
a system would require an incredibly repressive 



&nd authoritarian government with near 
-complete control of the flow of information. 
Complete control would be increasingly difficult 

- to maintain since improvements to the 
communication infrastructure itself will generate 
more information paths than any government 
can actually respond to. Thus, a subversive 
attempt to use e-government to control citizens 
and stakeholders, through the perception of 
increased participation, is not recommended. 

E.:;government systems will be 
transformational and will decentralize power. 
Therefore, nation-states pursuing e-government 
in the initial shift phase must recognize that 
internal barriers will be the most difficult to 
overcome. E-government programs should be 
placed in context to actual government goals and 
an overall vision should recognize the different 
arms of the government. Above all, these nation
states· must be aware and ready for the changes 
to come. 

Readiness/When to Adopt 

A nation-state will be ready to initiate e
government programs once government 
awareness and acceptance, infrastructure, and 
adequate human resource development needs are 
addressed. Within infrastructure, five key areas 
must be considered: the national and global 
environment Internet usage, demand, and 
capacity to leverage (Rahman, 2007). A 
comprehensive government plan must address 
these areas for e-government . initiatives to 
succeed. 

Culture and Engagement 

· · Resistive culture and citizen 
engagement is not a specific issue to only 
developing nations. For example, a UK citizen 
survey conducted in 2006 showed only 1 in 10 
citizens used online government services and 
only 12% of adults had ever accessed an online 
channel to communicate with officials (Phippen 
& Lacohee, 2006). Note: As of 2005, the UK 
ranked fourth in the e-Government Readiness 
Index and ranked first in the e-Participation 
Index (Rahman, 2007). - Clearly, c1t1zen 
awareness can be detrimental to e-government 
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success, even when e-systems are successfully 
created. Developed nations are also not immune 
to the digital divide. Case in point, only 17% of 
citizens -in Greece_ have · weekly access to the 
Internet (EIU ViewsWire, 2008). Left 
unchecked, the digital divide will alienate 
sectors of society -as the world becomes 
increasingly dependent on the Internet. 

. With critical success factors for e
government including adequate financial and 
staffing resources, standardization, and a focus 
on citizen-centric programs (Stoltzfus, 2005), 
development _ of e-syste~s should not be in 
isqlation. Advancements in JCT occur quite 
rapidly and without exposure from the global 
community, closed developments will risk being 
passed technologically-particularly in security 
(Turban, Leidner, Mclean, & Wetherbe, 
Information technology management, 2007). 
Furthermore, nation-states with a limited supply 
of technical or computer literate personnel may 
find developing their own e-systems from 
ground zero to be long-lived and costly. 

Pervasive Corruption 

While various forms of corruption exist 
in all governments (regardless of phase or type), 
developing nations with a culturally supported 
corrupt political structure face one of the most 
significant challenges during the initial shift. 
Unlike sporadic government corruption, 
culturally supported corruption defines how a 
government works and responds. In this system,_ 
corruption is prevalent in every level and is 
supported by the base of society. With 
corruption so widespread and accepted, normal 
efforts to reduce · or eliminate corruption by 
introducing certain e-systems will be ineffective 
since the lower government levels win refuse to 
adopt the new system. Many scholars regard 
dysfunctional· and corrupt governments as a lack 
of government; however, it is the opinion of the 
author that a government with culturally · 
supported corruption is actually the traditional 
bureaucracy within that nation. As such, 
pervasive corruption should be treated as 
another barrier within the power and authority of 
existing federal, state, and l?cal governments. 



7. . Solution Strategies 

Within this section, specific strategies 

Presented to hefp reduce the impacts of e-
m . d 
government challenges. Busmess an 
government examples . of succ~ssful e-

emment initiatives will be reviewed and 
gov . 1 . fi 
leveraged in a final theoretical so ut1on set or 
developing nations. 

Engagement 

A major critical success factor for e
govemment implementation is the presence of 
demand. Whether projects are citizen-centered 
or agency-centered, improving communication 
and services is far easier to achieve when 
demand is present. Strategies for improving 
adoption of e-services by leveraging demand are 
as follows (Bertot, Jaeger, & McClure, 2008): 

I. Design a comprehensive plan for user
centered service, including identification 
of°the target audiences, support goals, 
information needs, key milestones, and 
necessary resources to complete the 
project 

2. Assess user information needs; 
including how users solicit expertise, 
how they acquire the information, and 
how they use the information 

3. Understand user ICT availability and 
preference-mitigate or avoid digital 
divide and resistive culture challenges 
when appropriate 

4. Engage users from the bottom-up; build 
e-systems with user input on what they 
would see or want 

5. Evaluate e-government services after 
launch for continual improvement_: 
have a budgeted plan to ensure success 

6. · Form community based partnerships to 
ease transition to e-systems and to 
provide local technical support and 
marketing 

Community based partnerships can be vital to 
adoption for the targeted audience. These grass 
root efforts help ease transition to e-systems and 
can prevent culture shock. For example, a recent 
US study showed citizens seeking help with e
govemment sites routinely visited Public 
Libraries. Cited reasons included: - lack of 
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Internet access, lack of computer literacy, unable 
to understand the service itself, and the need to 
ask an individual for help instead of an 
automated response (Bertot, Jaeger, & McClure, 
2008). Many of the challenges associated withe
government can be abated with community
based partners. 

Justifying Investment 

Just as business organizations justify the 
cost of lCT investments, governments must do 
the same. By using a value model, nation-states 
can promote performance-based initiatives to 
identify and select · needed projects. As 
demonstrated in the State of Iowa, an 
implemented value model in 2002 saved Iowa 
taxpayers $5 million in less than four years 
(Turban, Leidner, Mclean, & Wetherbe, 
Justifying IT investments in the state of low~, 
2007). During this time, political gamesmanship 
and duplication were reduced and IT department 
ownership increased. A key reason for success 
was an IT managed pool of funds in which 
agencies were reimbursed only after verifying 
expenses were needed. The Iowa model included 
a Return on Investment (ROI) calculation 
linking performance through sc?ring, 
benchmarking, and metrics (Turban, Le1dner, 
Mclean, & Wetherbe, Justifying IT investments 
in the state of Iowa, 2007). 

Managing Size 

Government institutions are massive 
entities with many arms, diverse goals, and 
countless objectives. Can entities this large 
undergo a paradigm shift? Consider the US 
federal government-even with over 2.7 million 
people employed (U.S. Census Bureau, 2006), 
the US still leads in many e-government surveys 
(Rahman, 2007). In context to developing 
countries, however, a recent example of e
governance in the State of Texas highlights a 
successful approach for a large and diverse 
region. "The state government is building on its 
e-government success and offering the 
technology infrastructure it uses to local 
governments within Texas. Local governments 
can utilize the Texas Online infrastructure to 



create their own sites, but all can be accessed 
through one portal" (Rodriguez, 2002). The top 
five trends used by the Texas portal were as 

. follows: 
1. Focus on services-show value for 

citizens 
2. Prove value or lose funding-focus on 

ROI calculations 
3. Secure a·pplications 
4. C~eate bilingual e-government s.ites 
5. Focus on community partners 

Many of these trends mirror the engagement 
strategies . listed above, thus, highlighting the 
importance of these key areas. In short, Texas is 
leveraging existing successful projects to drive 
implementation . at a grass roots level with an 
expandable, modular, and secure web portal 
design. 

leveraging Corporate Success 

Large corporate conglomerates have had 
considerable success with e-systems. One such 
company, General Electric, has a market · 
capitalization over $230 billion with 4 major 
subsidiaries, dozens of businesses, and a 
presence in over 100 countries (General Electric 
Company, 2008). GE thrives on IT 
development, and it shows in their funding and 
corporate structure. Note: GE's CIO, Gary 
Reiner, has an annual budget of $4 billion and 
reports directly to the CEO (Clovin, 2008). 

GE has such a strong emphasis on 
robust enterprise systems, that they are now able 
to sell in-house software developme.nts on the 
open market: · One such software, 
' SupportCentral' , is a collaborative workflow 
web portal with immense capability. Using ·a · 
complete web interface, ' SupportCentral' has 
over 400,000 global users, is present in more 
than 6,000 locations around the world, and is 
available in 20 different languages (Marks, 
2008). The system combines SSO (single sign
on technology) to increase ease of use and 
improve security. Similar to the Texas portal 
discussed above, the system is expandable and 
modular. The system is updated every two 
weeks, boasts a 99.9% uptime, and allows 
experts to create new sites for businesses quickly 
and easily (Marks, 2008). The system is so 
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popular with GE employees and stakeholders 
that the portal generates more than 25 million 
web hits a day (greater than employee usage of 
Google and Y aho~ combined) (Marks, 2008). 
Key factors attributing to 'SupportCentral' 
success can be summarized as follows: 

1. Pooled resources and strong central 
dire~tion 

2. Modular and Expandable--experience is 
leverage across businesses · 

3. ·secure and easy to use (SSO 
implementation, portal design) 

4. Continual updates supported with 
constant feedback 

· Standards 

As discussed above, a limited supply of 
technical or computer literate personnel in 
developing nation-states can impede e
governmerit initiatives. A proposed strategy to 
mitigate this risk is to heavily lean on 
standardization and open source software 
developers. By targeting countries (and specific 
languages) with large open-source user bases, 
ICT development can leverage existing open 
source work: Once an e-system framework is 
developed, projects can be brought "in-house" 
for customization. This strategy helps resolve 
many cha) lenges such as transparency ( open to 
the community), funding restraints (open source 
efforts can leverage volunteer programmers), 
and lack of extensive domestic technical 
personnel. 

Standardization is also vital when· 
comb~ning e-services with existing "brick-and
mortar" government and community service 
centers. Physical· government service locations 
should use and teach the same e-systems to drive 
efficiency. For example, government centers 
that register vehicles should use e-systems 
within their physical locations that mimic both 
visually and functionally, on line -service~ that 
seek to do the same. Standardization should be -
consistent across agencies to encourage adoption 
through familiarity. By maintaining a common 
interface and system design, users will be 
encouraged to migrate to the web interface over 
time. 



Security 

As cited many times within this article, 
·ty is quickly becoming a primary concern 

secun h b' . 
for all e-government initiatives. T e o ~ect1ves 
of information security should be to preserve an 

ganization's information assets and the 
or · h 
business processes they support by ensurmg t e 
following (Smith & Jamieson, 2006): 

1. Confidentiality 
2. Integrity (information is changed only 

by people and systems authorized to 

make changes) 
3. Availability (must be able to access the 

information when needed) 
By reinforcing security objectives for every · ~
government project, transparency a~d trus! m 
government will increase. Developmg nations 
are. encouraged to support ISO and other glo?al 
information security standards when developmg 
e-systems as a way to reassure local and global 
stakeholders. 

a. Coodusoos 
While this article refers to solution paths 

for developing nations, it is important to note 
that no two nation-states will have the same 
exact course. A nation-state's internal and 
external environment and unique starting point 
will significantly affect where and when an e
government program can be initiated. The 
proposed solutions are summarized from above 
and are based primarily on Organizational 
Change Theory, successful e-system 
~evelopments, and the author's own experiences 
with corporate IT: · 

1. A. communication infrastructur~ 
connecting government agencies must 
exist before even the most basic agency
centered e-governrrient projects can be 
started. £-services should be focused on 
first before e-knowledge or e
governance projects are attempted. 

2. Communication infrastructure 
· improvements and human resource 
developments (i.e. educational reforms) 
must occur simultaneously with e
government initiatives. £-government 
should be attainable and must .be made 
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in context to nation-state goals and 
objectives. 

3. Political instability and an insufficient 
legal framework can be significant risks 
to e-government. Consider combing 
initial projects with Government goals 
to increase accountability, transparency, 
rule of law, and combating corruption. 

4. Pervasive corruption within the structure 
of government can prevent even the 
most basic e-government reforms from 
taking place. In such a case, corruption 
must be made a central issue and viewed 
as an obstacle within the traditional 
government itself. Any future political, 
infrastructure, or human resource 
development project must emphasis the 
rule of law, accountability, and 
transparency. Examples that emphasize 
the cornerstones of interactive 
democracy must be made at both the 
highest and lowest levels of 
government. 

5. Community-based partnerships must be 
found and maintained to avoid digital 
divide and cultural challenges. Consider 
using existing government services or 
local public institutions (grass roots 
involvement) to encourage adoption and 
provide Internet access to those that 
cannot gain access on their own. 

6. Governments should make every 
attempt to avoid bureaucratic bloat. 
Pooled funding, project ownership, and 
strong central and independent 
technology/information leaders will 
ensure necessary projects are started and 
are successfully adopted with resources 
that are available. Governments should 
consider creating an independent 
CTO/CIO position and avoid specific 
policy decisions to force certain e-
system projects. . . 

7. Agencies and projects should stress the 
recommended project management 
strategies and leverage demand to 
encourage adoption. There should be 
continual improvement with user 
feedback. 

8. Expandable, modular, secure, and 
standardized e-systems are critical for 



both cost and t1mmg. Governments 
should consider using open source 
solutions and global standards to 
leverage a larger . user-base of 
knowledgeable personnel. E-systems 
should not be developed in isolation. 

9. Nation-states should utilize e
government assistance agencies when 
possible· (i.e. USAID, The World Bank, 
or Center for Democracy and · 
Technology) and document and learn 
from past successes and failures. In 
short, implementation of e-knowledge 
systems will accelerate and add future e
government projects. 

Nation:..states must recognize that the 
journey to seamless government is a paradigm 
shift _ that will be difficult and expensive. As 
noted by many researchers, citizen-centered 
projects are not normally cost reductions; they 
are an investment in improved communication 
which can have many intangible benefits 
(Bertot, Jaeger, & McClure, 2008). In short,' 
cost alone cannot be a primary driver for e
government. Nations must want to change the 
status quo and ~hey must be willing to challenge 
existing _ power and authority structures at all 
levels . to increase transpa~ency and 
accountabi I ity. 

As the digital economy pushes nation
states toward increasingly sophisticated 
information systems, developing nation-states 
cannot afford to resist or delay their own e
government progr~ms. In an age where public 
at-large has increasingly voiced their concern for 
government transparency and improved services, 
resistance to this demand is not acceptable. · 
Nation-states that delay risk being left behind in 
the world economy. 
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Abstrad: 

The Information System Division of a large 
retail organization develops applications to 
support the business. The information systems 
project charter is developed by the applicati~n 
development team working with the business to 
understand the scope of the proposed project. 
The goal was to get more visibility of all 
projects across the entire Senior Vice President's 
(SVP) area. The approval from the customer will 
be attained, and then the information system 
division SVP area will review the project charter 
to identify any cross-area conflicts or overlap 
and ensure that resources are available to work 
on the project. The Process and Metrics (P&M) 
team in the SVP's area had been assigned the 
responsibility of designing a new Area Council 
review proce·ss to assess the quality of the 
project charter, and incorporate appropriate 
metrics to baseline and encourage continuous 
process improvement. The Design for Six 
Sigma methodology and tools were used to 
design the new Area Council review process, 
incorporate metrics and ensure .a stable and high 
quality process was executed. 
This presentation will provide a description of 
the Design for Six Sigma tools and method used 
to develop a new project charter review process 
within the information systems division. Over a · 
three month period, the quality of the project 
charters improved by 19%, after the newly 
designed process was implemented. 

I ntroductioo 

The Information System Division of a large 
retail organization develops applications to 
support the business. The information systems 
project charter is developed by the application 
development team working with the business to 
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understand the scope of the proposed project. 
The goal was to get more visibility of all 
projects across the entire Senior Vice President's 
(SVP) area. The Pro_cess and Metrics (P&M) 
team in the SVP's area had been assigned the 
responsibility of designing a new Area Council 
·review process to assess the quality of the 
project .charter, and incorporate appropriate 
metrics to baseline and encourage continuous 
process improvement. The Design for Six 
Sigma methodology and tools were used to 
design the new Area Council review process, 
incorporate metrics and ensure a stable and high 
quality process was executed. 
This paper will provide a description of the 
Design for Six Sigma tools and method used to 
develop a new project charter review process 
within the information systems division. Over a 
three month period, the quality of the project 
charters improved by 19%, after the newly 
designed process was implemented. 

Identify Phase: 

The main purpose of the Identify phase is to 
understand the opportunity and business that 
needs a new process to be designed, and to 
de~elop a project charter and appropriate scope 
to design the process. The main activities in the 
Identify phase are to: 1) Develop project 
charter; 2) Perform stakeholder analysis; and -3) 
Develop project plan. 

Desim fa Six Sicma Prgea Charter-: 

The Process and Metrics (P&M) team in the 
Information System Division's Senior Vice 
President' (SVP) area has been assigned the 
responsibility of designing a new Area Council 
review process to assess the quality of the 
project charter, and incorporate appropriate 



metrics to baseline and encourage continuous 
process improvement.. . 
Following are the sections that compnse the 
application development team's ~rojec! charter, 
which defines the problem to be mvest1gated. 
The project charter is developed by !he . 
application development team workmg with the 
business to understand the scope of the proposed 
project. The project c_harter include~ a 
description of the bus mess opportunity, 
identification of the customers and stakeholders, 
the goals and objectives of the project, as wel! as 
the metrics that assess the successful completion 
of the project. The project charter also includes 
identification of the potential risks that could 
prevent the project from being successfully 
completed, and the assumptions that are 
assumed to be true. An initial estimate of the 
resources and project costs and the hard and soft 
benefits for doing the project are also assessed. 
The hard benefits identify financial savings that 
impact the financial statements, while the soft 
benefits include cost avoidance and intangible 
benefits to the business for doing the project. 
The customer signatures signifying buy-in to the 
project are also included on the project charter. 
The division's Program Management Office 
(PMO) provides project management standards, 
guidance, and training to the division. They have 
recently decentralized the project charter 
approval process to the senior vice presidents' 
(SVP) areas. The approval from the customer 
will be attained, and then the infoqnation system 
division SVP's area will review the project 
charter to identify any cross-area conflicts or 
overlap and ensure resources are available to 
work on the project. . 

CusaneniStakeholder Analysis 

The primary stakeholders are the management 
team, who will review and approve the project 
charters, the project leaders, who will develop 
the project charters, and the Process and Metrics 
team, who wi II execute the process. The 
secondary stakeholders are the customers, who 
the application development teams are 
developing applications for, and the Program 
Management Office, who develops and ensures 
divisional standards are followed. 
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Figure 1 shows the primary and secondary 
stakeholders for the discipline process, and their 
major concerns. Note"+" represents a positive 
impact or potential improvement, while"-" 
represents a potential negative impact to the 
project. 

Define Phase 

The Define phase of the ID DOV process is 
designed to gain information on the Voice of the 
Customer to understand the needs of the 
customers and begin translating those customer 
requirements into the processes' technical 
elements. The main activities of this phase are 
to: 1) Collect VOC; 2) Identify CTS measures 
and targets; and 3) Translate VOC into technical 
requirements. 

Data Collectioo Plan and Voimc1 
Custaner: 
The Data Collection Plan summarizes the 
potential metrics and how we would collect data 
to measure the metrics. This will include 
information on a proposed process and Voice of 
the Customer information. The Voice of 

. Customer data collection consisted of 
interviewing the stakeholders to understand what 
is critical to their satisfaction for the new 
process, as well as harvesting information on 
similar processes, and data related to initial 
design thoughts for the process. 

The Senior Vice President (SVP), the Vice 
Presidents (VP), the Directors, Program and 
Project Leaders, the Process and Metrics team, 
the Enterprise and Solu6on Architects who 
provide cross-area planning of information 
system blueprints and roadmaps, and the PMO 
were all interviewed to derive the CTS. 
To measure the timely process, we would track 
that the Area Council review process is held 
every first and third Tuesday of the month. To · 
help meet the CTS' for having a high quality 
process with metrics and accurate project 
information, we built a scorecard that would 
assess both format and quality of the content on 
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-Figure 1 Stakeholder Analys_is Definition and Commitment 

Stakeholders Who Are They? 

Management team 
VPs, Directors, team managers who 
manage the development teams. 

Project leaders 
VPs, Directors, team manage_rs who 
manage the development teams. 

Responsible for improving the 

Process and Metrics 
internal application development 

team 
life cycle processes, and providing 
metrics to ensure quality and 
timeliness of project deliverables. 
Responsible for improving the 
internal application develop_ment 

Business customers life cycle processes, and providing · 
metrics to ensure quality and 
timeliness of project deliverables. 
Responsible for improving the 

Program 
internal application development 

Management Office 
life cycle processes, and providing 
metrics to ensure quality and 
timeliness of project deliverables. 

the project charter. The format scorecard 
criteria would ensure that all of the required 
fields are completed. The content scorecard 
criteria would assess the quality of the 
information in the fields against the project 
charter standard documentation·. To assess the 
ability to make go/no go decisions on the 
projects, the percent of projects reviewed and 
approved or deferred will be tracked at the 
review meetings. The visibility of projects 
related to programs can be tracked by counting 
the number of projects that have a program 
identified with it. 

Critical to Satisadioo Summary: 
The Voice of the Customer provided insight into 
the Critical to Satisfaction criteria for the 
project, summarized below: 
• Timely Process 
• High Quality Process with metrics 
• Accurate information 
• Ability to make decisions, go/no go on 

projects 
• Visibility to program/project relationships 
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Potential I rrpd or Commitment 
ConcBns 

• · Simple process Strongly . Timely process .. support . Project visibility . Approval to continue Moderate 
with the project ' against . Timely process . Manageable process 

. Simple process Strongly . Measurable process support . High quality process 

. Deliver needed Neutral 
functionality . Delivery in a timely 
man_ner . Consistent process is Neutral 
followed 

Quality Functioo Deployment ( QFD): 

The QFD House of Quality was used to ensure 
alignment between the customer and stakeholder 
needs represented by the Critical to Satisfaction 
criteria and the technical requirements of the 
process design. After collecting the Voice of the 
Customer information that al lowed insight into 
the Critical to Satisfaction criteria summarized 
across all of the stakeholders, the Process and 
Metrics team brainstormed the critical elements 
to be designed into the new process (technical · 
requirements). The House of Quality is shown . 
in Figure 2. The Process and Metrics team 
assessed the strength of relationship between the 
Critical to Satisfaction criteria and·the design 
criteria. An importance rating was assigned to · 
each of the CTS, which was then multiplied by 
the relationship ratings, to derive a relative 
weighting of the technical requfrements. An 
Area Council SharePoint (Microsoft intranet 
website software) would be a way to provide a 
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Figure 02 Quality Function Deployment House of Quality 
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workflow and facilitate the review process. 
Executive approval is another critical element 
that should be designed into the new process. 
Without it there is little chance for the 
organization to see the value of the reviews, if 
!he management team is not on-board. Detailed 
procedures and a process map will provide clear 
definition .of the process and can be used as a 
training guide, along with workshops to train on 
the process. A scorecard-with definitive criteria 
for assessing the format and'quality of the 
project charter content is the next most · 
important design criteria, followed by the need 
for the Process and Metrics team to review the 
project charters. This will ensure consistency of 
the measurement process. A stakeholder survey 
is the last design criteria that could be used to 
validate the new process. 

I 4 I 6 
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Desg1 Phase 

The Design phase of the DFSS process is 
focused on designing a process and the potential 
failures so they are reduced or eliminated with 
the potential to achieve a six sigma quality level. 
The main activities of this phase are as follows: 
1) Identify process elements; 2) Design process; · 
and 3) Identify potential risks and inefficiencies. 

Proooss Map: 
The team developed the critical elements to be 
incorporated into the process as follows: 

• ·Management commitment and review. 
• Metrics to encourage continuous 

improvement. 
• Area review meetings on the first and 

third Tuesdays. 
• Development team and VP area reviews 

project charters before going to the Area 
Council. 
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figure 03 Process Map 
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• SharePoint will be used to manage Area 
Council workflow and agenda. 

• · Criteria will be set to review certain 
projects across the entire division. 

• Skills need to be transferred to project 
leads to develop high quality project • 
charters. 

• Process needs to be simple and based on 
voice of customer input. 

The team designed the new process using the 
Voice of the Customer information, and the 
process elements as a guide. Tlie process map is 
shown in Figure 3. 

Failure Mode and Effect Analysis 
(FMEA): 
The team created a Failure Mode and Effect 
Analysis, brainstorming potential failures in the 
project charter review process. The highest 
RPN based on the severity, occurrence and 
detection, included res·ources ·not being 
available, a project not getting marked as 

6. Pass 
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8. Schedule for 
Yes Review 
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approved, a scorecard not being created, and a 
project charter not being reviewed by the team 
prior to being reviewed by the Area Council 
team. We identified and incorporated a 
recommended action into the process and 
procedures based on the potential failures. 

ProoossAnalyss 
A Process Value Analysis was performed to 
assess which of the activities provided value 
to the process. Inherently, the review of the 
project charter is an inspection step, if the 
training is done well the appropriate skills 
would be transferred to the project charter 
preparers and'a review step would not be 
necessary. However, some of the value of 
the review is to communicate which projects 
are being done across the area, and be able 
to allocate resources across the entire area. 
Only 25 percent of the activities add value to 
the process, with 7 5 percent of the activities 
being non-value added. There is still a great 
deal of opportunity to incorporate preventive 



activities and training into the process to 
further reduce the number of reviews 
necessary to get a high quality project 
charter. · 

waseAnalysis 
A Waste Analysis was performed on the 
pro~ess. The main types of waste are related to 
processing embedded in the nature of the . 
process. The project charter review process is 
being created to provide communication of the 
work across the entire area and even the entire 
information systems division, potentially share 
resources, and to ensure a high quality project 
charter. However, there are several levels of 
review, and the focus of the process should be ·to 
incorporate more up front preventive activities 
such as training to reduce the number of reviews 
necessary to get to a high quality level. When 
problems are discovered, this is a defect waste. 
There are many steps in the process that identify 
defects, and prevention activities should be 
incorporated to try to reduce or avoid the 
mistake in the first place. 

Operatiooal Definitioos 
The potential metrics were developed to ·help to 
ensure the Critical to Satisfaction criteria could 
be met. To assess a timely process, we will 
track that the Area Council review is held when 
scheduled, and the project charters that are 
scheduled are reviewed during the session. The 
target is that 100 percent of the project charters 
are reviewed when scheduled. 

To assess that a high quality process with 
·metrics was in place, we developed two 
initiation scorecards one to assess the format 
and the other to assess the quality of the con{ent: 
The format initiation scorecard verifies every 
required field .is completed. ~ The content 
initiation scorecard ensures the quality of the 
content in each field meets the standard criteria 
identified. We used the standard project criteria 
provided by the division and used them to create 
the scorecard for each field of the project 
charter. For the format, each required field was 
rated as either complete for 1 point, or as a O 
denoting a missing field. There were a total of 
30 required fields resulting in a total nu~ber of 
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30 points. The format percentage was calculated 
as the total number of completed fields divided 
by the total number of points. For example, if a 
person missed completing 4 fields, and 
completed 26 of the fields, their format percent 
would be 87 percent (26/30). 

For the content scorecard, a Likert type rating 
scale was used, with a scale from 1 (low quality) 
to 5 (high quality) for each field. Specific 
semantic definitions were developed for the 
ratings of 1, 3 and 5. The 2 and 4 ratings are 
included to allow a rating between the other 
ratings when the field entry doesn't quite meet 
the next higher rating, or the next lowest. There 
was a total of five points for each field, 1 being 
the low rating and 5 being the highest rating. 
There were twelve different fields that were 
assessed for the content. A perfect content 
project charter would get a total number of 
content points of 60, for I 00 percent content. If 
someone received a three rating on one of the 
fields, and 5 's on all of the others, a total 
number of points received on the content 
scorecard would be 58, for a content percentage 
of 97 percent (58/60). 

The concept of the initiation scorecards is to 
help the project charter authors better understand 
the criteria for a high quality project charter, as 
well as to be used to assess the quality of the 
charters by the Area Council. Since the 
measurement against the scorecard criteria can 
be somewhat subjective, we only use one person 
to evaluate the quality of the project charters, 
until we can train others to consistently score the 
project charters. We would then perform a Gage 
R&R (Repeatability and Reproducibility) study 
to assess the consistency of the measurement 
system. 

Optimize Phase 

The Optimize phase of the IDDOV process is 
designed to implement the designed process, and 
then optimize the design by error proofing and 
further improving the process by seeing what 
worked and what did not. The main activities of 
this phase are as follows: 1) implement process; 



2) assess process capabilities; and 3) optimize 
. _ -design. · 

I mplementatioo Plan: 
The team reviewed the process map and 
procedures with key stakeholders to ensure it 
met their needs, and aligned with the divisional 
standards. They then developed an 
implementation-plan. The team also developed 
a detailed communication plan so they could 
effectively reach all of the stakeholders so they 
could understand the new project charter review 
process. The newly designed process was 
implemented at the end of February by notifying 
the entire area through an email with the new . 
process map and detailed procedure. The VPs 
and directors also communicated the new 
process to the development teams in their staff . 
meetings and town hat I meetings. The first Area 
Council was held on March 4th

• The process and 
metrics team gathered input from the 
stakeholders, and also held some focus groups to 
understand any issues and to collect 
improvement ideas regarding the process. 

ProoossCapability: 

When we implemented the process, we first 
baselined the process for the scorecard metrics 
related to the format and content of the project 
charter. The· baseline format scorecard 
percentage was 86 percent. The baseline content 
scorecard percentage was 79 percent. 

The process capability was assessed after three 
months to have enough data available for an 
adequate sampfe size. The initiation scorecard 
metrics were tracked with each Area Review to 
assess improvement from a format and content 
quality perspective. 

The format percentage and the content 
percentage against the scorecard criteria were 
graphed on p-charts. The quality characteristic 
used for the p-charts was percent of criteria met 
for both the format and content scores, and for 
each project charter reviewed per session. This 
data was collected for three months. There were 
several points that were out of control during 
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each session, when all of the data was placed on 
a control chart for the first three months worth of 
data. Assignable causes were either lack of 
training, or new project leaders were creating the 
project charters, so these points were removed to 
calculate the process capability indices. 

We calculated the format process capability to 
be 95 percent, after rem_oving the out of control 
points. After the assignable causes ·were 

· removed, we calculated the contmt process 
capabili"ty to be 96 percent. This equates to a 
sigma level of about 3.2 to 3.3 sigma, still much 
room for improvement if six sigma is our stretch 
goal. 

Revised Proooss Map: 

We held additional focus groups with the 
development team stakeholders to understand 
what worked with the process and what could be 
improved. We met with the authors of the 
project charter and Project Leaders responsible 
for ensuring that the project charters were 
reviewed by the Area Council. There were 
several elements of the process that the focus 
group attendees liked as follows: 

• 

• 

• 

• 

• 

The visibility and action items provided 
by the process and the SharePoint site. 
The set deadlines and process 
consistency. 
The ability to have input into the 
process. 
Being able to plan the review schedules · 
better. 
The scorecard helps you think through 
the criteria required on the project 
charter before sending it on for a review. 
This comment was given by someone 
that received a perfect project charter 
score·the first time she ever wrote a 
project charter. 

Some of the improvement ideas from the focus 
group· attendees were: 

• Would like to have the scorecard 
feedback to the authors. 



■ · They are not clear on who is supposed 
to do what. 

■ SharePoint navigation is confusing. 
■ What documents must be attached to the 

Share Point? 
■ Not clear on the review process. 
■ Challenging to coordinate the functional 

team reviews with the Area Council 
review. Timing of the review is difficult 
(only 1st and 3rd Tuesdays). · 

Training plans proooctures 

We developed the project charter workshops, 
and started training with the Business Analysts 
on the development teams, who create a large · 
number of the project charters. The initial pilot 
workshop went extremely well. We 
incorporated suggestions for the workshop to 
improve the workshop material. We revised the 
procedures with the revised process ideas. 

Validate Phase· 

The purpose of the Validate phase of the 
IDDOV process is to design, develop and 
incorporate controls into the improved 
processes. The main activities of this phase are 
to: 1) Validate process; 2) Assess performance, 
failure modes, and risks; and 3) Iterate design 
and finalize. 

D8Slbmrd9'Soorecards: 
The dashboard shows the initial baseline percent 
for the format and content scorecard, and the 
current percentage for the project charters 
reviewed in the current Area Council cycle, as 
well as the overall improvement since the · 
baseline. The dashboard .also shows the total 
number of perfect project charters, those that 
received 100 percent on both the format and 
content. 

HypghessTesting'ANOVA: 

HypcihessTestsfran Initial Bamine 
Reults: 
We wanted to understand if there was an 
improvement in the format and content scores 
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three months after the process was optimized 
and implemented. 

Format Scorecard: 
We first tested if the variances between the 
baseline and the more recent scores were equal 
with a Levene's test. With a null hypothesis that 
the variances are equal and a p-value of .107, we 
failed to reject the null hypothesis and concluded 
the variances are equal. We then performed a 
Mann-Whitney test to determine if there was a 
difference between the base I ine and later format 
scores. The null hypothesis was there is no 
difference between the baseline and the last two 
months of Area Council results. The conclusion 
was the test is significant at 0, so we concluded 
there is a difference between the baseline format 
median score (26.5) and the last two months of 
results (30.0), showing a significant (12%) 
improvement in the format scorecard results. 

Content Scorecard: 
We tested if the variances were equal with a 
Levene's test. With a null hypothesis that the 
variances were equal and a p-value of .235, we 
failed to reject the null hypothesis and concluded 
the variances were equal. We then performed a 
Mann-Whitney test to assess if there was a 
difference in the content scores between the 
baseline period and the last two months. The 
null hypothesis was there was no difference 
between the baseline and the last two months of 
Area Council results. 
The test was significant at 0, so we concluded 
there was a difference between the baseline 
median content score ( 48) and the last two 
months (57), showing a significant (19%) 
improvement in the format scorecard results. 

We have optimized and validated our new 
project charter review process! 

Reference: 

[ 1] Furterer, Sandra, Lean Six Sigma in Service: 
Applications and Case Studies. CRC Press, Boca 
Raton, FL, 2009 
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The Internet has been, for sometimes, a 
major source of information. This information 
comes in different sizes, shapes and forms, and 
the means and techniques to retrieve, 
manipulate, and use this data continue to present 
a problem. In a typical distributed system, like 
the Internet for example, data is extracted by 
moving a large amount of it over the network so 
that it would be available on the client side for 
use. Reasonable, or even successful, delivery of 
the needed information is totally dependent on 
the network performance and reliability: 
Furthermore, electronic commerce has gain wide' 
acceptance as a mean of doing business with 
little human intervention and a way to carry out 
commercial transactions in real time is 
necessary. If a customer wants to buy a plan 
ticket, view live stock quotes or simply wants to 
get a good deal on the newest electronic gadgets 
on eBay, an immediate access to these remote 
resources is of essence. Because mobile agents 
are reactive, autonomous, goal . driven and are 
typically situated in an execution environment, 
_we feel that using the mobile agent paradigm 
can resolve some, if not all, of these issues. For 
instance, instead of the client waiting for the · 
server to response after requesting_ specific 
information, mobile agents can be send to 
remote information source, and locally extract 
the information. This is especially of great · 
benefit if the information to be extracted cannot 
be predicted in advance. In · this paper, the 
authors thoroughly overview the mobile agent 
paradigm and its application to the above issues 
while highlighting its short comings. 

Key wad~ Mobile Agents Paradigm (MAP), 
Mobile Agents Interoperability Facility 
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(MASIF), Mobile Agents System (MAS), 
Mobile Agents Fault Tolerance (MAFT). 

-1. I ntroductioo 

The ~tea of mobile agents has shown great 
promise in the last several years, but there 
continue to be an apparent gap between the 
promise and the actual acceptance of the 
technology by various stakeholders and potential 
beneficiar.ies. This is due, in part, to the lack of 
bottom up coverage of the technology in the 
literature in one hand, and poor standardization 
facilities on the other [2]. It is a human nature to 
be afraid of the unknown not to mention being 
skeptical about promises that seemed too good 
to be true. This is certainly the case when all 
they hear is about the greatness of the mobile 
agents and the miracles they can perform but 
never about the lack of greatness in performing 
certain miracles. It is with this understanding the 
authors carefully overview the current trends of 
the mobile agents technology by covering the 
basics, advantages as well as disadvantages. In 
section 2, we provide a complete definition of a 
mobi_le agent along with its advantages and 
applications. In section 3, we discuss the current 
standardization efforts. In section 4, we present 
the disadvantages of mobile agents along with 
security issues. We conclude our work in section 
5 and provide reference in 6. 

2. Mobile agent defined 

So what is this mobile agent that has been 
creating a buzz lately? This is not a trivial 
question and neither is defining a mobile agent. 
At first glance, one, as I one time was, may be 
tempted to look at the terms "mobile" and 
"agent," use the traditional _ definition and 



knowledge of th_es·e terms and then mentally 
devise a meaning and definition. If you are 
guilty of this, don't feel bad because you are 
correct - well, almost! An agent, as you and I 
know it, could describe a wide range of 
expertise. Let's start with a travel agent whose 
expertise is to arrange travel and all that come 
with it, a sports agent whose expertise is to 
represent athletes in professional sports, an FBI 
agent whose expertise is to investigate, a secret 
service agent whose expertise is to provide 
security, · typically for presidents, and the list 
goes on. One thing that is clear from the above 
list is that, although each is specific to the task it 
is expect to perform, they all act on behalf of 
others. Let's assume for a second that a mobile 
agent is an agent that moves. This raises another 
question; that is, which of the above agents 
doesn't or has no capability of movement? The 
answer would be none! So, then, are all agents 
mobile agents? The answer is also no. For these 
and many other reasons, you can see why 
defining a mobile agent is a challenge. But many 
have tried and - I intend on not being an 
exception. One clear conclusion that we should 
be able to draw so far, at least from the human 
point of view, is that all agents provide . services 
for others. In this sense, a software agent is no 
different (be it mobile or stationary). A software 
agent is, however, different from all other agents 
in that it is typically computer software that [ 1]: 
First, is situated within an execution 
environment 
Second, exhibits the following mandatory 
properties: 
Fmctive- aware of its surroundings and adapts 
-accordingly 
Autonorrous- is independent and · able to make 
its own decisions based on its surroundings · 
Goal-driva1 ~ has specific objectives and 
attempts to achieve those ORtimally 
(Tarporari/y) oontinuous- executes repeatedly 
May possess any of the following optional 
properties. 
Cormunicative - communicates with other 
agents 

Learning- learns from previous experiences 
Mobile- moves from host to host 
Crooible- appears authentic to the end-users 
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Therefore, a mobile agent is a specific form of 
mobile code. However, in contrast to the Remote 
evaluation and Code on demand programming 
paradigms, which we will examine shortly, 
mobile agents are active in that they can choose 
to migrate between computers at any time during 
their execution [3]. This ability to decide when 
and where to move does not only make mobile 
agents paradigm (MAP) an attractive solution in 
distributed computing, but provide many good 
reasons, as discuss below, for its use [4]. 

2.1 What are the advantages c1 using mobile 
agent paradign 

The popularity of the Web as an information 
super highway has warrants the need for 
developing of optimal Web-based client/server 
applications, and although some efforts have 
been made toward this direction, most, if not all, 
are not very efficient and only provide limited 
scalability and flexibility that is needed [8]. 
Therefore, in order to design and implement 
application in dynamic environments, mobile 
agent paradigm has become the solution of 
choice for the foltowing reasons [2]: 
Asynchronous and autonormus exocuti on -
Because mobile agents have the autonomous 
property, they operate asynchronously and 
autonomously from their parent agents. This 
property is particularly useful for mobile devices 
that normally rely on the mercy of expensive 
network connections where continuously open 
connection cannot be guaranteed. 
Fkludion of ndwork load - One of the many 
bottlenecks of the distributed _ system computing 
is the management of traffics since it usually 
rely on communication protocols that involve 
multiple interactions to accomplish a given task. 
Because mobile agents move from host to host 
with their computational power intact and 
execute locally, a message can be packaged and 
dispatched over the network to the host 
destination where the interaction takes place 
locally (figure 2.1). This eliminates the extra 
network traffic handling and as a result, reduces 
network load [ 1]. 
Fkludion of ndwork latency - Time-critical 
tasks need to respond in real-time to changes in 
their surroundings. Because network latency is a 
major problem in distributed computing, critical 



real-time system, a robot in a factory for 
example, cannot afford to get stuck in the 
factory network for a long period of time. Since 
mobile agents can be sent from a central location 
and execute their task as needed, they can 
significantly reduce network latency [2][8]. 
Encaps.1lation of protocol · - The idea of 
encapsulation first seemed to be a noble idea 
since it allows a host to own the code that 
implements the necessary protocols for outgoing 
data and interpret incoming data. As protocols 
evolve to accommodate new requirements, 
however, scalability becomes an issue since it is 
almost impossible to properly upgrade protocol 
code. Since mobile agents can execute locally, 
they need not carry their own protocols because 
they can use the protocols provided by the host, 
be they proprietary or otherwise [2]. 
Naturally hderogenoous - Because mobile 
agents· depend only on their execution 
environment and not specific transport layer, 
they provide excellent mechanism for seamless 
system integration [2][6]. 
Adapt dynarrically - Because of their reactive · 
and autonomous nat~re, mobile agents can 
sense their execution environment and react to 
any changes that may occur there. Theses 
abilities have rriade mobile agent fault tolerant 
(MAFT) a hot topic in recent years [7]. 
Pobuti and fault tolerant- The ability of mobile 
agents to handle unexpected failures make them 
good candidates for building robust and fault
tolerant distributed systems. The authors of th-is 
paper are currently involved . in extensive 
research of such systems. 
. The mobile agent paradigm clearly shows 

great promise toward distributed computing. As 
described in [8], the popularity of the Java 
language, an object-oriented, interpret, robust, 
secure, portable and architecture independent 
programming language developed at Sun 
Microsystems make this promise even greater. 
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RPC-Ba sed Approach 

Mobile Agent-Based Approach 

Figure 2.1 Mobile agents and Network Load Reduction 

2.1.1 Netwak computingparadi911s 

To get a better understanding of the mobile 
agent computing paradigm, we provide a brief 
comparison between this paradigm ·and two 
ot~er distributed computing paradigms namely; 
client/server and code-on-demand. As we made 
the case for the mobile agent paradigm earlier, it 
is worth noting that the readers, after examining 
these paradigm closely, should be able to see a 
chronological shift from rigid and cumbersome 
sort of computation to a greater flexibility and 
scalability [2]. 

2.1.1.1 Client/server par.adi911 

In the client/server paradigm (figure 2.2), the 
server has the authority, that is it is in possession . 
of services that may be in demand by some other 
programs. These services serve various 
purposes. They cq~ld be providing access to a 
database, a Web page or data warehouse. The 
important thing to note though, is . that the 
necessary code (sometimes referred to as know- . 
how) that implements these services is host 
locally by the server and it is also responsible for 
executing the services. For the client to get some 
of these services when it needs it, it needs some 
intelligence to decide which of the services it 
should. request. In this kind of computing 
scenano, the server 'is king.' In other words, it 
has everything; the code, the resources and the 
processor. Until recently, most of the distributed 
systems were based ori the client/server 



computing paradigm. For this reason, some of 
the current technologies such as the remote 
procedure call (RPq, common object request 
broker (COBRA), and Java remote method 
invocation (RMI) support it [2][8]. 

~ 
L_ __ J --···-

Server 

·••·•··• 

Figure 2.2 Client/server paradigm 

2.1.1.2 Code-en-demand 

The code-on-demand paradigm, on the other 
hand, makes the know-how available when 
needed. For instance, if a client needs to carry 
out a task and it does not have the necessary 
code to complete it, a host in the network can 
provide the needed code, enabling the 
computation to be completed. In this computing 
scenario, the client holds the resources and the 
processor capability. Therefore, the client does 
not need preinstalled code because it will be 
downloaded when needed since the host has the 
know-how, unlike the client/server paradigm 
where the server has it all [2][7]. Java applets 
and servlets are good examples of this paradigm 
because applets are downloaded in web 
browsers and execute locally while serv lets are 
upload to remote Web server and are execute 
there [2]. 

Download 

Client 
Server 

·-········· 

···-·········• 

. ··· ························-·····-·····----- - - ------

Figure 2.3 Code-on-Demand paradigm 

2.1.1.3 Mobile agent paradi911 
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As discussed earlier, one of the major 
advantages of the mobile agent paradigm is the 
mobility and the ability of making independent 
decisions (the autonomous property). Because of 
this ability, mobile agents enjoy high degree of 
flexibility compared to the two paradigms 
discussed above. Because of this flexibility, any 
host in the network can have any mixtures of the 
code (know-how), resources, and the processor. 
The host's processing capabilities can be 
combined with local resources. The know-how, 
which is, in this case, a mobile agent is not tied 
to a particular host but instead available 
throughout the network. In this computing 
scenario, the client and server formed one host 
and applets and servlets, for instance, serve as 
client and server extensions, but they are 
improved by the mobile agents [2][3][8]. 

Agent 

-j _h, Agent t_ -,, 
L ,L___··-- ) -----+---------ro'.L-..--~) ------+--------

; 

t 

Host Host 

Figure 2.4 Mobile Agent paradigm 

2.2 Some cl the mobile agent applicatia,s 

Whether you are a student, a researcher an 
employer or a professor, there is a very good 
chances that mobile agents can be of some 
benefit to you because they have proven their 
worth and seem to be all over the place as can be 
seen by the brief summary of applications 
benefiting from this technology below. It is to be 
mention that the list of the application is by no 
mean complete. 
E-oorrrra-ce - Because of the Web invasion, 
businesses find it convenient to fully take 
advantage of the popularity to cash in, and 
.because of the broader appeal that comes with 
the online business, customers from anywhere in 
the world . can shop right at the comfort of their 



homes. Th is translates · into greater profit than 
• would be possible with an oftline business. 
Because of the mobile agents' mobility, this area 
is the most ideal for their application. For 
instance, they can be sent to negotiate on behalf 
of their creators, initiate agent-to-agent 
negotiation, and even provide real-time stock 
quotes [2]. 
Nfiwork information rfirieval - Information 
retrieval has become a very common daily · 
routine for many people and retrieving accurate 
and the most relevant information is major 
research area. But as the data on the Web keep 
getting larger by the day, indexing is becoming 
an issue since a large amount of data has to ~e 
moved to the search engine so that it the search 
engine can create search indexes and then made 
the information available for retrieval. In this 
case, mobile agent paradigm can be applied 
where mobile agents are sent to the remote 
sources where they can locally create search 
indexes [ 1 ]. 
PErSJnal atxisance - Because of the 
independent nature of . mobile agents, they are 
ideal candidates for performing tasks that are 
normally delegated to human personal 
assistance. These tasks include making 
schedules, and negotiating on the behalf the boss 
( creator). All of these can be accomplished at 
any time of the day [ 4 ][8]. 
Information disribution- Mobile agents can be 
used to disseminate news, update software, and 
manage software, all autonomously [9]. 
Ta ~mn.mication nfiwork !xJl'vias - Because 
of the complex network size and configuration 
_involving telecommunication networks, 
flexibility is normally out of the question. 
Mobile agents can be effectively deployed to · 
create a more dynamic and effective 
telecommunication system [5][2]. 

Many others applications such as secure 
brokering, worktlow application and groupware, 
for instance, intra office communication, 
monitoring and notification~ and parallel 
processing [2], to mention just a few, can greatly 
benefited · from the mobile · agent paradigm. 
Because of its versatility and promise, mobile 
agents got the attention of many organizations, 
both in the academia and the ·industry, which led 
to the development of various mobile agents 
systems [1 O]. These include: IMB's Aglets, 
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Odyssey - developed by General Magic Inc., 
Concordia - developed by Mitsubishi, Voyager 
- developed by ObjectSpace, Agent Tel, Ara, 
TACOMA, and To~ol (TCP) [2][9]. 

2.3 Basic elements cl a mobile agent sysem 

We have .seen all the good reasons for using 
mobile agents and its potential to g_et better. In 
the foqowing section, we briefly discuss the 
basic elements that make up a mobile agent 
system (MAS) [ 10][8]. A mobile agent model in 
its simplest . form consi.sts of 2 fundamental 
co_ncepts. (1) An agent (with 5 attributes): 
Sate(needed for resumption of computation) 
lrrplerrmtation (needed for agent execution) 
lnta-face(needed for.agent communication) 
/da-,tifia- (to recognize and locate agent) 
Principal (owner needed for legal 
responsibility) and (2) Place - an Environment 
in which the agent executes (with 4 concepts): 
Engine(virtual machine for place) 
Re!:vuras ( database, processor, provided by 
host) 
Location(network address) 
Prindpal (legal responsibility). For clarity, a 
typical, although simple, pyramid is provided 
below (figure 2.5) [2]. 
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Figure 2.5 Mobile Agent Pyramid-

In simple mobile agent messaging scenario, the 
parent agent creates (or spawns) a child or 
children agents, dispatches it to perform specific 
mission, and create and equip with the 
appropriate messages, more children agents if 



the need arise. Figure 2.6 shows this situation 

[I]. 

1. Create 

parent 

3. Create (child) 

/ hid 
/ SendMessagel) 

child2 

Sample Remote Messaging 

Figure 2.6 mobile agent simple messaging 

Furthermore, in typical mobile agent system, 
after mobile agents are dispatch to remote 
locations to perform their assigned tasks, they 
can roam and possible initiate additional tasks as 
prescribed by their environments. After a given 
period they can be retracted after tasks 
completion. This process is illustrated below 
(figure 2.7) [8]. 

3. Retract 2. Roam 

Retraction 

Figure 2. 7 mobile agent dispatch/retraction 

3. Mobile agents systems standardization 
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One of major drawbacks of using mobile 
agent paradigm is the standardization issue. A 
quick glance at the brief list of some of the 
contemporary mobile agents systems clearly 
indicates that a good number exist. However, 
they greatly differ in terms of implementation, 
ability as well as architecture [2]. For this 
reason, marketplace deployment and acceptance 
is impeded by interoperability problem. Though 
the issue has been, and continued to be, 
addressed by various companies, including IBM, 
General Magic Inc., and a few others, resulting 
in the recommendation of the Mobile Agent 
System Interoperability Facility (MASIF), it is 
not totally resolved. The recommendation of 
MAS IF, which was endorsed by the Object 
Management Group (OMG), was step forward 
but no mean a silver bullet. Because MASIF 
only addresses the interfaces between agent 
systems · [2], which an important step since it 
makes it possible for mobile agents to travel 
across multiple host in an open environment. 
Nonetheless, interoperability between agents 
applications and agent systems, which is more 
important to application developers, remains 
elusive. Since MASIF does not address language 
compatibility, and interoperability for mobile 
agents is a complex issue. As a consequence, 
MASIF is restricted to interoperability between 
agents systems written in the same language but 
possibly by different vendors [2]. It, therefore, 
defines the interfaces at the system level instead 
of agent level. In addition, it standardizes the 
following four areas: agent management, agent 
transfer, agent and system names, and agent 
system type and location. Clearly, we would like 
to say that MASIF is certainly a good start but 
cannot be the end. 

4. Disadvantages and the mobile agents 
seaJrity ooncerns 

Yes, we said it earlier that life is great in the 
mobile agent world. In fact, it is so great that it 
could be the next best thing in the distributed 
computing, replacing the good old client/server 
computing. But wait! Before you start packing, 
here are few things that you may want to know, 
which are not so great about mobile agent 
paradigm. Firstly, developing mobile agents is 
nontrivial because they have to be designed in a 



way that enables them to carry their full state 
· - making it possible for execution in remote 

destinations. This is a challenge rather than a 
disadvantage, but because of unpredictability of 
the remote environments, it is not possible to test 
for every contingency (1]. Therefore, there is a 
risk involved in sending mobile agents to an 
unknown territory. Secondly, mobile agents are 
difficult to authenticate because of what we 
would like to call an identity crisis. For instance,' 
it is poss.ible for one agent to be associated with 
its developer, code designer, dispatcher, and the 
visited host. The question of which. identity to 
authenticate is computationally complex. · Third, 
mobile agents that travel far and beyond across 
multiple environments cannot be trusted because 
they could have been tampered with while away. 
In addition, Java mobile agents, note that Java is 
currently the most dominant agent development 
language around, suffer from several drawbacks. 
These include, but not limited to, inadequate · 
support for source control, lack of reference 
protection, lack of object ownership and the lack 
of support for preservation and resumption of 
the execution state [2]. 

4.1 Mobileagentssecurityconcerns 

Security threats are everyone's problem. Mobile 
agents paradigm certainly lend itself to a number 
of these threats. If you send you mobile agent to 
negotiate a ticket price, and then is bribed on its · 
way back, then, it would claim to have reserved 
a ticket when in fact it has not .. This is just one 
of the security threats that are possible with 

. mobile agents. Other threats such as agent 
threatening another, an unauthorized third party 
threatening an agent, incoming agents 
threatening host and incoming_ agent th_reatening · 
a network, eavesdropping, traffic analysis, 
illegal access, masquerade, Trojan horse, 
alteration and replay, denial of service and · 
repudiation are also very common. Reader can 
consult [2] for detailed explanation of each 
threat. 

5. Caidusa, and futureworks 

Mobile agent research is . rich and the story 
doesn't .end there. It is clear that the mobile 
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agent technology has introduces a new 
reality to the researchers in this area and the 
search for better ways to improve this 
promising direction is just the beginning. 
The -authors planned to publish a paper in 
the near future in the area of mobile agents 
fault tolerance (MA.FT) in hope to shed 
some new · light in the area. As for mobile 
agents technology in general, the future is 

· bright. and also there clearly are several 
issues, · especially in the area of security, 
mobile agents, when designed properly, 
·proved to be very effective in many 
applications that we don't see any chance of 
turning .·back. Mo·st of the security threats 
can be solved by the current technology and 
even with the ever increasing sophistication 
of threats, because with improvement in the 
area comes improvement in the number of 
available threats, it is clear that the benefits 
of using mobile agent paradigm completely 
outweigh the risks. 
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Abstract 

The discipline of distance education 
"holds greater promise and is subject to 
more suspicion than any other instructional 
mode in the 21st century" [1 ]. Quality 
assurance of these distance programs is of 
concern as stakeholders need proof that their. 
programs meet acceptable standards of 
education. 

Engineering and science degree 
programs have transitioned more slowly to 
an online format. This is primarily due to 
the need for hands-on laboratory 
components. There are ways of providing 
these hands-on experiences online but 
effective means for assuring the quality of 
such programs has been neglected. The 
question still remains: Does hands-on 
education and training provided online 
compromise quality for the sake of 
convenience? 

This paper reviews three methods for . 
online engineering labs: Labo_ratory Kits, 
Remote Labs, and Web-based Simulations 
versus the thirteen ABET Objectives for 
Engineering Lab Sessions. This assessment 
shows that none of these three easily meet 
all objectives. 

1. I ntrodudioo 

Distance learning is not new. Beginning 
with vocational courses delivered by postal 
delivery service and growing into online 
instructional delivery systems capable of 
granting doctorial degrees, the common 
linkage between the two extremes is "an 
instructional mode· in which the teacher· is 
not in the same place at the same time as the 
student" [ 1]. Distance education has also 
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utilized ·other instructional delivery systems 
such as the radio and television - and today 
the most common form o~ delivery is the 
Internet. 

Distance education has experienced 
e~ponential growth over the past 1 0 years, 

· due primarily to the popularity of on line 
learning. 

The Internet has provided such a 
popular venue for distance learning that 
students and educators are challenged to find 
new and innovative means for achieving 
distance education for disciplines that were 
previously thought to be solely campus 
based, hands-on activities. · 

For example, development of 
· engineering degree programs has become 
possible in recent years but is not yet 
widespread throughout all engineering 
education disciplines [2] . Engineering 
education is science and mathematics based 
- two subjects that that are traditionally the 
hardest to teach at a distance due to the need 
for equation manipulation and laboratory 
experiences. The issue of equation 
manipulation has been addressed in recent 
years with online tools (ex: Elluminate and 
MathType). However, the need for hands-on 
laboratories at a distance still poses a 
challenge, especially for engineering 
education at the undergraduate level. 

As methods continue to emerge, quality 
assurance of these methods is of concern . 
Stakeholders - institutions, faculty, students, 
industry and society - need assurance that 
the new, online formats meet the established 
objectives. 

Multiple guidelines have been 
developed to address this need for quality 
assurance of on line courses .and programs. 
Although strict quality assurance evaluation 



frameworks hav·e not been developed for 
hands-on activities accomplished online, the 
Accreditation Board for Engineering and 
Technology (ABET) has drafted thirteen 
objectives for engineering lab sessions. This 
paper will use these objectives to assess the 
quality of online laboratories. 

2. Research question 

Can hands-on elements required for 
some education and training programs be 
effectively taught at a distance? In this 
paper, one hands-on element - The 
Engineering Lab - will be assessed to 
determine whether or not it meets acceptable 
criteria for teaching and learning. 

. 3. Back~ound 

3.1. Gro.vth c1 Disane2Learning 

Distance education has increased 
substantially in popularity over the past 1 0 
years. The US Department of Education's 
National Center for Education Statistics 
(NCES) conducts an annual survey designed 
to provide national estimates on distance 
education at 2-year and 4-year Title IV
eligible, degree-granting institutions. 

In 1997-1998 an estimated 1.6 million 
students_ were enrolled in distance education 
courses [3]. In 2000-2001 there were an 
estimated 3,077,000 enrollments [4]. The 
2008 NCES study-estimated the total 
number of enrollments in the 2006-2007 
academic year as 12,153,000 [5]. This 
represents a 722% increase in the number of 
students enrolled in distance education 
co_urses in this 10 year time frame. 

The popularity of online education is 
seen outside of higher education, as well. In 
2004 it was estimated that "80% of Fortune 
500 companies are using or intend to use e
learning and expect a significant ROI" [6]. 

However, the same growth has not been 
seen in online engineering degree programs. 
?ut of 600 on line degree programs reviewed 
m the Sloan-C catalog, only 49 are 
engineering degrees. 44 of the 49 are at the 
Master and Certificate level. Only 5 (3 
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Bachelor and 2 Associate) are offered at the 
undergraduate level [2]. Research indicates 
that the primary reason for the lack of 
growth in undergraduate engineering degree 
program offerings online is the need for 
engineering labs [7] [2]. 

3.2. Quality ass.1rane2 

Quality assurance is the process of 
verifying or determining whether products 
or services meet or exceed customer 
expectations. The most popular 
methodology used for assessing quality is 
the Deming Plan-Do-Study-Act (PDSA) 
model. A brief overview of each of these 
steps is as follows: 

Plan: Establish objectives and 
processes required to deliver the desired 
results. 

Do: Implement the process developed 
Study: Monitor and evaluate the 

implemented process by testing the results 
against the predetermined objectives 

Ad: Apply actions necessary for 
improvement if the results require changes. 

Many times the objectives are 
· established through use of guideline or 

standards documents applicable to the 
process under consideration. 

3.3.Quality ass.1ranoe c1 disane2 learning 

In 1999, Thomas L. Russell published 
his first work related to "no significant 
difference", which was updated in 2001. 
This compilation of research presents the 
case that there is no significant difference 
between the learning in traditional on
campus setting and learning via a distance. 
Russell explains that "the good news is that 
no significant difference studies provide 
substantial evidence that technology does 
not denigrate instruction" [8]. 

However, research indicates that there 
are ways in which online education differs 
so .markedly from traditional campus-based 
learning that quality assurance of distance 
education needs to be assessed differently 
[9]. The main recommendation is that the 



quality assessment of distance learning 
needs to be outcomes based [9] [ l O]. 

Past approaches to assessing quality 
have focused primarily on evaluation of 
inputs to the educational process, such as 
facilities, quality of teaching and research 
staff, volumes in the library, the presentation 
and quality of incoming students. This 
approach for measuring and ensuring quality 
ca·n no longer be sufficient in an . 
environment that demands institutional 
accountability for what students learn rather 
than what the institution teaches [9]. 

Quality assurance guidelines, 
frameworks and benchmarks have been 
developed and accreditation schemes have 
been altered to account for the growth of . 
distance learning. Through a review of 
literature, 15 such guideline documents were 
reviewed . 

Although these guidelines and · 
benchmarks can be used to assess the quality 
of any on line education program, there are 
elements of many education and training 
programs that require a hands-on element. 
These components require special attention 
if the objective is a fully on line program. 

For example, undergraduate engineering 
education includes a laboratory eomponent. 
The first distance engineering programs met 
the need for laboratory sessions by either 
performing laboratory exercises at another 
institution ( e.g. a local community college) 
or spending a period of time <;m the 
engineering college campus in a . 
concentrated laboratory course [7]. 
However, these methods did not accomplish 
a fully distant program. 

. Online education, with its ability to 
provide almost instantaneou·s connection 
between students and information, has 
prompted a new expectation of both students 
and teachers. Physical collocation should no 
longer be a requirement for successful 
knowledge transfer, regardless of the 
traditionally hands-on fashion. 

3.4. ABET objectivesfcr aigineering labs 

As distance programs began 
approaching ABET, the lack of a clear 
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understanding of objectives of instructional 
labs became clear. "Officials ofABET 
recognized that, while well-understood 
criteria exist for evaluating the cognitive 
component of engineering education, no 
such understanding existed for laboratories" 
[7]. 

Therefore, ABET organized a colloquy 
in 2002 with funding from the Alfreq P. 
Sloan foundation by which they drafted 
thirteen objectives for engineering class lab 
sessions: Although ABET initiated the 
colloquy to d_raft the obje~tives, they state 
that the objectives have no standing as 
accreditation criteria [7]. The ihtent is that 
th_e objectives be used to aid in evaluating 
laboratory activity and to validate their 
effectiveness, especially as online 
laboratories emerge. 

The following objectives were 
originally pub I ished in "The Role of the 
Laboratory in Undergraduate Engineering 
Education" by Lyle D. Feisel and Albert J. 
Rosa (2005) as a result of the colloquy. 

Bycorrplfting the laboratories in the 
a1gi nea-i ng un<Ja-graduate curriculum, you 
will be able to ... 

Oqectiw 1: I nstrumentatioo. 

Apply appropriatetB?SJrs, inEirurrmtation, 
and/or SJftware tools to make rrmsurarmts 
of physcal quantities. 

Oqectiw2: Models 

ldmtify the Eirengfhs and /irritations of 
thoordical rrodfis as prroictors of real
world /JfiJaviors This may include 
evaluating wf?EJhfr a throryaca:,uatay 
des:;ribes a phys cal evmt and eEiabliS1i ng 
or validating a raationship betw001 
rrmSJroo data and underlying physcal 
principles. 

Oqectiw 3: Experiment 

Devi93an experirrmtal approach, !:f)fXify 
appropriate fr/Uiprrmt and proce:Jures, 



irr.plcrm7t thetliJprococlures, 8/'}d inte-prfi 
the resulting data to charactmzean 
engi ne«i ng rret~i al, CXJrrponait, or sysm1. 

Oqective 4: Data Analyss 

omvnsrate the ability to oolloct, analyze, 
· and inte-prfi data, and to form and rupport 
conclusons Make order of rregnitude 
j udgrrmts and ure rrearurma1t unit 
syst«r5 and oonve-sons 

Oqective5: Desg-,. 

Deign, build, or aS':BTbleapart, product, 
or ~cm including usng tfJ(:rific · 
rreh<XJologies, OCJUiprrent, or mate-ials; 
rredi ng d ie1t rOCJui rarmts; de1aopi ng 

. 5Ystan spaifications from rOCJuirarmts; 
and te;ting and ddJugging a prototype, 
system or proress us ng appropriate tools 
to FiatiEiy rOCJuirarmts 

Oqective6: Learn fran Failure. 

lda7tify uf19.Jccesfiul outcorres due to faulty 
«Juiprrmt, parts, code, oonEiruction, 
pr~ or detign, andthc11re-enginw
€ifocti ve rot uti ons 

Oqective 7: Creativity. 

DaronEirate appropriate /e;e/s of 
i~ thought, creativity, and 
capabi Ii ty in real~worl d prob/ m1 s:1/ vi ng. 

Oqective 8: Ps}dlanota. 

DaronEJrate oorrpfifTlCe in fxi octi on, 
rirxlification, and operfjition of appropriate 
f11gineuing tools and rerources. 

C)qective 9: Safety. 

ld81tify health, saffiy, and mvironrrmtal 
issues raat~ to tochnological proces9::!S 
and activities, and deal with than 
r~bly. 
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Oqective 10: Cmmunicatioo. 

Corrrrunicate fifocti va y about I aboratory 
work with a !:!]8ific audifJ1Ce, both orally 
and in writing, at /e;as ranging from 
exocutive rumnaries to corrprd1ais ve 
tochnical reports 

Objective 11: Teamvo-k. 

V\ork effoctivey in teams, including 
Eiructure individual and joint 
accountability; assgn roles, r8ff)Of1sbilities, 
and tasks; rronitor progres.5; ,rm 
deadlines; and inte;;;rateindividual 
oontributions into a final deive-able. 

Objective 12: Ethics in the Laboratory. 

Bdlave with higheEi fihical standards, 
including rff)Orting information objoctivay 
and inte-ading with inte;;Jrity. 

Objective 13: Smsry AwarS16$ 

Ure the human Em93S to gather information 
and to make s:JUnd mgi nw-i ng j udgrrmts in 
forrrul ati ng cone/ usons about real-world 
prob/ans. 

4. Methodology 

Through literature review, methods that 
are currently being employed to facilitate 
engineering laboratory activities at a 
distance were determined. These methods 
were then evaluated versus the ABET 
Objectives for Engineering Lab Sessions. 

5. Analysis 

Multiple methods have been developed 
to provide engineering labs fully at a 
distance. In this paper, three categories will 
be assessed: Laboratory Kits, Remote Labs, 
and Web-based Simulations. 

5.1. Labaata-y kits 



One of the earliest attempts to 
accomplish labs fully at a distance was 
through use of laboratory kits. Students 
would purchase kits for use at home to 
perform course experiments. The cost of 
these kits was designed to be comparable 
with what the student would spend traveling 
to campus to attend regular laboratory 
classes [7] .· 

This method provides the advantage that 
students can handle, configure, and use the 
physical components of the laboratory. 
However, the types of experiments that can 
be carried out in this mode are limited to 
small experiments consisting of portable . 
equipment [ 11]. In addition, the element of 
teamwork is compromised when each 
student is practicing their laboratory 
experiments with their own equipment in 
·isolation. 

5.2. Rema:e labs 

Currently, the most common way to 
provide engineering laboratories at a 
distance is through the use of remote access 
to physical laboratory apparatus. These are 
called "Remote Labs" or "Virtual 
Laboratories". The synchronous nature of 
this mode allows students the sense of actual 
involvement in the experiment [7]. In 
remote labs, the laboratory equipment is 
connected to the internet using special 
interface devices and students access the 
laboratory from their own computers by 
connecting to the internet and selecting the 
experiment to perform. Students can then 
manipulate the equipment and carry out the . 
experiment remotely by following the 
instructions [ 1 I]. · 

Online video is used by some programs 
to further enhance the students' sense of 
presence [7] . Although some programs 
allow students to upload experiment 
parameters and then receive a video clip of 
the apparatus as it operates using those 
parameters [7] , one disadvantage of many 
remote labs is that experimental setup is 
readily given to the student and this can not 
be changed [ 1 I]. Another limitation of 
remote labs is their use only for simple 
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experiments and for experiments where the 
student involvement is minimal -[ 11]. Also, 
students do not handle or configure the real 
equipment [11]. . · 

5.3. Wel>-based smulatioos 

Some believe that simulations can 
replace physical experiments. A sii:nulator 
is a software package that can imitate the 
behavior of a real hardware system [ 1 I] . As 
physical experiments may be expensive to 
purchase and maintain, simulations provide 

. a more cost effective alternative that may 
also be used at a distance. 
_ Simulators are of great value in teaching 
the behavior of systems, but it is argued that 
they can not replace the real equipment. For 
example, using simulators students can set 
values which are not feasible in the real 
world. Also, simulators provide some, but 
limited capability for experimentation and 
they can not always accurately demonstrate 
the application of theoretical concepts to the 
physical world [ 11]. · 

6. Results 

Laboratory Kits, Remote Labs, and 
Web-based simulations were each evaluated 
versus the 13 ABET Objectives of 
Engineering In·structional Laboratories. For 
each objective, assessment was made to 
determine if the method of instruction could 
comply with the requirements. This 
assessment was made on a three point scale: 
Easy, Moderate, and Difficult. 

Easy designates an objective that can 
easily be met by the laboratory method 
under instruction. Moderate indicates an 
objective that could be met by the laboratory 
method under consideration, with some 
modification to the laboratory method. 
Difficult points to objectives that would be a 
stretch for that laboratory method. Difficult 
objectives would require modification of the 
laboratory method from its current form and 
may present a requirement for which that 
laboratory method is not well suited. 

Objective 1 presents the need to 
measure and evaluate physical quantities. 



Laboratory Kits and Remote Labs would be 
better suited than Simulations to measure 

physical element~. ·. . . 
Objective 2 deals with appltcat1on of 

theoretical models to real world behaviors. 
As simulators are built based upon the 
mathematical models developed to describe 
our world, testing the real-world application 
of such models is not fully undertaken in the 
simulated lab. Physical components 
available in the lab kits or remote lab are 
better' suited to meet this requirement. 

For some remote lab environments, 
experimentation (Objective 3) may be 
difficult. Many remote labs are intended to 
demonstrate concepts based upon previously 
determine experimental conditions and the 
students do not alter the initial set-up. Other 
times the student controls all experimental 
· conditions through a graphical user 
interface. The laboratory kit would allow 
experimentation within the range of the at
home devices and simulation also allows for 
implementation of an experimental approach 
and evaluation of results. 

Objective 4 requires collection, analysis 
and interpretation of data and to form, and 
support conclusions. A student can 
accomplish this data analysis objective in 
any of the three on line modes assessed. 

For engineering disciplines that require 
a mechanical laboratory environment to test 
and debug a prototype design, Objective 5 
would be difficult for the remo'te lab. 
Simulations or use of laboratory kits would 
be better suited to the testing and 
experimentation necessary for engineering 
design for the engineering disciplines which 
they are applicable. 

In each of the laboratory modes the 
student can learn from failure (Objective 6) 
and propose re-engineered solutions. 

Creativity (Objective 7) can be 
effectively demonstrated by the student 
within all of the laboratory modes. 

All three of the engineering lab modes 
are able to comply with the objective related 
to Psychomotor (Objective 8). However, for 
the remote lab this objective will be more 
difficult to achieve. The remote lab 
infrastructure must a11ow for student 
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designation of equipment and experimental 
conditions for this objective to be fully 
accomplished. 

Safety (Objective 9) may be addressed 
by students participating in any lab mode 
although the considerations may not be as 
clearly understood in the simulated lab. 

Communication (Objective 10) can be 
accomplished in any of the three laboratory 
modes assessed, and it has been argued that 
distance learners are trained to be better 
communicators than their on-campus 
counterparts [1 O]. 

Teamwork (Objective 11) has also been 
proven effective in distance learning modes. 
However, for the laboratory kit method of 
distant labs, students are working in 
isolation with individual lab equipment. 
Although they may communicate related to 
results, the physical lab is carried out in 
isolation. 

The objective related to ethics 
(Objective 12) can be easily achieved 
through distant labs. 

Objective 13 presents the most 
challenge to distant engineering labs. 
Remote Labs offer the student nearly al I of 
the capability to draw conclusions related to 
real-world problems based upon sensory 
awareness, but still only 2 of the 5 senses are 
utilized. Senses of sme11, touch, and perhaps 
the sense of taste can only be accomplished 
when the student has physical contact with 
the laboratory equipment as is the case with 
Laboratory Kits. Simulations do not lend 
themselves to use of many sensory devices. 
It can be argued that the student is "seeing" 
the measurement dials in a simulated lab in 
the same fashion as remote, kit or on
campus laboratories, but the simulated lab 
does not produce the same visual 
appearance, sounds, or physical result. 

The author's assessment of current 
methods for online engineering lab sessions 
displays that, at present, these forms do not 
meet al I objectives. Laboratory Kits seem to 
be the most able to meet the ABET 
objectives. However, as discussed earlier, 
the types of equipment that may be provided 
to the students in this format are limited 
thereby limiting the breath of instructional 



laboratories that may be accomplished in 
this mode. Table 1 provides a summary.of 
the objectives versus current methods. 

Table 1. Abilityd Onlinelabaatay 
M eansto Canply With ABET 
Fundamental Objectivesd Engineering 
I nslructiooal Labaatories 

Laboratory Remote Web-Based 
Kits Labs Simulations 

Objective. I: Easy Easy Difficult 
Instrumentation 
Objective 2: Easy Easy Difficult 
Models 
Objective 3: Easy Moderate Easy 
Experiment 
Objective 4: Easy Easy Easy 
Data Analysis 
Objective 5: Easy Difficult Easy 
Design 
Objective 6: Easy Easy Easy 
Learn from 
Failure 
Objective 7: Easy Easy Easy 
Creativity 
Objective 8: Easy Moderate Easy 
Psychomotor 
Objective 9: Easy Moderate Moderate 
Safety 
Objective 10: Easy Easy Easy 
Communication 
Objective 1 1 : Moderate Easy Easy 
Teamwork 
Objective 12: Easy · Easy Easy 
Ethics in the 
Laboratory 
Objective 13: Easy Moderate Difficult 
Sensory 

· Awareness 
Easy = Able to comply 
Moderate = Able to comply with some modification 
Diffioult = Compliance a stretch for this laboratory method 

7. Coodusioos 

The growth of distance ·learning has 
been rapid over the past 10 years with 
increasing use of the Internet. As the 
popularity increases, there is need to ensure 
that the quality of distance courses is 
equivalent to the quality of courses achieved 
in an _on- campus environment. 
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Research has shown that there is no 
significant difference in learning based upon 
the mode of education [8] and proponents of 
distance learning have advocated use of 
outcomes based assessments [9]. 

Multiple guidelines have been 
established and bench!)larks developed to 
assess the quality of distance learning 
courses_ and programs. However, hands-on 
elements required for some education and 
training programs have not been considered 
within these frameworks. ABET discovered 
this lack of direction as requests for 
~ccreditation ·of fully onli'ne engineering 
degree programs began to emerge. Their 
realization that accreditation requirements 
dtd not folly lend themselves to acceptance 
of these on line means due to the requirement 
for undergraduate laboratories caused them 
to draft a I ist of thirteen objectives for 
engineering labs. These objectives are 
intended to be met regardless of means by 
which the lab is being accomplished - on
campus or online. 

This paper assesses the ability of three 
methods used for online labs - Laboratory 
Kits, Remote Labs, and Web-based 
Simulations - to comply with the ABET 
Fundamental Objectives of Engineering 
Instructional Laboratories. This assessment 
reveals that none of these methods are 
capable of meeting all objectives easily. 
However, all objectives can be met easily by 
at least one of the lab modes considered. 
This suggests that an engineering laboratory 
program consisting of a variety of on line lab 
mode·s may be better suited to meeting all 
fundamental objectives. 

8. Future Research 

The basic quality assurance process of 
Plan-Do-Study-Act needs to be applied to 
assessment of engineering labs. ABET has 
established fundamental objectives for 
engineering laboratories, and it is the 
responsibility of each institution to 
adequately define overall objectives for their 
engineering programs and individual 
objectives for engineering laboratory 
classes. Instructional Designers are 



developing new ·and innovative means for 
accomplishing laboratory courses online. 

The current task at hand in 
accomplishment of this quality assurance is 
development of an assessment scheme, 
based upon ABET and institutional 
objectives, to compare engineering labs 
taught on-line to campus based equivalents. 
This assessment scheme must indicate clear 
measures for each objective under 
consideration. Then, assessment of both on
campus and online labs can be accomplished 
and compared. 

Specific next steps include: 
■ Development of assessment scheme 

based upon ABET and Institutional 
objectives. 

• Assessment and comparison of 
online and on-campus laboratory 
courses. 

This study has also indicated that certain 
online Jaboratory modes are better suited to 
achievement of particular instructional 
objectives. A follow up study based upon 
expert or social judgment analysis of a wide 
audience of instructors and users would 
create a better matrix of suitability for use as 
institutions continue to offer laboratory 
courses on line. This type of assessment 
would also be valuable as on-campus and 
online labs are compared. ln the event that 
assessment indicates that the online lab is 
substandard to the on-campus counterpart, 
further assessment could be m~de to 
determine if the issue is due to the distant 
mode or the technology being employed. 
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A Su<X2Bul Applicatioo a Six-Signa Methodology fa Hdel 
Servie2 Enhanament: The Case fa a Cooventioo Hotel' 

James P. Gilbert · 
Poll ins Col I €f10 

igi I bert@rol Ii ns oou 

Abstrad 

Developed here is a the journey to six
sigma green belt certification by a team of 
Crummer Graduate School of Business students 
from Rollins College in Winter .Park, Florida. 
The six-sigma· project transpired at a large 
convention hotel in Orlando. The hotel is 
known for its desire to provide flawless service 
to drive guest loyalty. This Six Sigma Greenbelt 
team was asked to measure the frequency and 
value of rebates given by employees and identify 
the reasons for those rebates which impact the 
bottom line at the hotel.. The ultimate purpose in · 
identifying the reasons for the rebates was to 
work to eliminate them and their negative 
impact on guests, employees, and revenue. 
Three months of data illustrated that the front 
desk processes were continually changing, so 
that the reasons for those rebates were unclear. 
The project focus shifted to creating a reliable 
data collection method that · would provide 
concise data for analysis. A database was 
designed to allow employees to -enter set, well 
defined rebate reasons for each revenue center 
that could be measured and reported. 

Defective - reasons were dramatically 
reduced and now there are clearly defined · 
reasons for rebates. The . process . allows 
management to identify the root causes of the 
rebates and take action to eliminate their 
occurrence in the future. The results are 
improved employee satisfaction, improved guest 
satisfaction and improved revenue. This case 
study will be most valuable to companies who 
would like a roadmap to a successful six-sigma 
green belt project. 

·1. I ntrodudia, 

Lime Tree Beach TEAM ( an acronym for 
employees) strive to deliver flawless service to 
drive guest loyalty. This Six Sigma Greenbelt 

. team was_· asked to measure the frequency and 
value of rebates given by TEAM and identify 

. the reasons for those rebates which impact the 
bottom line at Lime Tree Beach. The ultimate 
purpose in identifying the reasons for the rebates 
is to work · to eliminate them and their negative 
impact on guests, TEAM, and revenue. Three 
months of data from 2007 proved that the front 
desk processes were continually changing, so 
that the reasons for those rebates were unc tear. 
The focus then shifted to creating a reliable data 
collection method that would provide concise 
data that could be analyzed. 
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2. Project Overview 

Lime Tree Beach vision · (and the standard 
for service) is TEAM deivuing flawless 9:rvice. 
TEAM are empowered to Make It Rght for any . 
guest who raises an issue of dissatisfaction. 
TEAM can offer up to $200 off the guest bill to 
satisfy a guest. A 'rebate results in lost revenue 
against room, food and beverage, telephone, 
movie, or parking charges. These rebates were 
not measured previously, so root causes could 
not be identified or addressed. The project 
champion (General Manager) asked the team to 
focus only on room, telephone-, and movie 
rebates (see Table 1 ). 



Table 1. Six s igma p . ro1ect T earn 
functional Area Expertise 
-General Manaoer Process Champion 

Finance Manager Financial Analysis/ 
Process 

-Crummer Team Lead Overall Academic 
Responsibility 

Crummer Team IT /Database/Programs 

Member 
Crummer Team ISO 9000 & Human 

Member Performance 

Rooms Division Dir. Process Owner 

Front Office Manager Leader-Front Desk 

Consider-It-Done Mgr. Leader of Consider-It-
Done Proqram 

Accounting/Training Financial 
Manaoer Representative 

Leadership and Training/Strategic 
Trainino Manaoer Planninq 
Hotel IT T earn Computer Programs 

Develooment 
Database Design Mgr. Computer Programs 

Desion 

· This Six Sigma team was challenged to 
identify the rebates given at the front desk for 
the purpose of ultimately identifying the root 
causes behind the rebates so Lime Tree Beach 
co·utd gain back those lost revenues. · After 
starting data collection the team learned that due 
to continual changes in the front desk guest 
satisfaction process there were no valid baseline 
data. Defectives are defined as those rebate 
reasons that were not clear and therefore not 
actionable. The team could not initially measure 
the rebates because there were so many 
defective reasons in broad categories (for 
example, "guest satisfaction"). 
· The project focus shifted to improving the 
process fo~ data collection to improve the qu~lity 
of the data collected. This would allow 
management to take· action on the root causes 
driving the r~bates. The ~ goal was never to 
eliminate rebates completely or to . restrict 
TEAM empowerment, but to identify rebate 
reasons that can be corrected once they are 
identified. 

2a. GoaVobjective statement 

. The purpose of this six-sigma project was to 
improve the process for collecting accurate data 
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on the reasons that rebates are given by TEAM 
at the Front Desk by April 30, 2008. With good 
data, the hotel began to take corrective action to 
reduce the rebates given at the Lime Tree Beach 
front desk. 

2b. Financial benefits( savin~ 

Lime Tree Beach will enjoy the financial 
benefits of reduced rebates which will lead to 
recovery of lost revenue. Lack of good 
historical measure made identifying a figure 
challenging, but conservatively the company 
could obtain an additional $60,000 year in 
revenue. 

2c. Noo-financial benefits(metrics) 

Lime Tree Beach measures guest 
satisfaction through individual feedback surveys 
provided to guests after they depart. This metric 
is communicated weekly to TEAM, and they 
have potential to earn a bonus based on 
improved guest satisfaction scores. TEAM 
satisfaction is also measured annually. Guest 
dissatisfaction - often drives TEAM 
dissatisfaction, so for front desk specifically, 
guest satisfaction is a critical metric. 

2d. Other aganizatiooal benefits 

TEAM will have clearer guidelines defining 
reasons that rebates are to be given to guests. 
After the quality of the data is improved, then 
the organization can begin to address the root 
cause issues that are prompting the initial need 
for rebates. 

3. Summary cJ Changes M acle to Affect 
I mprovement 

Analyzing three months of data (hundreds of 
blue forms) showed the current systems tracked 
dollar values but not valid reasons for the 
rebates. We identified the significant reasons of 
failure from that data, and designed a database 
that requires TEAM to use those identified 
rebate reasons. Now rebates are entered 
electronically ( data is entered by Front Desk 
TEAM), so leaders in the organization have 
visibility to the frequency and cause of rebates 



given to guests, as well as which TEAM is 
. processing that rebate. 

· 3a. Timeline 

The project was initiated during the fall of 
2007, the database was completed in January 
2008, and the initial 30 day test of the database 
was February 1 s· - March 15, 2008 . . The control 
plan was completed, and the project handed over · 
to operations on July 7, 2008. 

4. Define 

The problem is that dissatisfied guests will 
not be loyal guests. While TEAM are 
empowered to· offer rebates to any unhappy 
guest, there was no process to record the reasons 
for the rebates or to measure the financial impact 
of those rebates. We know there is a problem 
because every day, 365 days a year, both TEAM 
and leaders sign off on rebates. There is no 
visibility to those rebates organizationally, nor 
are there indications of corrective action taken to· 
avoid those rebates in the future. 

The problem centers around rebates granted 
to guests by TEAM working at the front desk or 
answering phones at the front desk ( called 
Consider-It-Done). Guests at the hotel are 
affected by their experience that is less than 
flawless, and TEAM are affected because they 
have to calm frustrated guests as wel I as 
complete additional paperwork to grant and 
record rebates given. This problem is critical to 
the perception of quality by Lime Tree Beach 
guests. 

This project is clearly linked to 
organizational goals because the vision of · 
Gaylord Hotels is: TEAM Errployees daivering 
flaw/8$_ 9:rvice to custom:rs 93eking -rrming, 
convention, and lasure expa-iences. If the 
vision was being met, there would be no reason 
to give rebates. 

Processes involved include: how TEAM 
grant rebates at the front desk, how those rebates 
are recorded, and analysis of and reporting of 
rebates. 
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5. MeaSJre 

The primary metric is the number of 
defective reasons. _ Compliance rate and sigma 
levels were analyzed for several months and are 
attached below. The key process output 
variables that must be improved to solve the 
business problem are the number of defective 
reasons for rebates. 

Th~ team manually examined, documented, 
and tallied the various reasons given for guest 
rebates. The rebate process was paper based so 

· we examined hundreds ,of documents for the 
th~ee months targeted. After approximately 5 
days of work we were able to compile a 
datasheet .· of some .1 ,069 reasons why guests 
received rebates. These rebates were selected 
from March, July, and October of 2007. 
Through analysis of this data ·we identified the 
predominant reasons rebates were given at the 
front desk. We organized these reasons under 
revenue centers (see Table 2). 

Table 2. Guest Rebate Reason Totals 
Revenue Room Phone Movie Total 
Center 

Total · 662 238 169 1069 
Defects 146 87 46 279 

% Defect 22% 37% 27% 26% 

The · data give a · general idea where the 
rebates came from, however we could not 
accurately identify the main reasons for rebates 
when 26% of those reasons recorded were 
defective. To gather accurate data our focus· 
shifted to developing a new measurement 
system that would reduce or eliminate the 
unclear rebate re~~ons. The key process output 
variable to be improved to solve the business 
problem was the number of unclear reason·s. 
Defectives were defined as the unclear (and 
therefore no~ actionable) rebate reasons (see 
Tables 3 to 5). 

Table 3. March Guest Rebate Reasons 
Revenue Room Phone Movie Total 
Center 

Total 80 72 65 217 
Defects 15 14 10 39 

% Defect 19% 20% 15% 18% 



Table 4. Ju IV ues 
Revenue Room Phone Movie Total 

1 G t Rebate Reasons 

Center 
Total 216 84 66 366 

- Defects 102 46 34 182 
% Defect 47% 55% 52% 50% 

-

Table 5 October Guest Rebate Reasons 
Revenue Room Phone Movie Total 
Center 

Total 130 14 41 185 
Defects 40 5 6 51 

% Defect 31% 36% 15% 28% 

5a. Ca,sequential metrics 

The Hawthorn effect was anticipated by the 
six-sigma team. TEAM are trained on the need 
for more detailed rationale for rebates and the 
reasons why this information is critical to 
improving the situat ion for both guests and 
TEAM. . Attention to the process and the 
rationale could i.mpact the number of rebates 
given. 

6. Analyze 

All of the data analyzed were discrete. After 
pulling three months of data_, analyzing blue 
slips, amounts, and reason for rebates, we did 
not have clear reasons that could lead us to the 
root cause of many rebates. The data from the 
months of March, July, and Oc_tober of 2007 
were very vague. The scope of our project 
changed to improving the collection and 
measurement ·of rebates. From 2007 data we 

·identified the unclear reasons which kept 
management from clear action steps (see Tables 
2 to 5). · 

Twenty-six percent of the 1,069 rebates 
were unclear and therefore~not actionable (from 
the months of March, July, and October). The 
Rooms revenue center had the most rebates as 
well as the most defective reasons, followed by 
Phone and Movie. 

From this data the process compliance rate 
and sigma level were computed. The 
compliance rate is 0.739. 

The sigma level was determined through 
capability analysis. Capability analysis gave a 
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sigma level (process Zscore) of 0.64 and part 
per million defective of 260,992. 

7. Improve 

"Disputed charges" and "Guest 
inconvenience" were not clear enough to be 
actionable and address the root cause to avoid 
future rebates. The historic process allowed 
TEAM to write down any reason onto a blue slip 
and then complete the adjustment in the property 
management system. The six-sigma team 
analyzed the current data and interviewed 
T EAM and leaders to clearly defined valid and 
actionable reasons. From that list of reasons a 
simple database was created that would allow 
TEAM to capture this information ongoing. To 
force clear and actionable reasons, they did not 
build an "Other" reason option into the database. 
Eliminating the "other" reason option is a 
method of error-proofing, or Poka-Yoke. This 
proved to be a most effective control method. 

The six-sigma team met with Lime Tree 
Beach Information Technology team to discuss 
the proper vehicle for the database (Access, 
SQL, etc.). A · team of students offered to 
complete a Senior Leadership project to develop 
the database. The students were invited to 
meetings with Lime Tree Beach leaders and 
TEAM throughout the entire project to ensure 
the database met the needs of the users. The 
primary goal was simplicity and ease of use, 
while achieving zero defective (unclear) reasons. 

In December, hotel IT personnel enhanced 
the Access database application with user logins, 
sales and resort tax calculations, and other 
value-added features. The database was 
completed in January, tested by front desk 
TEAM, and piloted February 15, 2008. 

The project team developed the main login 
window of the Rapid Recovery System (RSS) 
and the entry form for all rebates. After saving 
the adjustment, · a 4-digit tracking number is . 
generated so that TEAM can complete the 
adjustment in the property management system. 
TEAM to fill out the database form (instead of 
the original blue slip) to get the adjustment 
number. TEAM now are required to complete 
the process in front of the waiting guest. 

Analysis showed that the defect rate, 
capability analysis, and sigma level obtained by 



_ utilizing the newly created Rapid Recovery 
Database was an improvement from the prior 
system. 

An analysis of the Process Z values (Sigma 
levels) indicated on each sequential capability 
analysis showed the improvement in the 
collection of valid rebate reasons. Table 6 
summarizes those findings. 

Table 6. March Guest Rebate Reasons 
Revenue Room Phone Movie Total 
Center 

Total 209 204 110 523 
Defects 12 13 2 27 

· %Defect 6% 6% 2% 5% 

8. Control--_Rapid Reoovery.Training 

Every task that TEAM performs is recorded 
in a~ SST (Standard, Steps, and Tips) document. 
Standards describe the standard of performance 
expected. Steps outline the steps required to 
accomplish the standard. Tips refer TEAM back 
to the vision, values, and service basics of the 
organization. 

An SST was written for Rapid Recovery 
Rebates which outlines the process for TEAM 
and leaders. . The SST is the tool that TEAM 
Trainers utilize to train new TEAM on the 
process. The SST also is used to t;ain leaders on 
how to manage administration of the system. 

TEAM Trainers already in place in the Front 
Office and CID now assume· the responsibility · 
for training new TEAM on the Rapid Recovery 
process as a part of the new 'TEAM Training 
process. TEAM Trainers train new TEAM on 
the Rapid Rec~very system and process by 
utilizing the new SST. . 

TEAM were formerly using manual "blue . 
slips" (so named because the paper was blue) to 
record all rebates given. The Rapid Recovery 
database is in place with pre-defined rebate 
reasons, and there was a need for a back-up plan 
in case the database is unavai table. For that 
purpose, the blue slip was redesigned to exactly 
match the database rebate reasons and revenue 
centers. 

The pre-defined reasons in Rapid Recovery 
and the blue slip back-up both serve to mistake
proof the highly repetitive rebate process at the 
front desk. Recognizing the extreme time 
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pressure on TEAM at the Front Desk, Rapi~ 
Recovery was designed to be an efficien~ 
electronic system to replace the manual blue slip 
process. . · 

Sa. Rapid Reoovery Analysisand Repating 

Reporting is generated automatically every 
Monday. The reports are visible to all on the 
shareq drive and the reports includ~: 

1. Rapid Recovery Rebates by TEAM 
2. · Rapid Recovery Rebates by Revenue 

Center 
· 3. Rapid Recovery Rebates by Amount 

4. Rapid Reco,very Rebates Summary for 
the week 

An ·existing leadership position within the 
hotel now has an expanded scope to include 
analyzing Rapid Recovery · data to identify 
trends. This position also ensures regular review 
of Rapid Recovery reports. There will be 
additional analysis to correlate guest satisfaction 
data with Rapid Recovery and Espresso data 
(Espresso is the maintenance, work-order and 
preventative maintenance program utilized at the 
hotel). These Rapid Recovery reports and the 
visibility to the process that they provide will 
serve as a red flag to issues of guest satisfaction. 

Sb. Rapid Recovery Transitia, Plan 

In July, 2008 the ·six Sigma team, the 
Leadership Committee of the hotel, and 
Department Leaders in the Rooms division met . 
to review the project. The group was re
edu~ated on Six Sigma and the DMAIC model. 
Data and analysis of data collected during the 
project was shared. 1 Rapid Recovery and its 
capabilities were reviewed, and reports were 
shared. This meeting was a project transition 
meeting so that all stakeholders could be brought 
to a common understanding of the project. 
Meetings with individual department leaders to 
confirm details of the control plan followed, 
understanding that a control plan is not imposed, 
but mutually agreed to. The final control plan, 
hand-off meeting was August 15, 2008. 



9. cootrd Plan · . · 

The objective o~ the project was to create a 
reliable data collection method that would 
provide concise data that could then be 
analyzed. The Rapid Recovery database was 
designed to control input to pre-determined valid 
rebate reasons and revenue centers. This is done 
for the ultimate objective of satisfying guests 
and eliminating rebates that cut into revenue. 
Processes have been institutionalized that 
control the rebate reasons and to monitor the 
reasons rebates are given at the Front Desk. The 
control plan ensures that these processes will be 
permanently sustained by the operators without 
ongoing intervention by the Six Sigma team. 
Rapid Recovery provides a tool for the 
organization and provides the opportunity to 
prevent faulty rebate reasons so that future 
action can be directed toward preventing the root 
causes of guest dissatisfaction. 

10. Coodusoo 

Hotel employees are empowered to "Make 
It Right" for any guest who raises an issue of 
dissatisfaction. Employees can offer up. to $200 
off the guest bill to satisfy a guest. That results 
in lost revenue against room, food and beverage, 
telephone, movie, or parking charges. These 
rebates were not measured previously, so root 
causes could not be identified or addressed. The 
project champion asked the team to focus only 
on room, telephone, and movie · rebates. The 
project objective was achieved by improving the 
process for data collection to enhance the quality 
of the data. This allowed management to take 
action on the root causes driving the rebates. 
The - goal was never to eliminate rebates 
completely or to restrict employees' 
empowerment, but to identify rebate reasons that 
can be correct"ed once they are identified_. 

A database was designed to allow TEAM to 
enter set, well defined rebate reasons for each 
revenue center that could be measured and 
reported. TEAM were trained on the new 
process and rebate reasons were collected for a 
30-day period. Defective (unclear) reasons were 
dramatically reduced, and now there are clearly 
defined reasons for rebates. The process 
currently allows management to identify the root 
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causes of the rebates and take action to eliminate 
their occurrence in the future. The results will 
be improved TEAM satisfaction (less 
complaints), improved guest satisfaction (no 
repeated problems), and improved revenue 
(fewer dollars lost to rebates). Results may 
potentially provide justification for 
enhancements to the current Lodging 
Management System so this data could be 
captured and reported from the operating system 
as opposed to a separate database. This data 
also provides a future opportunity to trend 
consistency of behavior by TEAM or by 
convention group. 

Future analysis could be done on rebates by 
TEAM or by convention group. The accounting 
team has expressed interest in utilizing the Rapid 
Recovery database for the rebates that they 
generate. One example is the contracted 
complimentary room for every 50 rooms a group 
books. Food and Beverage has potential to 
utilize this process as well, to identify and track 
guest concerns related to their dining 
experiences 
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Abstract 

Current mobile agent technology lacks 

standardization and often requires specialized 

software that is platform and language 

dependent. This creates compatibility issues and 

renders painless integration with existing · 

systems infeasible. In this paper, we present a 

web services based mobile agent migration and 

security architecture that allows mobile agents to 

securely migrate from host to host via web 

services. . Existing web service security 

protocols, such as WS-Security, can be 

implemented to secure web service 

communication, thus securing mobil~ agent 

migration. By utilizing proven tech~ology over 

existing protocols and servers, modification of 

existing systems is inherently mitigated; thus, 

near effortless assimilation of a secure mobile 

agent migration architecture is feasible. 

1. I ntrocluction 

There is currently an immense push to 

migrate from a wired perspective to a wireless 

one. .We see this with the growing t~end of 

mobile device use. The traditional method of 

connecting to a network via cables is now being 

replaced with wireless network cards and 

routers, thus providing untethered network 

connectivity. · Mobile computing is indeed 

becoming more prevalent; wireless networks are 

popping up everywhere. 

Notwithstanding their _ usefulness _ and 
growing technologicat" advancements, mobile 

devices do come with several disadvantages. 

They do not typically maintain continuous 

network connectivity in order to conserve 

battery life. Moreover, they usually have less 

co~putational power than their larger "desktop" 

. counterparts. It is therefore quite common to 

distribute applications· and services intended for 
· users of mobile devices in order. to address these 

and other concerns. 
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The mobile agent paradigm has shown 

promise in addressing challenges inherent to 

distributed. systems and has proven to be quite 

useful in addressing issues . pertinent to 

computing on mobile devices. It is worth 

mentioning the stark difference between mobile 

rorrputing as mentioned above and mobile 

rorrputation. The latter embraces the idea of 

physically moving the computations themselves 

from one location to another. In this scenario, 

we might see a complex mathematical 

computation initiated on a mobile device, but 

being performed elsewhere on a fixed · 

computing resource-perhaps where the 

necessary data resides; the result is then 

delivered to the mobile device once computed. 

This is where mobile agents demonstrate their 
strength. 

Mobile ag~nts have numerous benefits; for 

example, they have been shown to_ significantly 

reduce bandwidth requirements and are quite 

tolerant of network faults [14]-both of which 

benefit users of mobile devices. Furthermore, 

they are well-suited to carry out coordinated 

distributed tasks. They are being used in 

numerous ways: for example, in e-commerce 

[17]; network monitoring [9]; intrusion detection 



and protection [7];· data gatheri~g, integration 

and fusion [ 18]; resource discovery; and 

dynamic software deployment. . . 
Unfortunately, a few presumptions exist 

with the use of mobile agents. There must often 

be a common execution environment and/or a 

common underlying architecture and operating 

system. Dedicated specialized server software 

must be installed on every host that wishes to 

support _ agent migration. This presents 

compatibility issues and complicated integration 

with existing systems. 
Web services are common and readily 

available, and uniquely provide an open standard 

for a secure distributed service-oriented 

architecture (SOA). Furthermore, accessibility 

to web services allows providers an expanded 

reach of their services, especially with the 

growing trend of mobile device use. 

SOA · is a model that provides the 

mechanisms necessary for the integration and 

cooperation of service-providing systems. It 
requires that participating systems expose the 

services they wish to provide via a common 

interface. These services are then invoked from 

a service provider to accomplish some desired 

task. 

Our approach to standardizing the mobile 

agent paradigm is to combine th~ flexibility of 

mobile agents with availability of web services. 

By utilizing web services to facilitate agent 

migration, we can standardize the assimilation 

process, thereby making it less painful and 
involved to implement. 

There has been s_imilar research in this area: 

for example, an XML-base~ multi-agent system 

wherein the ~gent is "described" in XML thus 

permitting the use of mobile agent platforms that 

are not programming language dependent [22]

but this does not address the standardization 

issue; mobile agents with web services 

(MAWS), where agents are attached to the 

XML/SOAP message when a web service is 

consumed [1]-the approach is valid, but 
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requires complex service handlers on every host 

to separate the mobile agents from the SOAP 

attachments; mobile web services (where the 

web service actually moves and is implemented 

as an agent) [2, 11 ]; a method that uses 

JavaBeans to integrate multi-agent systems into 

the existing web infrastructure [12]; and others 

who have addressed the security aspect of 

migrating agents within the realm of web 

service-based agencies [3-6, 8, 10, 13, 25]. 

In this paper, we show that web services can 

provide the required backbone framework for 

secure mobile agent migration. In Section 2, we 

provide an overview of mobile agents and web 
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services-including security issues, and 

introduce our approach in Section 3. We 

provide a discussion in Section 4 and concluding 

remarks in Section 5. 

2. Mobileagentsand web servias 

A mobile agent is a type of intelligent 

software agent [2~]. It is an autonomous entity 

or object that acts on behalf of a user, reacts to 

its environment, and can suspend its execution, 

wholly migrate from one host to another, and 

resume its execution. Mobile agents possess 

social ability, are proactive, and can learn. But 

what exactly characterizes this intelligence? In 

artificial intelligence, it typically implies an 

exhibition of characteristics similar to humans 

such intention and motivation [24]. Techniques 

within the domain of soft computing [ 19] are 

often used to assimilate intelligence; for 

example, fuzzy logic, neural networks, expert 

systems, and genetic algorithms. 

Mobile agents introduce numerous 

advantages including reduced network load, 

parallel processing abilities which yield great 

scalability, dynamic adaptation (such that its 

actions are dependent on the state of a host 

environment), tolerance of network faults, and 

flexible maintenance ( e.g. for remote software 

deployment) [14, 17, 21, 23]. 



It is important to note that a mobile agent 
does not exist without the concept of an agency. 
The agency serves as a storehouse for agents and 
provides a sandbox of sorts while the agent is on 
a remote host. It additionally provides an 
interface for available resources such as data 
access or computational facilities. 

Mobile agent migration involves several 
crudal steps: suspension of execution, 
identification of current state, serialization, 
encoding (which may include encryption), and 
transfer to a remote host. Once transmitted and 
authenticated by the agency, it is decoded . 
(which may include decryption), deserialized, 
instantiated, .its previous state is restored, and it 
resumes execution on the remote host. 

The mobile agent approach transfers mobile 
code-including state and behavior-where it is 
then executed. There is a clear crossing of the 
administrative boundary which raises security 
issues. Often, there is a negative connotation 
that surrounds the mobile agent (mobile code, in 
general) since it is autonomous, travels, and may 
have access to data and resources. Technically, 
a mobile agent could be consid�red similar in 
design to a virus, thus the reasoning behind the 
coupled agency. 

A web service is a software system that is 
designed to provide a reliable mechanism for 
machines to interact over a. network [2]. It 
provides universal interoperability between 
platforms and ·architectures, applications and 
languages using commonly utilized standar�s. 
For example, it features communication over the 
standard Hypertext Transfer Protocol (HTTP), 
and the most common system implementation 
includes clients (applications) and servers (web 
services). Web services further support remote 
procedure call (RPC), allowing an application 
method to be "called" remotely, and SOA
where the message is more important than the 
operation bdlind the message. They utilize 
XML messages that follow the Simple Object 
Access Protocol (SOAP) standard for 
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exchanging structured information. With web se services, it is possible to break an application isinto many parts and distribute therri remotely; a1 the application_ can 'then be executed on 
numerous remote systems that host its parts. in 

A web service publishes its service 
e1 

description in a machine-readable format known rr. 
as the Web Service Description Language tr 
(WSDL). Discovery of available web services is p, achie�ed via a Universal Description Discovery ei 
and Integration (UDDI) registry, essentially a 

p 
global "phone book" of web services. b 
Discovery of mobile agent-enabled web services p
is then _easily performed via a simple· tookup of · v
the registry. d 

2.1. Security 

There are many issues to ponder when 
considering security of mobile agents and web 
services. More than likely, a web service will 
know nothing about the agents it authorizes, so it 
must be protected from potentially malicious 
agents that try to steal data 6r have access to 
resources they should not have access to. · 

In the typical case, it will provide agent 
identification,· authentication, verification, and 
execution restriction. within the "sandboxed" 
environment.· A commonly utilized technique 
involves tracing an agent's execution while on 
the host [ 15, 20]. The trace can later . be 
analyzed for anomalies. 

·The reverse _is also true in that a malicious
web service can pose as a legitimate one, 

· thereby potentially harming an agent. by 
attempting such things as reverse· engineering,
stealing data, or preventing it from arriving at its
intended destination(s). Far worse may be to
redirect and reprogram an agent to perform tasks
that it was not original1y intended to do. This
can be especially problematic for agents used in
e-commerce; for example, consider an agent
whose job it is to purchase a service on your
behalf. It may be reprogrammed to purchase the
most expensive service or perhaps the wrong
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· altogether .This remains an important service · . 
issue that precludes mainstream use of mobile 

agents in e-commerce. 
There are numerous techniques one can 

implement when attempting to provide a secur~ 

environment for mobile agents. For example, 1t 

may- be possible to restrict access to a proven 

trusted environment. Unfortunately, this is 

particularly difficult to accomplish and is further 

encumbered by a lack of formal tools to ensure 

provability in software. Secure hardware may 

be used, but it is expensive and therefore not 

particularly practical. Encryption of the agent 

while in transit prov.ides adequate securi.ty 

during the migration process, but offers no 

protection while the agent is on the host. There 

have also been many techniques that attempt to 

provide partial agent security; for example, 

partial result authentication codes [ 13] encrypt 

execution results on a host with a throwaway 

key prior to migrating to another host. 

Malicious agencies cannot then forge results 

from previous hosts. Encrypted functions and 

obfuscated code [15] attempt to hide proprietary 

algorithms. Environmental key generation [ 13] 

assures the agent that it is executing on a trusted 

host by generating a key that is strictly 

dependent upon its executing environment; a 

malicious host may · not know th_e specifics of 

that environment. The master-slave approach 

exploits the idea that many save agents do 

nominal work and are not aware of the scope of 

the entire task. Ifthey are compromised, the 

leak of information is contained and· minimized . . 

These techniques ultimately depend on the 

agent · designers' requirem~nts-what is more 

important to them. In some cases, the. data an 

agent gathers or the information that is inferred 

from processing the data must be protected from 

prying eyes. In other cases, an agent's itinerary 

(where it has been and is subsequently going) 

must not be disclosed; or perhaps its algorithms 

are proprietary and state-of-the-art. In any case, 

numerous techniques exist that attempt to 
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address these and other security requirements 
[13]. 

Several other formal methodologies also 

address web service security. WS-Security [3-5] 

provides XML encryption and XML signature in 

SOAP. Extensions to this such as WS-Trust and 

WS-SecureConversation [3] further extend it by 

addressing the security of entire web service 

sessions as opposed to individual messages. 

WS-Security was originally designed to augment 

HTTPS. WS-Reliability [ 16] is another standard 

for reliable inter-web service messaging and 

WS-Transaction standardizes the coordination of 

web service transactions. 
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3. Web servica;asagent hoas 

Web services are inherently static and adhere 

to a typical synchronous paradigm. Multi-agent 

systems, on the other hand, fo11ow an 

asynchronous methodology in that there is no 

need to maintain connectivity of any kind. Our 

architecture consists of inte11igent mobile agents 

and web servi~es that replace traditional 

agencies. The web service be:::orres the agency 

and provides the agent's interface to services. 

XML/SOAP provides the transport mechanism. 

[t is possible to implement web service security 

standards such as WS-Security to achieve secure 

migration. 

Migration is achieved by "passing" a mobile 

agent in an encrypted serialized form as a web 

service method parameter. In this case, it is 

ultimately packaged in the XML/SOAP message 

and encrypted. Resumption of mobile agent 

execution on a new host is achieved via 

decryption and deserialization of the agent with 

subsequent instantiation and state appraisal. So 

migration essentially simplifies to a form of 

RPC whereby the mobile agent is a "method" 

parameter. 

. A migration method must be defined on each 

participating host web service. This would seem 

to negate the motivation for using web services 

in the . first place, but a solution to the 



d~stribution and population of this method is 

-discussed in Section 4. 

· 3.1. Security 

This architecture supports the use of existing 

mobile agent security techniques in addition to 

typical encryption methods provided by, for 

example, WS-Security. Proprietary encryption 

algorithms_ can be implemented by encrypting 

each serialized agent prior to migration and 

subsequently decrypting it. Other techniques 

can be implemented by providing the ·necessary 

methods on the web service. 

Security in transit can be accomplished by 

using a variety of encryption algorithms. Each 

agency generates a unique public/private key· 

pair. _Prior to migration, the agent generates a 

random symmetric key and initialization vector 

(IV) which is used to encrypt the agent. The 

agent then uses the agency's public key to 
encrypt this key and IV._ It then migrates (along · 

with its encrypted key) to the agency via our 

method. The agent's key is then decrypted by 

the agency using its own private key, and the 

agent is subsequently decrypted , using the 
decrypted key and IV. 

The web service must then authenticate the 

decrypted agent. This is accomplished by 

simple type verification. The process of 

deserial ization and instantiation cannot 

successfully occur l:lnless the agency maintains a 

valid genetic makeup of the agents it will accept 

and authenticate. Distribution of supported 

agents. is addressed in Section 4. 

Identification of the agent is performed via a 

biometric identifier. This identifier is verified 

by the sandbox. In the basic case, it can simply 

be a hashed key which is simply matched to 

some stored version, thus implying the use of a 

database .of supported individual agents. 

Authorization of resource use and data access is 

achieved by further database lookup to 

determine approved operations. 
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3.2. Wm serviasassatic agents 

There are cases in which static agents prove 

to be useful. For example, Rahimi and Carver 

propose a · hierarchical multi-agent architecture 

· that employs the use of information agents, the 

goal of which is th.at each agent provides 

expertise on specific topics [ 18]. Some agents, 

called wrappers, simply provide knowledge of a 
very specific type of information source (e.g. 

relational-databases, images, text, audio sources, 

etc). These wrappers aid in the identification of 

data types and services, and are considered static 

(i.~. they do not migrate). 

. Web services as agencies can be retooled to 

function as static agents. Simply exposing a 

· method that performs the task of a static agent is 

adequate. Other agents {perhaps mobile) can 

then query· the static agent by "calling" this 

method and consuming the web service. The 

result expresses a reply by the static agent. 
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4. Dis:ussia, 

An unfortunate side-effect exists in the use of 

web services as agent hosts. A "migrate" 

method must be integrated to each web service. 

The motivation to use web services is clear in 

that it provides a method· that uses standard and 

common protocols. Therefore, integration 

complexity is minimized by not having to install 
dedicated software on every host; the · 

assumption is that this component already exists. 

The distribution of a modified migration method 

(and perhaps other supporting methods) appears 

to re-complicate integration. This is re_ctified by 
dynamically specifying a new method of 

migration via a managa11a1t agent. This agent 

contains a new migration implementation as its 

data component. It is sent to all agencies using 

the old migration method and upon execution 
resumption delivers the new migration 

instructions. The web service is then updated 

and dynamically recompiled to support this new 



metho~ which sub~equent agents then use to 

migrate to the host. 
. This can be exte~ded to deliver the genetic 

makeup of "approved"agents-those authorized 

to migrate-to relevant web services. The 

management agent can carry and deliver the 

genetic information to relevant agencies using 

the same process used to provide a new 

mechanism for migration. 
Dynamic introduction of new agencies within 

. the agent's realm of travel is inherently 

supported by using the UDDI registry. 

Periodically, agents can lookup newly 

introduced · agencies in the registry and 

subsequently migrate to them if desired. 

Similarly, agencies that drop out of "existence" 

can. be purged from the registry and removed 

from an agent's itinerary. 

5. Coodusion 

In this paper, we have presented an approach 

to implementing a web services based mobile 

agent migration and security architecture that 

allows mobile agents to securely migrate from 

host to host via· web services. Compatibility 

issues are mitigated by providing mechanisms 

and tools that utilize existing protocols and 

applications that are standardized and widely 

available. Integration into existi.ng systems is 

thus rendered palpable. 

Existing web service security protocols and 

_mobile agent security techniques are supported, 

and can be utilized to secure mobile agent 

migration ·from host to host; security while ·on a 
host is also supported. 
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Abstrad 

Overviewed in this paper are the various 
technologies used in distance learning. 
Introduced is a low-cost and effective method 
that employs flash video technology to suppqrt 
teaching and improve student-learning outcomes. 
This technology readily allows users to create 
powerful and engaging simulations, scenario
bas·ed training, and robust quizzes without 
multimedia skills or computer programming 
knowledge_. 

1. I ntrodudioo 

Because of today's technologies that enable 
distance learning to reach more stud_ents, in 
more locations at any time, and with fewer 
instructors, teaching and learning are no longer 
limited to the classroom or the custom school 
day. The instruction delivered via print, voice, 
video, or computer technologies allows 
communication between the teacher and student 
to be interactive as well as allows immediate or 
delayed feedback between them. 

Though distant learning has its similarities to 
classroom learning, some significant differences 
exist. While instructors of distance ·1earners must 
accomplish the same learning goals as those 
working in conventional environments, 
separation from the learners and instructors puts 
additional challenges onto the instructors. 
Distance courses are delivered through the 
technologies of printed materials, computers, 
audio and video tapes, discs or cassettes, radio 
or television broadcasting, audio, video, or 
computer teleconferencing, or packages of 
combined materials [I]. Such media are 
packaged for delivery via the Internet, including 
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the World Wide Web. Two types of delivery 
types of distance learning are synchronous or 
asynchronous . Synchronous delivery means that 
the teacher and the student interact with each 
other in "real time." In two-way 
videoconferences, for example, students interact 
with "live" video of an instructor. Also 
synchronous are less complex technologies, such 
as telephone conversations. Asynchronous 
delivery on the other hand is not simultaneous. 
The instructor in this case delivers the 
instruction via video, computer, or other means 
for the student's later response. Instruction may 
be delivered via the Web or videotapes, for 
example, and the feedback could be sent via e
mail messages [2]. .. 

Even though distance learning has the 
capacity to reach more people in a more cost
effective manner than traditional classroom 
instruction, a question exists whether the 
emerging technologies of distance learning will 
resolve equity and access issues or create new 
equity and access issues [3]. For instance, 
Ameritech [3] states that educational institutions 
are faced with the growing pressure to enhance 
curriculum quality while maintaining equity in 
education. This is all the more difficult for 
educator with severe budget constraints. Access 
inequities to these resources abound across the 
nation. Educators would like to take advantage 
of long distance learning but cannot fully do so 
with limited funds. Knowing this, Lemke [3, 4] 
advocates for the use of less exotic ( cable and 
broadcast television, audio-conferencing, fax, a 
compressed video network, telephone, and voice 
mail), and therefore, less expensive technologies 
in equalizing access to educational resources. 
Usually, synchronous delivery methods are 
much more expensive than asynchronous ones. 



Most of the asynchronous communications are 
in the form of text. Therefore, low cost 
asynchronous video techniques are highly 
·recommended. The ability to see and hear an 
instructor offers opportunities for behavior 
modeling, demonstrations, and instruction of 
abstract concepts. Interest is mainly in low cost, 
personal computer generated flash video 
technologies in which videos are freely 
delivered through the Internet. 

2. Flam Video Technologies 

· Currently, two handy and affordable products 
for making flash videos, Adobe Captivate® 3 [5] 
and Camtasia Studio [6], can easily record the 
computer screen, PowerPoint, multiple audio . 
tracks, and webcam video to create compelling 
training videos without the instructor ever 
leaving his or her personal computer. All that is 
needed is a personal computer, software, a 
microphone, and a webcam. Via interactive 
videos, high-quality content can be delivered 
freely around the clock, to even the most remote 
audience. Adobe Captivate® 3 and Camtasia 
Studio are offered at special educational prices 
at $170 for each · permanent license. 

Adobe® Captivate® 3 is a multi-mode 
recording system that enables anyone in 
education to quickly create robust and 
interesting simulations, software demonstrations, 
and scenario-based training without multimedia 
skills or computer programming knowledge. 
Based on Adobe Flash® technology, Adobe 
Captivate 3 aut<?matically generates interactive, 
Adobe- Flash-Player-compatible content for 
easy online distribution and access. Students, 
faculty, and administrators can record onscreen 
actions, add eLeaming interactions, create 
complex branching scenarios with rich media 
that engages learners easily using a simple point
and-click interface. The disadvantage, however, 
of Adobe Captivate, appears to have a 
frustrating . lag time when recording in full 
motion. 

As single full-motion screen recording 
software with a full-motion recording capability 
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that records the screen, webcam video and voice 
Camtasia Studio easily produces· professional'. 
quality video presentations with small file sizes 
suitable for Internet posting, burning on CD. 

· ROMs; or delivery by other popular file formats. 
Adobe Captivate and Camtasia Studio each 

have their unique properties that make one better · 
than the other in performing different functions. 
Overall, · Adobe Captivate 3 is the superior 
product. · Similar competing products include 
Qarbon, TurboDemo, W_ink, and CamStudio, but 
none offers as large a feature set as Adobe 
C~pt_ivate 3 or Camtasia Studio [7]. 

3. ~xperiments 

Several courses and projects have been 
completed using Adobe Captivate 3. The flash 
videos, for example, were created in the form of 
a PowerPoint presentation but with more 
dramatic visual effects, customized voice 
elements, and Flash-in-Flash embedding. A 
demo can be found at: 
http:!ispectrum.trov.edu/~xhuan/demo.html. 

Adobe maintains that there is no limit to the 
number of slides that can exist in an Adobe 
Captivate project. The number of slides depends 
on how robust the computer is. There is also no 
audio-size limit. One . experiment contains a 3-
hour lecture with 40 PowerPoint slides. The 
final size of the flash video file is approximately 
75 megabytes. To output the flash video, the 
software takes about 25 minutes. Adobe . 
Captivate 3 appears to have good compression 
schemes since the final video size is reasonable. 
In an e-learning system such as Blackboard, 
each person may· · have 200 megabytes. The 
teacher can have students download _the flash 
video and update the course contents. 

4. Summary 

Two low-cost and effective products for 
creating gripping flash training videos are 
introduced along with several related courses 
implemented by the software. 
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Absrad 

Lean Six Sigma is an industry practice of 

process improvement that has varying levels of 

success. This paper will describe an assessment 

of Lean Six S_igma practices within an aircraft 

manufacturing facility. The study involves th~ 

evaluation of inventory cycles, production 

processes, maintenance procedures and 

operations, facility layout, quality control, and 

other key metrics and criteria used to improve 

the manufacturing facility._ 

1. lntrodudioo 

Lean Six Sigma (LSS) is a methodology that 

is prevalent in our society today when it comes 

to achieving. highly effective improvements in a 

company's operations. In companies such as 

Lockheed Martin, Raytheon, Boeing, Dell, Wal

Mart, NEC, and Hewitt-Packard, that have LSS 

programs in their organizations, study shows 

·that the implen:ientation of this methodology has 

yielded excellent results [1][5]. Key benefits 

from . the implementation of LSS include the. 

reduction of cost, elimination of wa-ste in a 

process, improvement in production quality, 

fewer defect rates and increase in profit. 

In order to remain competitive, companies 

are trying to make their manufacturing facilities 

more efficient using LSS [2], However, before 

the implementation of LSS in an organization, it 

is necessary to carry out a LSS assessment to 

identify what areas need to be leaned out [3] . 
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This .research is on an LSS assessment study 

of an aerospace manufacturing company, Middle 

R~ver Aircraft Systems (MRAS). Even though 

MRAS has some LSS implementations in its 

organizat_ion, it is not at the level it wants to be 

to remain competitive. The LSS study carried 

out assesses a section of the facility to identify 

the areas that need improvement. 

2. Back~ound 
Middle River Aircraft Systems (MRAS), a 

subsidiary of General Electric Co., was founded 

in 1929 by aviation pioneer, Glen L. Martin. Its 

headquarters is located in Eastern Baltimore 

County, Maryland. MRAS designs, 

manufactures, and services aero structures and 

nacelle . systems for commercial, military 

aircraft, and government markets. It is also a 

supplier of jet engine thrust reversers as well as 

a digital line of CNC-machined parts [ 4]. Some 

of its customers include GE, Boeing, Pratt & 

Whitney, and Lockheed Martin. 

Over the last .four years, M RAS has seen 

considerable growth in revenues, with business 

increasing 74%. The organization continues ·to 

expand its workforce to meet increasing 

customer d~mand, hiring over 300 new 

employees since 2004. The one _million square 

foot facility contains manufacturing, laboratory,_ 

and engineering facilities designed specifically 

for the development and production of 
aerospace systems [ 4] '. 

According to MRAS, the organization is 

constantly finding ways to improve its programs 



and processes. The ~ompany remains committed 

to des.igning and building aerostructures for 

today's needs and . tomorrow's vision, and 

maintaining its reputation for providing 

customers with products and services that 

e~ceed quality requirements [ 4]. 

3. Objectives 
The purpose of this research is to evaluate 

and perform an assessment study of a current 

· manufacturing process within the Middle River 

Aircraft Systems organization to achieve Lean 

Six Sigma goals. The study involves the 

evaluation of inventory cycles, production 

processes, maintenance procedures and 

operations, facility layout, quality control, and 

other key metrics using a LSS assessment tool. 

4. Literature RevieN 

4.1 What is Lean Six Sigma? 

Lean Six Sigma is the joint application of 

Lean and Six Sigma tools to increase 

organizational process speed and improve 

efficiency while focusing on customer issues [ 1]. 

Lean focuses on eliminating non-value added 

steps and activities in a process while Six Sigma 

focuses on reducing vanatton from the 

remaining value-added steps. Lean ensures for 

organization in a process, Six Sigipa ensures for 

accuracy in a process. Lean identifies and 

establishes the value flow, and Six Sigma 

makes the value flow efficiently. 

4.2 Why Lean Six Sigma? 
Lean Six Sigma is · a . methodology that 

increases value by achieving improvement in 

process speed, cost (invested capital), quality, 

and customer satisfaction. The combination of 

Lean and Six Sigma improvement methods is 

required because Lean, when used alone, 

cannot bring a process under statistical control. 

When Six Sigma is used alone, it does not 

reduce invested capital or increase process 
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speed. However, when both are used togeth'er, 

they optimize a process by reducing 

complexity and variation that may arise. 
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Figure 1. Comparison of Lean and Six 
Sigma 

4.3 History of Lean Manufacturing 

The first signs of Lean Manufacturing date 

back to 1799 when Eli Whitney developed the 

idea of interchangeable parts for his inventions 

[6][7]. Credit also_ goes to Henry Ford, who also 

made a huge contribution to Lean 

Manufacturing. In 1910, Henry Ford developed 

the first moving assembly line when he 

produced the Model T automobile [7] . He 

recognized the importance of cycle time and 

continuous flow. His assembly line incorporated 

machines, people, and tooling in a way that 

could manufacture a product more efficiently by 

eliminating waste. Another person that also had 

an impact on Lean Manufacturing was Taichi 

Ohno. In 1949, Ohno developed what was 

known as the Toyota Production System, which 

was an improvement on Henry Ford's assembly 

line invention. He developed the idea that 

instead of just one product being mass produced, 

many products could be manufactured at the 

same time, but with short setup times and in 

small sets [7]. 
Lean is a set of tools that identifies and 

eliminates waste, improves product quality, 

reduces project cost and production time. Some 



popular Lean tools include Five S (sort, shine, 

.. set, standardize and sustain), Value-stream 
mapping (VSM), Just-in-time (JIT), Poka-yoke, 

Kaizen, Kanban, etc. 

4.4 History of Six Sigma 

Motorola, the originator of Six Sigma, 

adopted the philosophy because they were being 

consisten!IY beaten by their competitors who . 

were able to produce superior quality products at 

a lower cost. When a Japanese firm took over a 

Motorola factory that manufactured Quasar 

television sets in the United States in the 1970s 
' 

they made changes in the way the facto·ry 

operated. Under Japanese ma·nagement, the 

factory was soon producing TV sets with 

considerable lower number of defects unlike 

when it was under Motorola management. They 

accomplished this by improving Motorola's 

management using Six Sigma [7]. 

Six Sigma is a _ statistical approach and 

methodology for eliminating defects in any 

process. It focuses primarily on improving 

quality by making products and services better, 

faster and cheaper. There are t\\'.'O main Six 

Sigma processes which include The Define 
' 

Measure, Analyze, Improve and Control 

(DMAIC) improvement proce·ss usually used on 

existing processes or products that fall below the 

Six Sigma requirement, and The Define 
' 

Measure, Analyze, Define and Verify 

·coMADV) improvement process usually us~d 

on new processes or products trying to achieve . 

Six sigma quality. 

5. Research Methodology and Approach 

The research approach used in this study is 

similar to that used by Shahram Taj (2005) in his 
paper "Applying lean assessment tools in 

Chinese hi-tech industries". Taj , with the help of 

some of his students conducted a lean 

assessment study on 65 manufacturing plants in 

China. Using the same assessment tool that was 
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used m this study, he evaluated the 

manufacturing plants in nine . key areas of 

manufacturing: inventory, team approach 

processes, mai!)tenance, layout/handlin~ 

suppliers, setups, quality and scheduling and 

control. 
The research methodology used in thi s study 

is grouped into four stages: The selection of a 
LSS assessment tool, a preliminary visit out to 

the facility, execution of the assessment, and 

analysis· of the results from the assessment. 

5.-1 · Selection of a LSS Assessment Tool 

The first stage of this research project was to 

select a LSS assess~ent tool to be used in the 

evaluation of the current level of LSS at MRAS. 

Different assessment tools were compared and 

contrasted to meet specific requirements. The 

decision criteria were created based on the 

usability of the assessment tool, metric, 

familiarity with MRAS, detail , and affordability. 

· These factors were used as a benchmark for the 

selection process. 
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The LSS assessment tool selected for this 

study was Strategos Lean assessment tool 

developed by Quarterman Lee at Strategos Inc. 

Several · popular . as~essment tools were 

considered, but it came down to the following 
options: 

• 

ill 

• 

• 

Strategos Lean assessment tool 

developed by Quarterman Lee at 

Strategos I_nc. 

Lockheed Martin Lean assessment tool 

developed by Lockheed Martin Corp. 

Shingo Prize Model developed by 
Shigeo Shingo 

Throughput Lean assessment tool 

developed by Throughpu(Solutions 



Table .1. LSS Assessment Tool (LSSAT) 

Decision Criteria 
- Dedaon Criteria 
-LSSAT Usability Metric Familiarity Detail Affordability 

Strate gos X X X X X 
LM X X X X 

- Shingo X X 
Prize 

Throughput X X X 
-

As shown in Table l , the decision criteria 

used in the selection of a LSS assessment tool 

for the study were in terms of: 
Usability. One of the factors considered in 

the selection of the assessment tool used in this 

study was ease of use. It was observed that for a 

first-time user, the easiest to understand and use 

was Strategos lean assessment tool. 

Corrputu-batRJ rreric. Another criterion 

that was considered for the LSS assessment tool 

selection process was the ability of the tool to 

generate metrics as needed, as well as be 

computer-based. 

Farriliarity with MR4S MRAS, being a 

practitioner of LSS; is familiar with some of 

these assessment_ tools. It was best to use a tool 

that the company was not familiar with. 

Daai/: It was necessary to use an assessment 

tool that measures essential areas of 

manufacturing such as inventory, processes, 

maintenance, quality of product, etc. 

Affordability. An assessment tool that was cost

effective was preferred for this study. 

Strategos Lean Assessment Tool 

The Strategos Lean as_sessment tool (SLAT) 

developed by Quart~rman Lee at Strategos Inc. 

uses an · Excel template to ~ecord data from an 

assessment study and scores the results. It 

evaluates nine keys areas of manufacturing 

namely: inventory, team approach, processes, 

maintenance, layout & material handling, 

suppliers, setup, quality and production control 

& scheduling. The final output from the 

assessment tool is a "radar chart" that visually 
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displays the company's current LSS status and 

the gap from its specific LSS targets [8]. 

Each manufacturing area comprises of about 

three to six questions and the questions in each 

area attempt to focus on the key performances in 

the organization. 

I nl.eltcry. In a Lean environment, the inventory 

tum ratio is either close to or better than the 

industry average [8]. Questions in this section 

aim to measure the rate at which inventory in the 

organization· is sold and replaced over a period. 

Team Approach: Participative organizations 

work best with LSS concepts. In a participative 

organization, the input of the employees is as 

valuable as that of management. Both come 

together to achieve company goals. In this 

section, SLAT measures the organizational 

culture; the working conditions and relationship 

between management and its employees in the 

company. 
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Prooesses. In this section, SLAT aims to 

measure the Leanness in the organization's 

production proces·ses. In a Lean workplace that 

makes multiple products, each product or 

product group has dedicated equipment, sized to 

the needs of that particular product or group. 

This is to avoid problems in changeover, 

scheduling, handling and quality. 

Maintenance: The fourth section, maintenance, 

evaluates the manufacturing system maintenance 

procedures, equipment downtime and uptime 

and the severity of preventive maintenance in 

the organization. In Lean Manufacturing, 

preventive maintenance is highly emphasized 

upon, since losing any equipment due to 

unexpected downtime in a cell would result to 

stopping the operation in that cell which is a 

cost. [9] 
La)O.lt & Material Handing: The questions in 

this section evaluate the space allocated to 

inventory, type of plant layout, and material 

movement around the facility. A poor factory 

layout and the resultant material handling can 

create difficulty and significant waste in a 



production process. Layout also reflects the 

. effectiveness of other factors such as purchasing 

and the company's scheduling policy [8]. 

Su~iers In a Lean organization, its supply 

chain uses dependable supplier(s) in long-term 

relationships; supplier(s) that can be trusted to 

deliver high quality parts at a competitive price 

and also on a time [8]. SLAT assesses the type 

of relationship the organization has with its · 

supplier(s). More than one supplier for a single 

part often indicate a lack of trust that is probably 

based on poor past performance. 

Setup: In this section, the questions assess the 

average time it takes for major equipment to be 

set up for use, _the effort that has -been taken by 

management to reduce setup times and also if 

setup performance is tracked and evaluated by 

management. 

Quality: High quality is a requirement for any 

manufacturer [8]. The way it is achieved has a 

large effect on productivity and overall, 

effectiveness. This section of the assessment 

emphasizes Statistical Process Control (SPC). 

SPC is an optimization philosophy concerned 

with continuous process improvements, using a 

collection of statistical tools for data and process 

analysis [ 1 O]. 
Schedlling & Prailction Canrd: Scheduling 

& production control systems often create many 

problems. They sometimes reflect the problems 

created by other policies and decisions made by 

management. The· best production control & 

scheduling systems for Lean Manufacturing are _ 

simple and give very fast response to changes in 

dema~d. Examples include · Kan ban and 

Broadcast scheduling. In Kanban scheduling, a 

;mall stock of every part sits in a dedicated 

ocation with a fixed space allocation, and gets 

eplenished once a certain quantity is used. In 

lroadcast Scheduling, a final assembly 

peration - builds directly to schedule. The 

~hedule is simultaneously "broadcast" to 

pstream sub-assembly and · supply operations 

i]. In this section, the questions evaluate the 
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organization's scheduling process, and also 
measures on-time delivery performance . 

5.2 Preliminary visit out to the facility 

The next stage · after the selection of a LSS 
assessment tool was a preliminary visit to the 

plant. One of the purposes of this visit was to get 

a Visual Stream Map of the organization's 

manufacturing process. Figure 2 . shows the 

current _ manufacturing process of the Pratt & 
Whitney. assembly line process. During this 

visit, the manager of the Pratt & Whitney 

program gave a tour of the plant and introduced 

some of the shop •floor employees. MRAS is a 
unionized- organization; therefore, it was 
necessary· to inform some of the employees 

about the upcoming assessment. This was to get 

their cooperation and also ensure that they do 

not have any reservations regarding participating 

in the assessment. The second of purpose of this 

visit was to select a section of the plant to assess. 

Due to time constraints, it was .not possible to 

assess the whole plant. 
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MRAS manufactures thrust reversers for 

Pratt & Whitney, an aircraft engine 

manufacturing company. The program 

comprises of four processes: bonding, small 

parts, assembly and · shipping process. From 

observations during the tour, the Pratt & 

Whitney program assembly process was 

identified the most in need of improvement. This 

factor led to the decision to assess it. 

Figure 2. 
Process 



5 .3 Execution of ass~ssment 
After the preliminary visit, the next stage of 

this research project was to perform the 

assessment. The assessment was completed in 

two. days. During the assessment, various 

questions relating to the key areas of 

manufacturing were asked to the manager, as 

well as participating employees. They were very 

cooperative and provided necessary information 

needed for the assessment. Some of the 

employees on the shop floor were also 

interviewed in order to get their input on how 

they felt about working in the organization. On 

the shop floor, observations were made and 

necessary data were gathered and recorded into 

the Excel spreadsheet. 

6. Res.1lts 

The answers from the assessment questions 

were recorded into the Excel spreadsheet which 

generated a score worksheet and a lean profile 

chart. Based on each response provided~ a score 

between zero and four is given. The scores are 

totaled for each of the nine sections and the 

results are then displayed in a score worksheet. 

A lean profile chart is also created from these 

results, which shows the current status of the 

plant and the gap from their specific lean targets. 

Table 2 shows the score worksheet that was 

generated from the assessment. The first column 

· is the nine sections in the assessment. The 

second column is the section points, the · total 

score for each · section. The third column is the 

number_ of questions in eac_h section. The fourth 

column, section AVG, is calculated by _ dividing 

the section points (second column) by the 

number of questions in that section (third 

column). The fifth column, section percentages, 

is calculated by dividing the section average by 

four, which is the maximum possible score. The 

sixth column, "strategic impact factor" (SIF) is 

an important factor that is set by the user. This 
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reflects the relative importance of a particular 

section in relation to the others. A user can use 

different SlFs based on his or her preference. 

Total of all the sections should equal 100 

percent. The last column, the section target, is 

calculated by dividing the strategic impact factor 

column by the maximum number in that column. 

The SIF given for each section varied, with 

quality being the highest at 15 percent and the 

lowest being maintenance and layout, each, 

having a 9 percent weight. As a result of this, the 

section targets for each of the sections varied as 

well. 

As can be seen in the score worksheet, layout 

scored the highest with 90 percent, and the 

lowest scores were 8 percent, 17 percent and 3 l 

percent in inventory, setup and quality 

respectively. This is relative to their section 

targets. These three sections had the most gaps 

from their targets. 

Table 2. LSS Assessment Score Worksheet 

# STRATEIC 
SECTION SECTION OF SECTI ON SECTI ON IM PACT SECT. 

POINTS QUEST. AVG % FACTOR TARGET 

1.0 Inventory 
12.0% 80.0% 

2.0 Teams 
II 6 1.83 46% 10;0% 66.7% 

3.0 Process 7 117 29% ll ,0% 73.3% 

.0 Maintenance 
16 3.20 80% 9.0% 60.0% 

5.0 Layout 
18 360 90% 9.0% 60.0% 

0 Supplier 
15 3.00 75% 10.0% 66.7% 

7.0 Setup 
11.0% 73 .3% 

8.0 Quality 
15.0% 100.0% 

.0 Scheduling 13:0% 86.7% 

100% 

MAX : 15.0% 
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A radar~I ike chart called a lean profile chart 

is generated based on the results from the score 

worksheet. Figure 3 shows the lean profile chart 

generated from this LSS assessment score 

worksheet. The chart shows the current state of 

the assembly line process in the nine key areas 

of manufacturing and the gap from their target. 

1.0 Inventory 
1~:~~--- '-,.,_ 

9.0 Scheduling ,.,,.,-·'so. >,,....__ 2.0 Teams 

\ 

a.oauality 
'\ 

l 

\ 
\ 
\ 
\ 

7.0 Setup 
1 

\ 

\\ 
\ 3.0 Process 
I 
J 

f 
J 
J 

i 
J 
J 
i 
· 4.0 Maintenance 

Figure 3. LSS Assessment Lean Profile Chart 

7. Recommendatioos 

Low inventory turnover ratio· often implies 

poor sales: The best way to reduce inventory is 

by first, identifying the cause, - thereafter, 
measures can be taken to · minimize, if not 

completely eliminate it. Some causes of 

excessive inventory ( courtesy ·of Strategos Inc.) 

include: inflexible equipment, functional 

layouts, high defect rate (poor quality), and 

inappropriate scheduling. Table 3 shows· the 

effects of these causes and some improvement 

measures that can be taken to control/eliminate 
them. 

L; 
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Table 1. Causes, Effects and Remedies for 

Excessive Inventory 

Causes Effects Remedies 
Inflexible -Long, -expensive - Setup -
Equipment setups Reduction 

-Large batches ~SMED) 

-Inappropriate floor measures 
- Smaller 

layout scale equipmen1 

· f:unctional -Excessive material -
Layouts handling I 

-Work-in-process 
\ ARGET (WIP) queues 

Cellular Layouts! CTUAl 
-Disconnects/ 
interruptions I 

-Poor product 
quality 

High Defect -Unhappy -Six Sigma& 
Rate customers Total Quality 

-High scrap and Management 
rework costs (TQM) 
-Unpredictable -Workcells 
schedules -Work teams & 
-Inaccurate Quality teams 
inventory records -Cycle counting 

& Error 
reduction 

Inappropriate -Complex systems -Kanban 
Scheduling -Inaccurate Scheduling 

inventory records -Broadcast · 
-Large queues Scheduling 
-Long lead times · -Workcells 

8. CClldUSCll 

Lean Six Sigma is an industry practice 

improvement process that is known to lower 

inventory, improve company culture, eliminate 

wa.ste in a process, decrease defect rate, and help 

strengthen customer relationship. This LSS 

assessment on the Pratt & Whitney assembly 

line process at Middle Aircraft Systems 

identified manufacturing areas that need 



improyement. T9 remain competitive, 
improvement mea·sures need to be taken to bring 
inventory, setup, and. quality up to their targets. 
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Absrad: 

We propose a mobile agent network 

simulator. Our simulator is focused on mobile 

agents, rather than the network. · Faults such as 

node and transmission failure, and agency 

hostility are taken into account. Agents hav~ 

their own instruction set, and interpreter. 

Performance evaluations of this simulator are· 

proviqed as well. 

1. I ntroductioo 
The term 'mobile agents' refers to a 

paradigm of computer . programming clustered · 

around the idea of an 'agent.' The travel agent 

is a popular example for explaining mobile 

agents. A travel agent is given a task, or goal, 

and itself decides ori a plan to meet that goal, 

presenting only the refined plan, or result, to the 

user. To do this, the agent probably has to 

contact other entities to get various pieces of 

information, and then process that information 'in 

order to arrive at an answer for the m~er. Figure 

J shows a possible flowchart for a travel agent. 
Now, realistically, the travel agent probably 

doesn't move around to do this. The travel -

agent'might do this, if there wasn't infrastructure 

to get the information it needed already in place. 

Still, the analogy fits: a 'mobile agent' is code 

that moves around in order to gather some kind 

of information, process it, and return an answer 

to the user. Figure 2 depicts a mobile agent 

moving from computer to computer. 

There is a certain amount of controversy 

surrounding the idea of mobile agents. The 

causes for this controversy include node and 
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agent security, network and node load, and 

viability. These limit, to a degree, the current 

practicaf usefulness of mobile agents; although it 

remains ·a useful analogy for describing a 
problem and creating a soJution. Mobile agents 

can ·be employed, but care must be taken to 
address the above issues. 

Figure 1: Travel Agent flowchart 

Addressing these issues is itseif non-trivial 

for a variety of reasons including a lack of real 

world implementations to study, expense in 

terms of hardware and the difficulty of 

managing such endeavors. The obvious answer 

is to simulate the agents and hardware. While . 

there . are a plethora of network simulators, 

mobile agent simulators are somewhat rarer. 

We propose a simulator focused on mobile 

. agents, and not on the . network layer. A 



d. ntary network layer implementation is ru ,me . 
includ~d and discussed, but the focus is on the 

ts and agencies as opposed to the network. 
~ 00 ' . .. 
We discuss briefly some ex1stmg network 

simulators in section 2. In section 3 we discuss 

the simulator. Finally, in section 4 we discuss 

our current findings, and future work. 

Figure 2: Mobile Agent 

Remote 

Computers 

Note: Agent is never in more than one 
Location at once; arrows indicate the 
agent moving itself. 

2. Exising Netwak Simulatas 

There are a great many network simulators in 

existence. There are also several that support 

mobile code natively, and even a few mobile 
agent simulators. This is a list of some that were 

looked at prior to implementing this. It is not an 
exhaustive list, by any means. 

"The Network Simulator NS/2" is a very 

nice, very popular network simulator. It is also 

somewhat complex; but this is understandable 
given its focus is on being an accurate and 

·realistic simulator. -The veracity of the network 

simulatioi:i was not terribly important foi: our 

purposes. Unfortunately, due to its extensibility, 
it is difficult to say with. a surety that it does not 

support · mobile agents. Even if mobile agent 
support has been added to it, we opt-ed for a 

simpler, more focused approach. [6] 

"Perpetuum Mobile Procura Project" is a 
very interesting project centered on mobile code 
for network management. While promising, this 

is not quite the same as a mobile agent 
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simulator. It is a more specific case; while 

mobile agents are a much more general case. [7] 

The "Scalable Simulation Framework" is 

another network simulator that is very detailed 

and very extensible. Thus, it is similar to NS/2 

in that it is hard to discard. The main issue with 

it was that it, again, was focused mainly on the 

network side of things. [8] 

"MobiREAL: A Realistic Network 

Simulator" is a very interesting network 

simulator that seems to be most focused on 

simulating mobile networks of devices; such as 

cell phones. While it would be interesting to 

embed mobile agents on a network of mobile 

devices, this is not currently the focus of our 

research. [5] 
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3. TheSimulata 

The motivations behind creating the 

simulator were simplicity, customization, and 

moving the focus away from the network .. 

Since the goal of our simulator is not to 

accurately simulate networks so much as to 
provide a sandbox for our agents to interact 

with, we can streamline the network layer. This 

allows the addition of more complexity to the 

agent layer, without sacrificing performance. 
Customization speaks for itself; but the key idea 

is that in designing software from the ground up, 
it can be tailored as closely to the requirements 

as necessary. 

The focus of most simulators that were 

looked at seemed to be the network; agents were 

an after thought. If one is researching mobile 

agents, however, the network is merely _ a 
tapestry upon which the agent's story plays out. 

Thus, as long as the networks constraints exist, 

actually simulating the underlying structure to 

achieve realistic constraints is unnecessary. 
Constraints in this context refer collectively to 

network latency and bandwidth, node processor 

speeds and memory, and failure. Latency refers 

to the time it takes a communication to travel 



between two nodes. Bandwidth refers to the 

.amount of information that can travel between 

those two nodes at once. Simplifying this 

· allows the dedic•ation of more resources to the 

agent layer. 

The simulator can be divided into two layers: 

the network layer and the agent layer. These 

layers are depicted in figure 3. The network 

layer consists of nodes, links, and packets. 

Links connect nodes to form a network of 

machines, . while packets are simply a wrapper 

for messages. The agent layer consists of 

agencies, agents, and an interpreter for agent 

instructions. Agents exist within an agency, and 

agencies are tied to a node. 

Agent Layer 

Legend 

Figure 3: Layers 

3.1. Netwak Lay« 

Nodes in the simulator are a very basic 

representation of a machine. Each node has an 

associated clock Speed and memory. Clock 

speed refers to· the amount of instructions th~t 

can be executed in a given interval of time. For · 

our purposes, this is simply an integer value. 

Memory is an integer representing the amount of 

random access memory available to the 

machine. Various actions, such as actions an 

agent might take, have an associated cost in 

clocks. Agents and other entities have an 

associated · cost in memory that is variable 

depending on what they are doing. For instance, 

an agent might allocate extra memory; although 

it is worth noting that individual agent memory 
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requirements are generally negligent. Lastly, 

nodes can fail, and in the event of a failure, they 

go oftl ine for a random or fixed amount of time, 

possibly permanent!y. In oftline mode, the node 

. is unavailable and will perform no actions. 
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Anything located within it will terminate. 

Links in the simulator refer to a connection 

between two nodes, or machines. · Figure 4 

depicts a link. Statistics such as latency and 

bandwidth are associated with, and control led by 

a link. 

Figure 4: A Link 
Latency in this case can be thought of as a 

'transit' time for the message. Each link has a 

class, and latency is a random value detennined 

by class. The units that· latency is measured in 

are roughly analogous to milliseconds, but really 

refer to time steps on the simulation. This is 

configurable, but for instance, a local network · 

might_ have extremely low latency on the order 

of 10, while an internet connection might have 

latency as high as T000. 

Links are somewhat similar to queues. When 

a communication traverses a link it is pushed 

onto the queue, with an associated latency. 

Latency is decremented at each time step; and . 

upon reaching zero, the message is popped from 

the queue. At this point, the message leaves the 

link, and arrives at whatever the destination was. 



Bandwidth, links other defining 

chara~teristic, is a value controlling how many 

items can be in 'transit' at a time. If there is no 

more available band~idth, messages are refused 

and have to wait before they can traverse. If 
there is very little bandwidth available, the link's 

latency increases. This is an abstraction of the 

concept of sends failing due to network 

congestion. Failure, in terms of links, is 

incorporated as each packet that traverses a I ink 

has a chance to be dropped. This is known in 

the real wo'rld as packet loss. 

Messages in the simulation take the form of 

packets. In this case, packet refers to a wrapper 

class allowing any type of data to be sent with 

the same methods and structure. The main 

functionality of a packet is that it computes its 

own bandwidth costs; and keeps track of its 

immediate and ultimate destination. In this way, 

itassists slightly in routing. 

The last major component of the network 

.layer is routing for non-adjacent sends . . Routing, 

with regards to the simulation, refers to the 

process by which messages travel through 

multiple nodes to reach their destination. In the 

current implementation, this is done using a 

lookup table. The lookup table is a two 

dimensional table where the table location x,y 

refers to the next node to visit in order to go to y 

from x. That is, if at node X, and traveling to Y, 

· lookup[ x,y] = the · list of nodes that get you 

closer to . Y. Figure 5 depicts a simple lookup 
table. 

3.2. Agent · Layer 

The agent layer has 3 main components: 

agents, agencies, and an interpreter. This layer 

is conceptually separate from the network layer, 

and only interacts with it through generic 
function calls. Most notably, the nodes 

implement a send method that is exposed to an 

agent through whichever agency in which it 

156 

Proceedings of the 2009 IEMS Conference 

resides. In this way, the network simulation can 

be changed to a more detailed one as long as 
send is re-implemented. 

Node A B 

A A B 

B A B 

C B B 

Simple Routing Table 

Figure 5: Simple Lookup Table 

C 

B 

C 

C 

Agents are a container that contains data and 

instructions. It is very similar to a generic 

program or script; except that the data and 

instructions travel between nodes and operate 

locally on whatever node they are currently on. 

Due to the logical separation between the 

network layer and the agent layer, this is 

accomplished via an agency. That is, agents 

actually exist in an agency, and can travel to 

other agencies. 

The agency acts as a sandbox for the agent. 

This is a very common theme for mobile agent 

code; almost all implementations have some sort 

of a sandbox for security purposes. It restricts 

what the agent can do, at least in the real world. 

In the simulation, it contains an interpreter that 

runs instructions in the agent. The agency exists 

on a node. Nodes can have more than one 

agency existing on it. The nodes clock speed 

and memory restraints limit what the agency can 

do. Additionally, the agency itself might place 

further restraints upon memory usage and clocks 

consumed for an agent. 



4/0T (1) 
250ms 
0.14mb 

1/0T (0) 
500ms 

0.02mb 

.VOT (1) 
! 50tm, 

0 .Umb 

.:t/OT (l) !OT (J) 
550ms 75ms 
l.OOmb 9.78mb 

l/OT (2) HIT (0) 
550ms 500ms 
0.99mb 0.02mb 

Figure 6: A sample Timestamp of a Network 
The agent interpreter is an engine that allows 

the execution of commands by the agent, and its 
manipulation of both its and its host's memory. · 

This is where costs like clocks come into play; 

there is a limit inherited from the node and 

agency, and actions within this interpreter have 

an associated -cost. This allows each agent to be 
essentially a program within a program. This 

could lead to any fault common t~ all user · 

entered programs, such as infinite loops. In its 

current, raw, form, the interpreter's instruction 

set is very primitive and similar to assembly. 

This is to facilitate testing more than anything. 

Plans are in place to extend it with a parser that 
allows for higher-level syntax. Conceptually, 

the instruction set for the interpreter differs 

somewhat from a traditional language'. It is 
specialized; and is intended as a base which can 

be extended for various purposes. 
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4. Current Findingsand Future Wak 

This is a work in progress. The simulator in 

its current form is worki_ng, but primitive. The 

network aspects of it are all implemented and 

functional , as are most of the agent aspects. 

Figure 6 is a graph ~~picting a time step of the 

simulator in. action. The circles represent nodes, 

with the lines between them repre~enting links. 

The numbers beside the links represent the 
· number of currently transiting packets, queued 

packets, average laten·cy, and the bandwidth of 

the connection. The ·number in parenthesis 

represents the type of connection and is an 

ip.temal representation of the 'class.' 

Unfortunately, the interpreter, arguably the most 

complex part, is still unfinished. The whole 

simulation is functional , but the agents are very 

limited in what they can do. 
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With regards to performance, computing the 

lookup table for routing is by far the most 

expensive computation; although it is of course 

bounded on the number of nodes. Thus, for 

small numbers of nodes, it is tolerable; but to 

enable simulation of large networks it needs to 

be replaced. This is only a problem if non

adjacent sends are allowed; in some applications 

this is not necessary: agents are required to route 
themselves. 

There are several things that need to be added 

to the simulator. Firstly, . the interpreter, 

although functional, is limited and needs 

extension. As mentioned in the previous 
section, the design calls for a •higher-level 

interface to the instructions. It might be possible 

to embed a pre-existing high level language and 

thus avoid some of this work; this has not been 
fully explored. 

Additionally, a solid, necessary core of 
primitive features not necessarily common to 

high level languages needs to be decided upon, 

and implemented. A process through which the 



langu.age can b~ (urther extended by external 
code needs to be implemented as well. 

It might be beneficial to consider replacing 
. the current, simplistic, network layer with a 
more complex one to serve a different focus of 
research. It should be possible to replace the 
network layer without changing the agent layer. 

Lastly, if the simulator is to serve its 
purpose, data tracking, reporting, and possibly 
visualization elements need to be added. 
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The movement to global commerce 
where firms manufacture products in one part 
of the world and ship them to other parts of 
the world has added more complexity and 
less product visibility throughout the supply 
chain. The use . of Radio Frequency 
Identification (RFID) helps . to reverse the 
negative effects of globalization by providing 
a mechanism to track the movement of 
products from development to consumption. 
RFID also provides more useful data not 
provided by barcode technology. Despite 
RFID's many benefits, it creates more 
complexity and added costs for logistics. 
Regardless, its use is expected to expand, 
which justifies the need to ensure students 
understand the technology and its application 
in the distribution and logistics field. A large 
public university within North . Carolina has 
incorporated RFID technology in a 
warehouse simulation lab by creating several 
practical labs students perform using actual 
RFID tagged inventory and RFID readers. 

1. I ntroduction 

As more . companies extend their 
~perations and customer reach to other part~ -
of the world, an increase in the demand for 
more accurate tracking and identification of 
products becomes apparent. A relatively new 
technology that is being embraced by the 
Department of Defense (DOD), and retailers 
such as Wal-Mart, is Radio Frequency 
Identification (RFID). RFID is a new 
technology that is slowing beginning to 
replace barcode technology. 
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There · are many reasons why . RFID is 
replacing barcode technology, one being 
RFID provides more benefits than barcode 
technology. One of these benefits is the 
elimination ofline of sight [6]. With barcode 
technology, barcode labels must be within 
the line-of-sight of barcode readers, whereas, 
RFID readers only need to be within the 
range of RFID readers. 

Another benefit not provi_ded by barcode 
technology, but is a significant benefit of 
RFID, is the added storage capability of 
RFID tags [2]. While barcode labels can 
only store numbers and/or characters, RFID 
tags can store descriptions, the 
manufacturing origin, and even diagrams. 
The RFID storage capability is dependent on 
the type of tag used. 

Although RFID provides many benefits 
over barcodes, it does have drawbacks. One 
of these drawbacks is the added costs for tags 
and the costly equipment needed to read 
them. Furth~rmore, · several studies have 
noted unacceptable read failure rates as a 
result of false tag reads [2]. As Tu and 
Piramuthu [2] point out, these false reads can 
create problems that are propagated further 
down the supply chain. 

Despite these and other drawbacks of 
RFID tag production, the use of RFID is 
expected to reach 33 billion by 2010 [1]." 
This anticipated growth and interes(in RFID 
will lead to more improvements in the 
technology.· This is in despite of security 
concerns and the potential· confusion 
organizations will face during RFID 
implementation. Furthermore, organizations 
are concerned with cost and other 
implementation issues that need to be 
addressed. if RFID is to be become 
commonplace [3], [5]. 



Since RFfO holds many promises in 
as~et tracking and supply chain visibility [5] , 
those students pursuing successful careers in 
distribution and · logistics fields should be 
exposed to RFID technology. Their exposure 
should go beyond just theory and instead 
provide students hands-on experience in tag 
·placement and range testing. 

In a large state university in North 
Carolina, a warehouse simulation lab . that 
utilizes RFID technology is used to provide 
students with hands-on skills in RFID 
technology. While in the warehouse 
simulation lab, students perform several labs 
that mimic tasks they are likely to perform on 
the job. 

2. Backwo1.md 

RFID tags have been used since World 
War II in limited roles [2]. Since then, RFID 
costs have dropped, whi le its technology has 
improved. These improvements have been 
plagued with a lack of RFID industry 
standards [5]. As D'Mello and associates 
point out, a lack of standardization makes it 
difficult for organ izations to track · products 
movement throughout the supply chain [5]. 

RFID hardware is not the only area of 
RFID that has experienced a lack of industry 
standardization. The software used to 
communicate with the reader and computer 
systems has also suffered from a lack of 
standardization. Basically, every 
manufacturer' s RFID reader has its own 
software that allows it to interface with 
computer systems [ I], [5]. 

Since RFID is expected fo continue to 
see improvements _and widespread use in 
coming years, it is important for faculty to 
expose students to RFID technology in 
various distribution and logistics courses [ 6]. 
This exposure should go beyond just theory. 
Students should learn how to implement, test, 
and use RFID technology. This will help 
them in their future careers in distribution 
and logistics [ 6] . 

In order to incorporate RFID technology 
into the distribution and logistics degree 
program of a large public university within 
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North Carolina, additional EMS® RFID 
equipment and software was purchased. The 
new EMS® equipment and software added to 
the Alien Technologies® RFID reader and 
associated software already in the warehouse 
simulation lab. 

The existing Alien Technologies® and 
new EMS equipment serve as the primary 
tools for several RFID labs students perform 
in the warehousing course. This course 
covers many other warehouse and 
distribution . concepts such as picking 
methods, warehouse layout, slotting, 
warehouse space optimization, and cycle 
counting. 

From the first week of class, students 
begin the management and operation of a 200 
line item warehouse. All the labs within the 
course focus on the management of actual 
inventory and the use of technology to 
manage the inventory. 

3. The planning and des91 approach 

The initial setup of the simulation lab did 
not incorporate RFID technology, but instead 
relied exclusively on barcode technology for 
item identification and tracking. One of the 
first few labs students perform in the course 
is the creation of barcode labels using several 
common barcode standards. Since the use of 
barcode technology for item identification 
and tracking is expected to continue for years 
to come, the products within the warehouse 
simulation lab are tagged with barcode labels 
that are created by the students and printed 
using a barcode printer located in the lab. 

To implement the RFID portion, the lab 
component was enhanced. Several products 
were tagged using EMS® or Alien 
Technologies® RFID tags and separated from 
other products within the warehouse. 

The decision to tag a few items in the 
warehouse with RFID tags was based on 
cost. It was considered cost prohibitive to 
tag every item within the warehouse, since 
RFID tags remain expensive, compared to 

. barcode labels. 
Separating the RFID tagged items into 

the two separate tag types allowed students to 



perform the required labs using two separate 
types of RFID equipment. Furthermore, 
since the RFID readers could only read their 
associated RFID tags, mixing them up would 
have created confusion for students. 

In addition, having the ability to use 
barcodes, as well as the different types of 
RFID equipment, gave the opportunity for 
students to realize the differences and 
associate the pros and cons of .each type of 
labeling system. 

Once all of the items that were selected 
for RFID were tagged, several new labs were 
developed. These labs focus on training 
students regarding the use of RFID 
technology. Table I below provide~ a 
description of the new RFID labs. 

4. Limitatioos 

The current setup of the warehouse 
simulation lab with the available RFID 
technology has several limitations. . One ·of 
these limitations is the lack of RFID antennas 
to fully implement RFID testing and training 
during lab sessions. 

Since the lab contains only one Alien 
Technologies® and one EMS® reader, ideal 
RFID implementation within the lab is not 
possible. An ideal RFID lab setup requires 
additional antennas that could be placed on 
multiple sides of products as they move 
along the conveyor. 

Furthermore, more antennas are needed 
to create_ ari RFID enabled loading dock. 
RFID enabled loading dock entry and exit 
points will allow students to per'rorm 

· required labs using pallet loads and simulate 
an actual RFID enabled warehouse. 

Another limitation is the lack of 
integration between RFID readers arid 
warehouse management software. Currently, 
students can only read and write to RFID 
tags. Future development plans of the RFID 
labs include the integration of RFID readers 
with warehouse management software, such 
as the SAP® Warehousing Module. The 
university recently joined the SAP Academic 
Alliance program and will be offering SAP 
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labs in several distribution and logistics 
courses. 

The most significant limitation · of the 
RFID labs is the inability to track product 
movement from focation to location within a 
supply chain. Since all of the products 
within the warehou.~e simulation lab were 
donated to the university and are permanently 
located within the lab, tracking the 
movement · of the products using RFID 
technology is not practical. 

. 5. Coodusioo and Recommendatioos 

. The design and implementation of RFID 
labs wi'thin a warehouse simulation lab has 
allowed students to gain real world RFID 
experience. Although this real world 
experience is limited to only a few labs with 
a limited set of RFID equipment, students 
still have the ability to learn about the 
technology and its effects on the supply 
chain. 

Since RFID technology i's expected to 
improve, training students on a technology 
they are ·likely to use after graduation is 
considered prudent. Furthermore, employers 
expect distribution and logistics students to 
be well versed in the available technology 
that can be used · to . identify and track the 
movement of products through the supply 
chain. 

Most of all, more RFID research is 
needed in an academic setting to explore· 
other integrations of RFID within distribution 
and logistics degree programs. Collaboration 
between universities where students can 
perform labs using tags that have travel~d 
from campus to campus and interfaced with 
readers along the way will allow students to 
gain a better understanding of RFID's ability 
to create better product visibility and to assist 
in supply chain improvements. 
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Table 1: New RFID Labs 
Lab Des:ri ptioo 

RFID Software RFID software is 
Configuration configured to operate 

within different roles, 
such as three second 
timeout or persistent 
reads. 

RFID Range The range of RFID 
Testing readers is tested by 

measuring the readable 
distance between 
readers and tags. This 
lab helps students 
understand the 
importance of reader 
placement within a 
warehouse. 

RFIDTag Proper placement of 
Placement tags is explored by 

placing tags in various 
locations and then 
testing the readers' 
ability to find the tags. 

RFlD Failure RFID readers' 
Testing consistency is studied 

as tags pass the reader 
at different speeds. 
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Abstract 

Distribution and logistics programs face 
a variety of challenges. One of these 
challenges is finding the funds · to purchase 
software that allows students to work with 
actual inventory that can be tracked ·and 
purchase .orders that can be entered, pulled, 
and shipped to customers. Having .an 
environment that closely resembles the actual 
work environment will help prepare students 
for careers in distribution and logistics. 
Since many distribution and logistics degree 
programs do not have the funds for such 
systems, they need to find ways of simulating 
this environment. One solution underway at 
a public university in North Carolina is the 
development of a simulated warehousing 
environment that utilizes Microsoft Access® 
to track inventory, process pluchase orders, 
and perform a variety distribution and 
logistics functions. The inventory tracking 
and order entry modules will serve as the 
beginning of this simulated enterprise 
resource management (ERP) system. Since 
Access is available on most . campuses, it 
allows faculty to create a cheap but effective 
solution. ·This paper will explore the benefits 
and use of Microsoft Access in a distribution 
.and logistics degree program, and outlines 
some of the databases that come free with 
Microsoft Access. 

1. Introduction and literature revie,v 

Instructors face a variety of challenges as 
they help students prepare for careers in 
logistics and distribution. One of these 
challenges is ensuring students have the 
hands-on skills that allow them to begin their 
careers with little difficulty. They must also. 
understand business processes and practices 
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in their chosen field. The more a student 
understands the processes involved in a 
business and how to integrate them into a 
system, the more the·y are able to find work 
after they graduate · [1]. Creating an 

. environment that mimics . the real job 
functions future students will encounter 
·requires financial resources. Modern 
distribution and logistics operations employ a 
variety software packages . that can cost 
organizations thousands to millions of 
dollars . . The more complex and specialized 
the system, the higher these costs are like to 
be. As Grossman and Walsh [2] point out, 
costs involved in the purchase and 
implementation . of an enterprise resource 
planning (ERP) system tend to be substantial 
for any size organization. Grossman and 
Wal sh I ist some of these costs as software, 
hardware, network upgrades, training, and 
further enhancements. Since most 
distribution and logi_stics degree programs 
lack resources to purchase, implement, and 
maintain such complex and specialized 
systems, faculty need to find alternate means 
to create a realistic environment for students. 
to operate within. 

· One alterna~e method to create such an 
environment i~ taking place at East Carolina 
University (ECU). Faculty members at ECU 
have begun working together to d_evelop a·n · 
environment that mimics actual distribution 
and logistics functions using Microsoft 
Access®. Access is a relatively inexpensive 
software package that is found- on nearly all 
campuses. It is not only inexpensive and · 
readily available. It also comes with a 
variety of sample databases that faculty can 
use in their classrooms. Also, with a basic 
knowledge of Access, logistics and 
distribution faculty can create additional 
databases that al low students to perform a 



variety of functions they are likely to perform 

on the job. 
The development and use of any size 

ERP within a degree program will result in 
some challenges. One of these challenges 
was described by Boykin and Martz [ 1]. 
They described this challenge by pointing to 
·the difficulty of trying to implement such a 
system into a degree program without just 
teaching students how to use a software 
package. Another challenge instructors will 
face is learning to use the software enough to 
be able develop such a system. Fortunately, 
access provides a variety of wizards and an 
extensive help system that will aid in this 
challenge. 

Another challenge involved in the 
implementation of an ERP within a degree 
program is . tying together the learning 
objectives from the various courses. To 
remedy this problem academic . programs 
require automated systems that al low them to 
link program outcomes, course objectives, 
and course improvements in a central system 
such as the Assessment Database System 
(ADS) used by the Department of 
Technology Systems at ECU. This system 
allows faculty and administrators to identify 
gaps in program outcomes and the course 
objectives that support them by utilizing a 
variety of integrated reports. 

The largest challenge is creating a 
seamless transition from no ERP system to 
an integrated ERP within a distribution and 
logistics degree program. Some of these 
transition . challenges were noted in a study 
conducted by Seethamraju [3]. As 
Seethamraju points out, implementation of a 
full-featured ERP such as those provided by 
SAP or Oracle pos~ a tremendous burden on 
faculty who have to learn the new software, 
develop tabs and lesson plans for the new 
system, and maintain or upgrade the system 
as new versions are released. Although the 
ERP system being developed at ECU is a 
slimmed down version that mimics an actual 
ERP, it nonetheless requires effective 
implementation that causes little disturbance 
to students' continuous learning. Since 
students are at various stages within their 
degree program, implementation will be 
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implemented in stages so that freshmen 
students at the beginning of the major will be 
exposed to the ERP system first. This early 
exposure will allow them to assimilate the 
ERP into their learning in the remainder of 
their program of study. Seniors nearing the 
end of their study will be exposed to the 
ERP ' s report capabilities and will not be 
introduced to the input and maintenance 
process. 

This paper will describe the hands-on 
environment created in several classes within 
the distribution and logistics degree program 
at ECU. A discussion of the first two 
modules of the simulated ERP created and 
used within these courses will take place. 
Also, future modules that will be added to 
this simulated system will be described in 
this paper. 

2. Back~01.md 

The Department of Technology Systems 
at ECU provides several undergraduate and 
graduate degree programs that include 
industrial engineering, design, information 
and computer technology, manufacturing 
technology, and distribution and logistics. 
The distribution and logistics program is 
currently staffed by four full-time faculty 
members and is currently in the process of 
hiring two additional full-time faculty 
members. Courses are taught in both 
traditional face-to-face and online formats. 

Previous feedback from employers 
identified the need to create a realistic 
environment for distribution and logistics 
students. As a result of this feedback, faculty 
began incorporating labs that mirrored actual 
functions students are likely to perform on 
the job. These labs required the setup of a 
warehouse that includes a forklift and other 
warehousing equipment. 

Several of the courses m the 
undergraduate program expose students to 
warehousing and distribution functions using 
various paper-based forms and spreadsheets 
that simulate a real world environment. A 
1250 sq ft warehouse is used in the 
Warehousing & Material Handling course is 
used to . demonstrate receiving, putaway, 



order picking, unitizing and shipping. The 
course also uses actual lab data to analyze 
orders for purposes of ABC analysis, slotting 
and warehouse layout. Students currently 
use Excel to record, process and analyze 
data. 

Further course and program 
improvements included the purchase of 
laptops with software students are likely to us 
on the job. Although significant 
improvements to the degree program were 
made in the past few years, the need to 
implement an ERP or simulated ERP within 
the degree program still existed, since faculty 
believed that it is critical that students . 
understand the logic of the individual 
transactions taking place · within an . ERP 
system. 

Due to limited resources needed to . 
· purchase, setup, train faculty, and implement 
an ERP, an alternate solution was needed. 
One solution was to create a simulated ERP 
system using available software. Access was 
chosen since it is available on all faculty and 
student computers and provides a variety of 
free databases that can be included in the 
final simulated ERP. 

The four full-time faculty members in the 
distribution and logistics degree program 
specialize in different areas within the degree 
program, have a basic understanding of 
computer technology, and are proficient in 
Microsoft Office®. Their understanding of 
Microsoft Access is limited to basic usage 
with very little database . development 
experience. • Therefore, a colleague from 
another - degree program with significant 
experience in database development . is 

. serving as the database developer and trainer 
for other faculty within ·the distribution and 
logistics program. In turn, the full-time 
faculty members are providing input .to 
identify the needed features and functionality 
and will test the system before it is integrated 
in several of the courses within the degree 
program. 

3. The planning and de&SJl approach 
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The planning of the simulated ERP 
system began with a review of the 
warehousing labs performed by students 
within . the degree program and integration 
into the Transpo·rtation, Purchasing and Sales 
courses offered. Critical labs that would 
benefit students th~9ugh an interaction with 
an ERP . were identified and ranked by 
development priority. Several labs that 
ranked as the most critical centered on 
receiving, inventory tracking, order entry, 
and shipping. Ther~fore, faculty decided to 
develop and implement the inventory 
tracking and order entry modules first, before 

· other modules are developed and 
implemented. 

· Since Microsoft Access provides 
inventory tracking and order entry sample 
databases through the aid of wizards, 
designing and developing these databases 
was a relatively simple process. Figures I 

and 2 provide a snapshot of these databases 
that will serve as the first two modules within 
the system. These two databases will be used 
in several classes within the program to 
expose students to inventory and order entry 
functions; 

After the "core" of the database is 
developed, the next priority wi II fall to the 
shipping and. receiving functions. Later 
modules will include accounting, customer 
relationship · management, and human 
resources. These modules will be integrated 
together by storing all the data within a 
centralized database and creating links from 
the various modules to the centralized 
database. Since the integration of the various 
modules is the intent of any ERP system, 
their integration will create a look and feel _of 
an actual ERP students may interact with. 

0 ~Swilcllboatdltems 

Q E., ti., dat4bose 



FigUre t. Inventory tracking module created 
using Microsoft Access®. 

Figure 2, Order entry module created using 
Microsoft Access®. 

Once the different modules are integrated 
into one system to form the slimmed-down 
ERP, the relationships established between 

· the data will allow students to produce a 
variety of reports that will mimic actual 
reports they are likely to produce on the job. 
Some of these reports include fill rates, cycle 
times, inventory levels, inventory turns, item 
popularity, ABC analysis and slotting 
statistics. These various reports and others 
not listed here will provide students with 
tools they can use to analyze processes and to 
suggest corrective actions when appropriate. 

Labs that can benefit from the use of an 
ERP will be redesigned to incorporate the 
new system. The lab redesign process will 
take into consideration student learning 
beyond data entry and instead center on 
decision making, based on the stored data 
and the information the new system provides. 
Although some data entry will be required, it 
will be kept to a minimum when ever 
possible. For example, if a lab requir~s 
students to learn how a customer's order is 
taken, a student wi II have to make an entry 
into the system, but will be limited to one or 
two entries. 

Since all modern ERP systems integrate 
remote access for workers, such as an 
organization's outside sales force, this 
simulated ERP will provide students with a 
Web interface that allows them to query the 
system and perform other tasks. Microsoft 
Access provides several wizards that allow 
faculty to develop dynamic Web -pages that 
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can directly interact with the centralized 
database. The centralized database will be 
stored on a dedicated server that students can 
access from home using a web browser. This 
will allow students to perform many of their 
labs outside of class. 

4. Limitatia,s 

There are some limitations to the design 
and development of a simulated ERP system. 
One of these limitations is the simulated ERP 
system does not provide all of the features 
that a complete ERP system provides. This 
limitation will prevent students from 
experiencing the true look and feel of an 
actual ERP. Complete ERP systems take 
considerable time to design, develop, and 
maintain. Therefore they have most of the 
features an organization may require. 
Another limitation is the lack of experienced 
distribution and logistics faculty that can 
develop a simulated ERP, since these faculty 
members do not specialize in database design 
and development. 

Another problem with this approach is 
that it can take a considerable amount of time 
for faculty to develop a simulated ERP. 
Faculty with full teaching loads may find it 
difficult to find the time to design and 
develop the system. Redesigning existing 
labs to incorporate the ERP will also take 
time. Academic institutions that decide to 
use the approach of developing their own 
simulated environment will be consider these 
limitations first. 

5. Coodusaisand further work 

The ability to integrate realistic learning, 
critical thinking, and problem solving within 
a degree program is essential. The use of an 
ERP within a distribution and logistics 
program will create this desired environment. · 
Whether or not an academic institution 
decides to implement a complete ERP or 
design and implement their own simulated 
ERP environment, these systems provide a 

. significant benefit to students by preparing 
them for future positions within industry. 
Regardless of the approach taken, careful 



planning is needed to ensure students are 
learning as intended. If the intent is to teach 
students how to solve distribution and 
logistics related problems, then labs should 
be designed to do just that. The ERP system 
should be a tool that will aid in their learning · · 
and not just an exercise in how to use the 
software [3]. 

Since · the distribution and logistics 
program at ECU is still in the process of 
desi°gning the simulated ERP, further study is 
needed to determine what features are 
effective or need to be added to the system. 
It will be sometime before faculty can 
determine if students are signific~ntly . 
benefiting from such a system. Graduates 
that are ·actively employed within industry 
will need to be surveyed to see if the ERP 
system aided in their success on the job. 
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Abstrad 

The Processing TM computer programming 

software language was developed for visual 

designers and artists. However, because of the 

straightforward interface and versatile class 

libraries, it has the potential to be used in 

industrial real-time image processing 

applications. A prototype system was designed 

and built, and its performance was analyzed. 

1. I ntnxtudion 

One simple example application of the 

Processing™ programming language is the RGB 

cube. It shows the three primary colors, the three 

secondary colors, black, and white in · the eight 

vertices of the RGB cube, and it allows the user 

to freely rotate the cube every which way in real 

time. 

The program is laid out in two parts. The first 

part is written in a setup procedure executed 

once at program initiation. The size(·) command 

sets the image window width, height and 3 D 

mode. The noStroke( ·) command turns off the 

customa~ outlining of each individual ~hape. 

The colorMode(·) command chooses RGB over 

HSB color represe.ntatton . modes, and also sets 

the range of allowable values, typically 1, 100, 

or 255. Other setup commands set the image 

background and fill colors, and set the image 
frame rate. 

The second part of the program is written in 

the draw(-) procedure and is repeatedly executed 

to continuously repaint the image at the chosen 

frame rate. The translate(·) command relocates 
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the (x, y, z) origin relative to the viewer. The 

rotate(·) commands orient the objects within the 

image window. The scale(·) command sizes the 

objects within the image window. The mouse 

coordinate system variables allow user 

interaction input, along with the 

mousePressed(-) and keyPressed(·) user written 

event procedures. Objects can be drawn with 

commands such as point(·), line(·), arc(·), 

eJlipse(· ), triangle(·), quad(· ), rect(· ), as well as 

with curves, shapes and images. 

Another simple example application of the 

Processing™ language is the flocking program. 

It initially creates fifty "boids" of varying size 

and color that fly around at varying speeds and 

directions, but interact to form a flock. 

Additional white "boids" can be added at the 

cursor location by hitting the space bar. 

Each "boid" interacts with all the others 

nearby to form a flock on their own volition. 

Larger ones fly faster and tend to flock together 

somewhat ahead of the slower ones which lag 

behind. The user written boid and flock classes 

make it amazingly simple to write this 

application program. 

2. Problem statement 

Can the Processing language be any help in 

real-time image analysis for industrial 

applications? What exactly is it, and what are its 

capabilities? What are its strengths and 

weaknesses in context? How does it perform in a 

prototype system? 



3. Language back~ound 

Processing™ is an open source project 

initiated by Ben Fry and Casey Reas earlier this 

century at the Massachusetts Institute of 

Technology. They said: "Processing is an open 

source programming language and environment 

for people who want to program images, 

animation, and interactions. It . is used by 

students, artists, designers, researchers, and 

hobbyists for learning, prototyping, and 

production. It is created to teach fundamentals of 

. computer programming within a visual context 

and to serve as a software sketchbook ~nd 

professional production tool. Processing is an 

alternative to proprietary software tools irt the 

same domain." It is available for download free 

online at processing.org. 

The language itself is a derivative of C and 

Java. The interactive development environment 

IDE is similar to but simpler than other common 

programming systems. See Figure 1. The 

toolbar has just six buttons to load, save, run, 

stop, create and export a program (called a 

sketch). The · menu selection allows the typical 

functionality with respect to file , manipulation, 

editing, writing (sketching), tools and help. And 

multiple tabs permit several . source files to be. 

open and worked on at once. 

One notable improvement is the inclusion of 

over 400 sample programs to help get up the 

learning curv~ quickly. They are arranged in the 

examples submenus in logical categories . . See 

Fi~re 2. Various examples illustrate things as 

simple as variables, statements, and fanctions, to 

more complex applications such as video, 30, 
animation, simulation, movie making, and image 

processing. The user's application sketchbook 

can be similarly organized within the IDE. 

Help for the application program language 

(APL) is available both locally and online at 

processing.org, efficiently organized both 
alphabetically and . functionally. Each . system 

variable and function is clearly described along · 
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with a quick, simple and illustrative example. 

Several libraries are packaged with the language, 

and many more libraries are available as user 

contributions onPne. For example, the Video 

Library Capture Class makes it possible to grab 

frames of video from an attached camera. A very 

active exhibition of"user programs as well as a 

discourse of current related events is also 

available online. 

4. A. SJrting applic:atia, 

An industrial bulk sorter (Fi9.1re 3) such as 

the Eriez Prosort™ metal recovery systein 

allows end users to reclaim and segregate metals 

from discarded materials to maximize its value. 

The sorter can consist of a motor driven 

conveyor, tachometer and speed control , metal 

sensors, · airless paddles, timing controls, and 

plant network system interface. The airless metal 

recovery system uses high sensitivity metal 

sensors aligned with . low energy 

electromagnetically driven paddles to separate 

valuable metals from waste material. 

Can a Processing-based imaging system be 

use in place of the metal sensors to control the 

sorting of non-metallic materials such as 

minerals, glass, plastic and the like? Under the 

proposed system, a low-cost web cam would be 

interfaced with a PC computer running a 

Processing application program. The program · 

would repeatedly acquire an image, analyze it 

for desired objects, locate the objects in time and • 

space, tabulate · ''hits", and finally send control 

information to the paddles. See Figure 4. 

5. Algorithm 

Based on conveyor speeds and paddle time, _it 

would be necessary to acquire and process an 

image approximately twenty times per second, 

or every 50ms. Each time an image is acquired, 

the objects must be isolated from the 

background and analyzed for size, shaper, color, 

and location. Then desired • objects must be 



I ted based on a predefined criteria. And se ec. 
finally a command control record must be 

assembled for th~ paddle units. Since the 

algorithm is being run priority on a _non-real-

. time operating system, enough slack time must 

be available each time for the operating system 

to· perform all its necessary tasks, and return to 

this application in time for the next image. 

The images were acquired using the capture 

class commands of the video library. The objects 

were isolated using the blob detection library 

and processing routines. Morphological analysis 

was performed inline based on tabulated data 

from the blob analysi.s. And finally the paddle 

commands were serialized and asynchronously 

transmitted along with timing information. 

5.1. Capture Image 

Include the video library, create an instance 

of a video object to store the video frames, then 

each time a frame is available, read it for 

processing. See Figure 5. 

import processing.video. * ; 
Capture video; 

video= new Capture( 

this, width, height, 2 0); 
if (video. available () ) { 

video. read () ; 

II process image 

5.2. Blob Detectia, 

Include the blob detection library. Get the 

captured image from the camera, and create a 

blob detection object the same · size, set t~e 

threshold, arid separate the blobs from the 
background. 

import blobDetection . * ; 

BlobDetection theBlob; 
Pimage img; 

img = video.get(); 

theBlob = new BlobDetec ti o n (img .w,img.h ) ; 
theBlob.setPosDiscriminati o n(false) ; 
theBlob.setThreshold(0.3 3 f ) ; 

theBlob.computeBlobs(img.pixe l s) ; 
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5.3. Analysisd tabulated data 

Extract the blob information and highlight 

the blobs edges in blue, and box the blobs in red 

on the displayed image. See Figure 6 . 
Blob b ; 
EdgeVertex eA , eB ; 
for (n=O ; n <theBlob . getBlobNb() ; n+ + ) 

b=theBlob.getBlob(n) ; 
if (b!=null) { 

strokeWeight(l) ; 
stroke(0 , 0 , 255) ; 
for (m=O ; m<b . getEdgeNb() ; m++) 

eA = b.getEdgeVertexA(m) ; 
eB = b . getEdgeVertexB(m) ; 
if (eA !=null && eB !=null) 

line(eA.x*w, eA . y*h , eB . x*w , eB . y*h) ; 

strokeWeight(l) ; 
stroke(255 , 0 , 0) ; 
rect(b . xMin*w , b . yMin* h, b.w*w , b . h*h) ; 

6. Analysis 

The webcam was able to acquire 

approximately 30 images per second, adequate 

for this application at only 20. However, the 

slow scan time of 35 milliseconds resulted in 

significant blurring of the objects within the 

image. This required additional processing to 

clearly define the object boundaries. 

The registration of the image for blob 

analysis required over 150 milliseconds, well 

beyond the total available time. The rest of the 

morphology, analysis discrimination, tabulation, 

and transmission in total took less than five 

milliseconds. So it turned out that the initial blob 

analysis was a show stopper for this application 

using the given Processing libraries. 

7. Coodusioo 

The purpose of this investigation better 

understand the · strengths and weaknesses of the 

Processing language as it applies to industrial 

image processing. It does not seem to be a good 

fit for performing the real time image analysis 

and control function. 

However it may be used for initial concept 

visualization and oftline algorithm development 



And it may be particularly well suited for 

creating various image streams for test 

protocols. A parametric generator is being 

considered that would allow input of object 

parameters such as size, orientation, and . 

distribution, and would create the appropriate 

sequence of images of simulation. 
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Figure 3. Industrial bulk sorter 
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Figure 4. Sorter system block diagram 

Figure 5. Captured image 
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Abstrad 

This• study proposes a new bone plate design 

the VK · conformable bone plate made of 

titanium (Ti) and high molecular weight 

polyethylene (PE), and compares it to the 

conventional titanium bone plate. It sets out to 

answer two questions. Does the addition of a PE 

material help in reducing stress shielding? Is 

confonnity important in stress distribution? 

Using Solidworks, the authors constructed both 

a bi-layer bone plate and a conventional bone 

plate for stress analysis. Finite Element 

Analysis (FEA) was done on a modeled oblique 

fibular fracture fixated with different plate 

configurations, flat Ti, flat Ti with Ultra High 

Molecular Weight Polyethylene (U.HMWPE) 

layer, and conformed Ti with UHMWPE layer 

for comparison. Each configuration revealed a 

different stress range and distribution. The bi

layer Ti and UHMWPE plates had a more 

favorable outcome than the Ti· plate. But the 

best stress values and distribution came from the 

conformable Ti and UHMWPE. The simulation 

was able to show that the conformable bone 

plate is _capable of reducing stress shielding and 
optimizing stress distribution. · . 

1. I ntrodudion 

Bone plates and screws have evolved a lot 

over the years in order to meet the 

~iomechanical and biocompatible needs of 

Internal fixation. It has changed in thickness, in 

material, and in function. For instance, the 
d . . ynam1c compress10n plate (DCP) was designed 

to provide compression at the fracture site for 
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optimal healing. The limited contact plate was 

designed to reduce contact area to prevent 

periosteal necrosis. Some plates are 

manufactured to be bendable to provide better 

plate to bone contact. Others are thicker and 

more rigid to provide better support from 

moment forces. All of which are based on 

different theories of fracture fixation [I, 2]. 

The first documented use of bone plates 

dated back to 1880s and 1890s, and it wasn't 

until the 1950s that Danish and Muller began 

defining the proper techniques and principles 

involved in internal fixation that we start to see 

its widespread use [I]. Currently, titanium alloy 

is the metal of choice over stainless steel due to 

its superior mechanical properties and resistance 

to corrosion [1, 2]. This material is used 

extensively in bone plates and screws which 

main function is to provide rigid fixation and 

stability for bone fractures to assure optimal 

healing [3]. The major biomechanical problems 

seen with plate and screw fixation are material 

fatigue failure and/or implant loosening (screw 

backing out) [I, 3, 5, 6]. The main clinical 

problems are non-unions and delayed unions. · It 
has been postulated that these problems are 

caused by several factors such as high loads and 

stress, reactive bone resorption ( stress 

shielding), and material attrition [2, 4]. Despite 

some . of its complications, it is a common 

implant used in surgery today. 

Material fatigue failure and loosening are a 

common occurrence which can complicate 

surgical outcome [5, 6]. As a result, the implant 

becomes more of a surgical risk when it loses its 



_ function, increasing the chances of infection, 

non-unions, and impingement problems. Both 

plate and screw (highest risk) has the potential 

of failing depending on the application [4]. 

Studies have shown that numerous factors 

contribute to bone plate failure. One major 

factor is induced osteoporosis. The loss of bone 

mass weakens the support of rigid fixation 

cau~ing material loosening. There are two 

differe~t theories on the causes. The current 

theory is periosteal necrosis caused by bone 

plate compression of the periosteum and lack of 

blood flow. This kills bone cells responsible for -. 

modeling and building of bone. The other 

theory is stress shielding caused by rigid fixation 

[7, 8]. Stress shielding is the removal of normal 

stress on bone which stops the ongoing 

rebuilding process of bone. When this happens 

bone becomes porous and weakens, losing its 

mechanical strength [8]. This principle is based 

on Wolfs Law which states that bone remodels 

and builds due to stresses imposed on it. When 

you remove this stress it stops and bone 

atrophies [ 1, 2]. 

While some believe that periosteal necrosis is 

the cause of internal fixation induced 

osteoporosis, recent studies are showing that 

rigid fixation and stress shielding is the culprit 

[9]. Therefore this study focuses on designing 

a bone plate ~hat reduces stress shielding to 

optimize healing [1 O]. The new bone plate 

design consists of a titanium layer and ultra hi_gh 

molecular weight polyethylene (UHMWPE) 

layer. This design was then compared to the 

conventional titanium plates. The polyethylene 

material was chosen because it is a heat 

moldable and when press fitted it will allow the 

bone plate to conform to the shape and curvature 

of the bone. This will improve fracture 

alignment and hopefully stress distribution and 

values within the bone, plate, and screw unit. 
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2. M aterialsand methods 

A FEA comparison was done between the 

proposed bone plate design and the conventional 

bone plate. Three simple separate finite element 

models were constructed and stress analysis was 

done using Solidwo_rks 2007-2008 edition. The 

fibula bone was modeled as a hollow tube with 

an oblique fracture through the m_id shaft. This 

was kept consistent throughout the study. The 

oblique fracture will allow for both compressive 

and· shear forces to act on the plate and screw 

complex when load is · applied. Three different 

·plates were constructed: flat 4 mm thick titanium 

. plate, flat 4 mm thick titanium/UHMWPE plate 
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(top 2 mm layer titanium and bottom 2 mm layer 

HMWPE), and a conformable 4 mm thick 

titanium/UHMWPE in which the PE conformed 

and fitted into the curvature of the bone as 

depicted in Figure 1. 

Table 1. Material properties 

Material UHMWPE Titanium Cortical Bone 
Properties 

Young's 1.07 109 1.23 10 11 l.7 1010 

Modulus (Pa) 

Poi·sson's 0.41 0.33 OJ 
Ratio 

Shear 3.772 108 4.6 10 111 

Modulus (Pa) 

Densities 952 4650 1850 
(Kg/m/\3) 

Tensile ·22.1 106 1.161()9 9.3 106
• 

Strength (Pa) 

The plates were fixated to the bone using 

four titanium screws. The flat 

titanium/tJHMWPE bone plate was included so 

a comparison can be made · to determine if 

conformability provided the best results. Bone, 

plate and screws were considered as one and 

were therefore analyzed as a unit. A normal 

force of 50 lbs was applied to the top as shown 

in Figure 3 with the bottom held fixed. Meshing 

element size was kept constant throughout in 



addition to the mat~rial properties. Table l lists 
the material properties used in the analysis. 

A 

B 
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C 

Figure 1. Plate configuratioos 
A- flat 4 mm thick titanium plate, 

8- flat 4 mm thick titaniunvUH M WPE 
plate C- oonfcrrnable4 mm thick 

titaniunvUH M WPE in which the PE 
confer med to the bale 

Figure 2. Fa-<2 plaament. 



3. ResJlts 

As expected, each plate and screw 

configuration gave a different stress. range and 

distribution. Stress was measured on a color 

scale (blue to red) that corresponds to a 

numerical value determined by Solidworks as 

seen in the following figure. Blue, the bottom 

color . in figure · 3, denotes the smallest stress 

recorded _while red, the top color in figure 3, is · 

the highest. It is important to note that the 

numerical values assigned to each color differed 

from simulation to simulation due to the fact that 

some plate and screw produced higher levels .of 

stress than others. 

Figure 3. Cola ~e. 

The following figures 4, 5, and 6 are three 

results obtained from the software simulations. 

· Figure 4 shows that the highest stress was more 
concentrated around the screw in the area 

between the plate and bone. The stress range 

was around 1.683-20.10 MPa. Figure 5 is the 

flat Ti/UHMWPE plate. The stress distribution 

was similar to the flat Ti plate but the stress 

range was lower at 1.434-17 .20 MPa. Figure 6 
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is the simu'lation result of the conformable 

Ti/UHMWPE. Stress was distributed in the bone 

and along the screw tips. The stress range was 

considerably lower compared to the other plates 

at 0.710-8.287 MPa. Table 2 lists the scale 

ranges for each simulation. 

Figure4. Simulatioo d ttieflat titanium 
plate. 

Figure 5. Simulatioo cl the flat 
Ti/HMWPE plate. 



Fi~re 6 . . Simulatioo c1 the confamed 
Ti/UHMWPE plate. 

Table 2. Stress range. 
Bone Plate Stress (MPa) 
Flat Ti 1.683 - 20.10 

Flat Ti/UHMWPE 1.434 - 17 .20 

Conformed 
Ti/UHMWPE . 0.710 - 8.287 

4. Dis:useia, 

Stress distribution and range are important 

qualitat1ve and quantitative values that 

determine the effectiveness of the proposed 

design. According to the results, the PE addition 

had a dramatic effect on the amounf of stress. 

Conformity, on the other hand, was important in 

optimizing the distribution of stress. When 

doing a qualitative analysis, peak stress for both 

flat Ti plate and flat T i/UHMWPE plates were 

distributed more in the screw at the plate and 

bone interface. With cyclic loading, such as that 

during ambulation, th is can be an area of highest 
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risk for fatigue failure. When compari~g the 

actual values between the plates, the Ti plate had 

a higher value at 20.10 MPa whereas 

Ti/UHMWPE was 17.20 MPa. This showed 

that the PE had a beneficial effect by absorbing 

some of the energy. Furthermore, the plate 

simulations also showed lower stress levels in 

bone which is indicative of stress shielding. 

But when examining how much stress was being 

transferred into bone, the PE did show higher 

levels supporting the fact that it can reduce 

stress shielding. However, it is difficult to say 

whether or not PE reduced stress shielding 

enough to prevent · rigid fixation induced 

porosity. 

Overall, the conformed Ti/UHMWPE plate 

had the best stress distribution and values when 

compared to the other plates. Most of the peak 

stress occurred around or in the tip of the screw 

and not at the plate and bone interface. Also, the 

stress values were significantly lower than the 

other two plates. Most importantly, there is 

higher level of stress seen in the bone. This 

shows that PE and conformity are crucial in 

reducing stress shielding. But again, it is 

difficult to say whether or not this is enough 

stress to prevent rigid fixation related porosity. 
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s. Caidusa, 

This study was able to answer two questions. 

Does adding a material like UHMWPE to bone 

plates reduce stress shielding and doe_s 

conformity optimize stress distribution? Yes tt 

does. Overall, the best configuration was the 

conformed Ti/U HMWPE. By incorporating the 

polyethylene material, stress values and 

distribution was better. Although the results are 

promising, it should be noted that these are 

preliminary results. In order to get a better 

understanding of how this design will work m 

vivo, more complex simulations and 

experimental based studies need to be done. 

Future studies should include cadaveric testing 



-of both plates using the MTS machine. This will 

definitely help provide further proof of the 
design's ability to reduce stress shielding. 

Ultimately, the goal is to continually evolve the 
art of internal fixation to provide the best 
surgical outcome. 
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Absract 

In an effort to better prepare students for their 
future engineering careers it is important to help 
them develop skills in computer aided 
engineering including computer aided design, 
manufacturing, and analysis. This paper discusses 
how an undergraduate finite element course help 
improve students analytical and computer skills 
through a series of outlined exercises. 

1. Canputer Aided Engineering 

As an introduction to computer aided engineering, 
UNF students take a class in AutoCAD. This 
software is standard in many engineering fields, 
and closely relates to multiple other computer 
aided engineering programs. Concepts · learned in 
this course include: basic object construction, 
object editing, object organization, as well as two 
and three dimensional modeling. The processes 
and concepts learned directly relate to other 
applicable . modeling software such as the NX 
Ideas software used for the FEM course. With this 
foundation established, students are more 
proficient at learning how to use NX Ideas to 
utilize FEM for the various projects discussed. 

All mechanical engineering students a~e also 
required ·to take a course called Integrated Design 
and Manufacture. In this course students advance 
their three-dimensional modeling skills, learn 
about a variety of manufacturing processes, and 
apply the theory to several design and 
manufacturing projects. This course provides a 
solid foundation in CAD which certainly prepares 
them for design related engineering careers. It 
also provides a CAD foundation for the finite 
element course as the same software 1-deas NX 
is used in both courses. Students tha~ register fo; 
the finite element course prior to taking the 
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Integrated Design and Manufacture course gain the 
necessary CAD skills through a few CAD lectures 
in the beginning of the finite element course. 

The following paragraphs provide a detailed 
description of what is ·taught in the finite element 
course. A series of projects and their associated 
educational benefits are described. 

2. Project 1: Basic FEM and Convergence 
Tes 

The first project undertaken by students in the 
finite element design and analysis (FEM) course 
demonstrated the effects of shear forces and 
bending moments. Students modeled a simple wall 
mounted U-shaped bracket, shown in Figure 1, 
designed for holding a horizontal beam that 
experiences a vertical load. 

Figure 1: Half of beam bracket 

The objectives of this project are: 

✓ Familiarize students with the software 
✓ Familiarize students with FEM steps 
✓ Understand mesh convergence 
✓ Understand linear relationship between stress 

and applied force 

First a critical lesson in FEM was learned: the 
concept of element density and convergence 



checking. The accuracy of a solution of an FEM 
model depends greatly upon how many elements 

· are in the model. If too few elements are used the 
results will not be accurate. The relationship 

· between mesh density and accuracy of the results 
increases up to a certain threshold then remains 
relatively constant. However, since the 
processing time continues to increase with 
increased mesh density, it is necessary to 
determine the appropriate mesh den.sity. This can 
be done u~ing convergence checking. This is done 
by solving a coarse model and recording the 
maximum stress level, then resolving the model 
with a finer mesh and repeating the process to 
develop a curve of the stress-vs.-number of 
elements. The plot will converge as the optip1al 
mesh density is approached. Adding more 
elements at this point will increase processor time 
but not make the results significantly more 
accurate. A sample convergence plot is shown in 
Figure 2. 
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Figure 2: Mesh convergence pfot 

This plot shows that as the number of elements 
reached approximately 12000, the stress level for 

· the model wa~ not significantly affected. 

Once an appropriate mesh density was chosen, the 
analysis could begin. To determine the bracket's 
maximum allowable load, students solved the 
model three times. The first solution included 
only the bracket's own weight as the applied load, 
which was accomplished by applying a 
gravitational acceleration. The second was the 
same as the first with an added force acting at the 
location where the beam would sit. The results 
from these solutions were plotted to get a load
stress curve. Students would then interpolate or 
extrapolate to see where on the load-axis the load
stress function equaled the yield stress of the 
bracket material. A third solution was then 
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performed to verify the results. Figure 3 shows an 
image of the resulting stress distribution. 

Figure 3: Beam show in~ stress results 

The educationa,I objectives for the project were, 
Students learned the basics of FEM and how to use · 
a new ·modeling program. They also gained an 

understanding about the linear relationship 
between the stress distribution in a part and the 
force applied to the part. The importance of mesh 
convergence was also emphasized through the 
convergence plot. 

3. Project 2: Mapped MeEt1ing aRt 
Canbining Element Types· 

This project used the model developed during 
Project 1 but also included a beam passing through 
the hole of the bracket, as seen in Figure 4. Forces 
of known magnitudes were applied to the end of 
the beam, with the intent of finding the location 
and magnitude of maximum stress. 

Figure 4: Bracket with beam 

· The objectives of this project are: 

✓ Learn how to apply a mapped mesh 



✓ Understand how elements of different degrees 
o°f freedom inte.ract 

✓ Introduce special elements 
✓ Understand how to transfer loads between 

two different components 
✓ Understand how to allow relative motion 

between components 

This project made use of a different meshing 
technique called mapped meshing. Instead of 
letting the computer fill the model with 
tetrahedral elements using an automated 
algorithm, students partitioned the model into 
volumes and applied a mesh to each one. Mapped 
meshing allowed students to have neatly packed 
hexahedral elements. A side view of the mesh is 
shown in Figure 5. The beam was modeled using 
beam elements as seen in Figure 4. 

Figure 5: Mapped mesh, side view 

In order to transfer loads from a beam element to 
the beam bracket, a combination of spring 
elements and restraint elements were used. The 
center of the beam was connected to a 
translational and a rotat ional spring which were 
then connected to a coincident node. The 
coincident node was connected via a restraint 
element (visually similar to bicycie wheel spokes) 
to the inside surface of the bracket. The 
translational spring allowed no relative motion 
between the beam and bracket, whereas the 
rotational stiffness around the beams long axis 
was low to allow for rotation. The constraint 
element was used to transfer the displacement of 
the coincident node to the bracket. Figure 6 shows 
a snapshot of the beam-to-bracket connection. 

Figure 6: Beam to bracket connection -
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When the loads were applied, the force was 
transmitted into the beam elements, into the 
restraint elements, and then into the bracket itself. 
Then students were able to see where the 
maximum stress occurred in the part. 

Students met the objectives of this project. They 
gained a good understanding of how elements of 
different degrees of freedom interact with each 
other, and they also learned how separate 
components can be modeled together in FEM 
software and how a mapped mesh can be applied 
to provide maximum controllability of the mesh. 
The relative motion was achieved by carefu11y 
specifying the stiffness of the springs. 

4. Project 3: Contact Analysswith Frictioo 

This project introduces students to the concept of 
contact and friction between separate components. 
Students modeled a block on a plate, and analyzed 
the effect of friction on the results of the model. 
Figure 7 shows an image of the block resting on 
the plate. 

1-:, ~ g 4 : 1,; \ · cc~., ' 
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\ 
Figure 7: Block on plate 

The objectives of this project are: 

✓ Learn how to apply contact elements 
✓ Learn how to analyze results 

Once the block and plate where modeled and 
meshed, special elements called contact elements 
where applied to the contact surfaces. The element 
includes information regarding the friction 
between the two materials given a known frictional 
coefficient. A gravitational force was required for 
this analysis in order for friction to have any effect 
through the normal force. Before applying a load 
to the block, students performed hand calculations 
using Newton's laws of motion to find the 
minimum force required to overcome the force of 
friction. Two simulations were run: one with a 



force just below the threshold force , and one just 
above it. 

The results of the analysis with the load below the 
· threshold yielded expected results: the block did 

not move because the frictional force was greater 
than the applied load, as seen in 
Figure 8 8. Also, the weight of the block was 
supported through the normal force by the plate. 

Figure 8: Applied Force Less Than Threshold 
Value 

The second simulation, which used a force above 
the threshold value, yielded inaccurate results. 
These are show in Figure 9. 

Figure 9: Applied Force Greater Th~n Threshold 
Value 

The generated results were not accurate since _a 
static simulation algorithm was used for a non-· 
stati~ scenario. In fact, the software provided a 
warning that it stopped solving before 
convergence was achieved. 

In this project students learned the process of 
applying contact elements. However, they were in 
general not able to analyze . the results of the 
second (dynamic) load case. Not until the 
instructor explained to them that the results were 
invalid did they fully comprehend this portion of 
the project. From this the instructor learned that 
even more emphasis must be placed on helping · 
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the students understand the importance o! 

analyzing their results. The students learned from 
their mistakes and will hopefully not make similru 
mistakes in their future careers. · 

5. Project 4: Vibrations 

In this project students modeled a simple one. 
dimensional spring-mass system bounded by a 

wall on either end, with the intent of using the 
FEM software to determine the natural frequencies 
of the system. The spring-mass system is shown in 
Figure ·10. 

Figure 10: Spring-mass system 

The objectives of this project are: 

✓ Learn how to solve vibration problems in 
FEM software 

✓ Compare computer results to hand 
calculations 

✓ Understand eigenvalues and eigenvectors 

The model consisted of five springs, each free to 
move only in the x-direction. Two different masses 
where added to the central nodes of the spring 
system. Using the vibration analysis function of 
the FEM software students were able to generate a 
report showing all of the vibration frequencies and 
their respective mode shapes of the spring mass 
system. After modeling the system in the FEM 
software, students performed hand calculations for. 
the same system. They solved the eigenvalue 
problem by hand and compared the results to the 
software resu Its. 

The objectiNes of this project were met. Students 
learned how to use the vibratiory analysis function 
of the FEM software, as well as how to perf~rm 
hand calculations on vibration. 

6. Project 5: Optimization 

The final project for the FEM class was performed 
to teach students how . to use the optimization 
function of the software. A cantilever beam with a 



h le through it was modeled. Using optimization 
s~dents optimized - selected dimensions of the 
model to minimize stress. 

Objectives: 
✓ Familiarize students with optimization 

using FEM software 

Two optimization methods were used. Using the 
first method, parameter study, students modeled 
the beam and established the x and y locations 
and the diameter of the hole as independent 
design variables. The software then ran three 
separate solutions: one for each parameter, 
varying the parameter's value within a range set 
by the student. When the model solution 
completed students analyzed the data to see which 
parameter reduced stress the most and what value 
the parameter should be set to. 

The second method used is a gradient based 
technique. Students set defined a set of design 
parameters to be varied at one. The software 
looks at the stress gradient to determine how to 
modify the design parameters for the next 
iteration step. Given enough time and iterations, 
the solution generally converges to a set of 
dimensions that yield the localized lowest stress 
in the beam. 

The objective for this project was met. Students 
successfully learned about optimization using 
FEM software, and also learned about multiple 
methods of optimization. 

7. C<lldusia, 

One of the objectives of the finite element course 
is to better prepare students for their future 
engineering careers. In an effort to enhan·ce this 
preparation, students go through a series of hands
on exercises in which trey apply the theory 
learned in class to projects. Each . project is 
designed to enhance the students computer, and 
analytical skills, and of course their understanding 
of finite element fundamentals. 

It was found that students in general enjoy the 
applied nature of the course. Almost all of the 
students do well in using computer aided 
functionality both including CAD and FEM. The 
project reports also demonstrate that the students 
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have gained a solid understanding of the finite 
element theory. However, a large number of 
students fail to demonstrate a strong ability to 
critically interpret their results. This was in 
particular evident in the contact-friction problem. 
The instructor purposefully assigned a load 
scenario that would produce inaccurate results. 
Yet, most students tried to interpret the results 
incorrectly. 

In summary, most of the educational objectives of 
the course were met. Students are likely to directly 
benefit from this course in their future careers. 
Even though they may not be performing finite 
element analysis themselves they need a basic 
understanding of the capabilities and limitations of 
this analysis methodology and tool. Those students 
going into a design career are likely to use the 
skills learned in this course on a regular basis. 
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Abstract 

This paper is primarily based on Rogers' 
diffusion of innovations theory and· Auger's 
empirical study. An empirical research study 
was conducted to investigate the relationship 
between the length of time of conducting 
business-to-customer (B2C) operations online 
using a company's Web site and performance of 
that particular commercial printing firm. The 
performance was divided into three categories: 
financial , non-financial, and overall. The 
financial performance was measured using four 
financial indicators: sales, profits, costs, and 
return-on-investment (ROI). The indicators used 
for measuring the non-financial performance 
were number of customers, merchandise return 
rate, and sales and marketing productivity. The 
overall performance was measu~ed by 
combining both financial and non-financial 
indicators. Roger's diffusion of innovations 
theory stated that by adopting the technology 
earlier, companies gain profit over their 
competitors. Roger's theory also stated that 
consequences are the change·s that occur to a 
company as a.result of the adoption or rejection 
of an innovation. This paper investigates the 
relationship between the length of adoptio11 of 
t,he Web technology for conducting B2C 
operations or e-commerce and performance of a 
commercial printing firm. 

1.1 ntrocluctioo 

The Web is one of the fastest growing 
technologies. It is a multi~ functional tool that 
has number of advantages. Companies can use 
Web technology as a business tool to publish the 
information about their products and services, to 
market and sell their products and services, and 
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to co_mmunicate with their custom·ers, vendors, 
and employees. AdditionaHy, through Web 
technology companies can offer technical 
support and receive payments. Findings gathered 

_ from the review of lite'rature showed that there 
were contradictions on the effect of Web 

. technofogy on the performance of companies. 
Some ·professionaJs believed that their 
companies were performing better because of 
Web technology. Some professionals did not 
notice any change in the company's 
performance. On the other hand, some 
professionals perceived that Web technology 
adversely affected their performance. The 
research study was conducted to investigate the 
relationship between the length of adoption of 
Web technology and performance of a 
commercial printing firm based on the Roger's 
theory of diffusion. 

2. Raria,v c:l Literature 

This research study was based 
on the Rogers' diffusion of innovations theory 
[11], Auger's study [1] , and Roth's findings 
[ 12]. Rogers [ 11] defined diffusion as "the 
process by which an innovation is 
communicated through certain channels over . 
time among the members of a social system" (p. 
5). The innovation can be an idea, practice, or 
object that is perceived as new by an individual 
or other unit of adoption [11 ]. This study 
examines the Web as an innovation or 
technology and its diffusion in society in terms 
of how it brings changes to the organizational 
performance of companies. Rogers [ 11] stated 
that the consequences are the changes that occur 
to an individual or to a social system as a result 
of the adoption or rejection of an innovation. He 
further stated ~hat by being first in the field, 



innovators frequently secure a kind of econo~ic 
gain called windfall profits. Web technology ts 
not only a developing technology but also a 
dynamic in nature.· Therefore, it was assumed 
that commercial printing companies who are 
•conducting B2C activities on the Web over a 
longer period of time perform better than others. 
rn this study, the relationship between the length 
of adoption of Web technology for conducting 
B2C activities and performance of a commercial 
printing company was investigated. Based on the 
Auger's study [ 1] the organizational 
performance was divided into two categories: 
financial and non-financial. Financial 
performance was measured by four indicators 
that include sales, profits, costs, and ROI. 
Whereas, non-financial performance was 
measured by three indicators that include 
number of customers, merchandise return rate, 
and sales and marketing productivity. 

There are sufficient findings on 
desirable, direct, and anticipated consequences 

. of Web technology based on the Rogers' theory. 
McLean [9] said that Web sites could be 
powerful tools for printers, if they were well 
constructed. He added that Tonya Starr, 
president of Premierprinter.com, cited_ the 
research study finding that a company that has a 
Web site achieves a 35% higher level of 
credibility than a company that does not. 
Behrens [2] indicated that the usefulness of e
mail and Web sites as present-day marketing 
vectors can trigger sales promotion, and thus can 
be widely used by many printing companies. 
Williamson [14] stated that using the appropriate 
software, Internet-based retailers can 
communicate customized messages and 
promotions to individuals with the desired 
interests and shopping patterns. Because of 
interactive technology, manufacturers can buiid 
a one-to-one relationship with their customers, 
tailoring the marketing m'ix to individual 
preferences [ 1 0]. Hirshowitz [7] stated that the 
World Wide Web provides several benefits to 
quick printers. For instance, Kinko's uses its site 
to display products and services, while Herndon, 
a Virginia-based Insty-Print generates $5,000 to 
$ I 5,000 monthly sales on the Internet [7]. 
Hirshowitz [7] cited that AlphaGraphics in 
Scottsdale, Arizona, developed a Web site that 
allows customers to transact business with its 

185 

Proceedings of the 2009 IEMS Conference 

300 franchised print shops worldwide. Fr~nk 
Romano, chair of the School of Printing, 
Rochester Institute of Technology, mentioned 
that e-commerce would allow printers to deal 
more efficiently with the everyday rapid changes 
[6]. Cummings and LeMaire [4] found from 
their empirical study that printers, customers, 
and end users all benefited from e-commerce 
services in the printing industry. 

Based on the Rogers' theory there are 
undesirable, indirect, and unanticipated 
consequences associated with Web technology, 
also. It was stated in the "The Ultimate E
commerce Study" [13] that the Indian industry 
has clearly understood that e-commerce is not a 
solution for all business problems and marketing 
strategies. It is important to note that a blind 
choice of Web technology has further added to 
many firms' problems, those who have been 
unable to comprehend the effect of the Web on 
their businesses. Durfee and Chen [5] indicated 
that one of the important lessons learned in the 
last year is that e-commerce is not for everyone, 
because investments are significant, and 
mistakes are expensive and highly visible. Roth 
[ 12] cited the findings of research conducted by 
the Graphic Arts Marketing Information Service 
of Printing Industries of America (GAMIS/PIA) 
that not many companies are making profits by 
conducting business-to-customer activities on 
the World Wide Web. Roth indicated that only 
11% made money on Web sites, while 43% 
thought they broke even and 3 8% lost money. 
Burke [3] discovered that existing retailers have 
also been reluctant to support electronic 
shopping for the following reasons: 

1. Building and maintaining a Web site 
requires a significant investment of time and 
money with an uncertain return on investment. 

2. If retailers post their prices on the 
Internet, customers and competitors have easy 
access to this information, increasing market 
efficiency and reducing margins. 

3. Electronic-sales incur shipping and 
handling costs. 

4. Electronic-sales have higher return 
rates of goods because sometimes customers do 

· not obtain the goods that meet their 
expectations. 

In another study, Jarvenpaa and Todd 
[8] indicated that the main drawbacks of Internet 



· shopping were not technical issues like network 
security and bandwidth. Instead, consumers 
complained that the Web was hard to navigate, 
specific items were difficult to find, and 
offerings of individual sites were too limited and 
not competitive in price. Auger [ 1] conducted 
similar research to investigate the relationship 
between a Web strategy and the financial and 
non-financial measures of performance of a 
company. He concluded that there was a positive 
association between multi-objective sites and 
overall performance. Additionally, he found a 
positive relationship between advertising of the 
Web site and overall performance. Auger 
investigated that there was a similar relations.hip 
between the number of visitors and overall 
performance· as well as between the frequency of 
site updates and overall perfonnance. 
Surprisingly, he found a negative association of 
Web site design features and services with 
overall performance. Further, Auger found that . 
the more complicated the Web site, the less the 
number of visitors. Hence, the overall 
performance could be negatively affected. 

Based on the literature, Web technology 
brings about both positive and negative 
consequences that affect organizational 
performance. Positive consequences of Web 
technology, such as reaching a large number of 
customers, online marketing and sales, online 
transactions, and customization of messages, 
usually improve the performance of a company: 
On the other hand, there are negative 
consequences as well, such as the costs of 
building and maintaining a Web site, shipping 
and handling costs for tangible goods, higher 
return rate of items sold on the Web, and 
increasing competitiveness. There was no study 
found on the relationship between th~ length of 
adoption of Web technology and organizational 
performance of commercial printing companies. 

3. Methodology 

A survey instrument, a questionnaire, 
was pre-tested for its validity and reliability. A 
pilot test was conducted to check the validity of 
the questionnaire,. eliminate any ambiguity, and 
make appropriate changes according to 
respondents' suggestions. A targeted sampling · 
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technique was applied to select the final 
subjects. Commercial printing firms of the 
Midwest region of the United States that had 
Web sites were selected: Questionnaires were 
sent to appropriate graphic communications 
professionals such as presidents or owners, vice
presidents, director~,-and marketing managers of 
those firm~. A seven-point Likert scale was used 
to measure the organizational performance. The 
seven-point Likert scale was designed as: ( 1) 
strongly disagree, (2) disagree, (3) somewhat 
disagree ( 4) no differ~nce, (5) somewhat agree, 
( 6) agree, and (7) strongly agree. The four 
_financial indicators, including sales, profits, 
costs, and ROI were used to measure the 
_ financial performance. While the three non
financial indicators include number of 
customers, merchandise return rate, and 
productivity related to marketing and sales 
functions. All the seven indicators were 
combined to measure overall performance. The 
Spearman correlation, analysis of variance 
(ANOV A), and chi-square statistical methods 
were used to determine the relationship between 
the length of time for conductihg 82C activities 
on the Web and three levels of performance 
(financiat, non-financial, and overall) of a 
commercial printing company. 

4. Findings 

A total of 38 questionnaires out of 103 
subjects were received. The r~sponse rate was 
36.89%. It was found using Spearman 
correlation analysis and ANOV A method that 
there was no significant association between the 
length of Web site operation and the three levels. 
of performance at a= 0.05. The findings did not 
support the directional hypothesis. Using the 
ANOV A method, there was no difference in 
means of the categorial data found. It appears 
that financial, non-financial, and overall 
performances of a commercial- printing company 
are independent of the length of Web site 
operation. See Table 1 for more information. 

· The chi-square analysis was performed 
to verify the results of the Spearman correlation 
and ANOV A statistics. Most of the results were 
consistent with the results of the Spearman 
correlation and ANOVA. However, it was found 



from the chi-square method t~~t the le~gth ~f 
Web site operation had a pos1t1ve relat1onsh1p 

'th two financial indicators, sales and return on 
:~estment. Table ·2 shows the significant 
positive relationship between the length of 
adoption of Web technology and sales and return 

on investment. 
· Table 3 exhibits the frequency of 
responses to the question on how long . 
commercial printing firms conducted busmess
to-customer activities on the Web. About 60% 
of firms had three or more years of experience 
on conducting the business over the Web. 

s. Coodusioos 

Findings were irrelevant with the 
Roger's theory of diffusion of innovation theory. 
There were no significant positive relationships 

· between the financial, non-financial, and overall 
performances and the time frame of Web site 
operation. The findings did not support the 
research hypothesis. However, it was found 
from the chi-square statistics that there was a 
significant positive relationship between the 
length of adoption of Web technology and two 
financial indicators, sales and return on 
investment. It can be concluded that conducting 
business on the Web over a long period can 
increase sales and improve ROI. 

In relation to the consequences of an 
innovation model, it is concluded that the use of 
Web technology as a business t~ol brings 
desirable, direct, or anticipated changes. That is 
Web technology increases sales and ROI. At the 
same time, it brings undesirable, indirect, or 
unanticipated changes which include no 
significant improvement in profits, costs, 
number of customers, merchandise return· rate, 
or sales and marketing productivity. 

. . The results matcb with the GAMIS/PIA 
study that not many printing firms are making 
profits by conducting B2C activities on the Web. 
The findings show similarities with the results of 
"The Ultimate E-commerce Study" and Durfee 
and Chen's study that e-commerce is not for 
everyone. Future research studies should be 
conducted over a larger population to determine 
which other factors are responsible for 
improving financial, non-financial, and overall 
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performances of commercial printing firms to 
conduct e-commerce. 

6. Raxmmmdatioosfa Future Research 
Studies 

Recommendations are made based on 
research methodology and findings. The 
following recommendations are made for future 
research studies. The findings of those studies 
could be different from this study. 

1; A longitudinal experimental study 
should be conducted in a commercial printing 
firm in order to study the relationship between 
the length of adoption · of Web technology and its 
performance. 

2. A research study should be 
performed with a larger sample size of 
commercial printing firms to verify the results, 
and generalize findings for the larger population. 

3. A correlation study should be 
performed to determine the relationship between 
independent variables and dependent variables, 
financial, non-financial, and overall 
performances. The independent variables that 
can be used are· Web site features, advertising of 
the Web site, number of visitors, and frequency 
of Web site modification. 

4. The above-mentioned research 
studies should be conducted in different 
industries to investigate the impact of Web 
technology on their financial, non-financial, and 
overall performances. 
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Table 1. Relationship Between Length of Web Site Operation and Performance Indicators 

Performance Indicator Spearman Correlation Analysis ANOV A Method to test 
Difference in Means 

Coefficient p-value F-Statistics p-value 

Financial Performance 0.1016 0.5553 0._53 0.7145 

Sales 0. 1023 0.5412 0.73 0.5802 

Profits -0.0648 0.6993 0.26 0.9031 

Costs -0.0668 0.6902 0.37 0.8304 

Return on Investment 0.2230 0.1911 0.85 0.5054 

Non-Financial Performance 0.0752 0.6535 0.40 0.8060 

Number of Customers 0.1413 0.3973 0.88 0.4852 

Merchandise Return -0.1928 0.2463 0.37 0.8268 
Rate 

Sales & Marketing 0.0729 0.6634 0.47 0.7548 
Productivity 

Overal I Performance 0. 1396 0.4168 0.56 0.6908 
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Table 2. Chi-Square Statistics to Validate the Results of Spearman Correlation 

Length of Web Site Operation Variables Degree of Chi-Square Significance 
Freedom 

Financial Performance 2.1406 0.1434 

Sales 3.7021 0.0543M 

Profits 0.2768 0.5988 

Costs 0.0353 0.8510 

Return on Investment 5.9181 0.0150*/\ 

Non-Financial Performance 0.9913 0.3194 

Number of Customers 1.9925 0.1581 

Merchandise Return Rate 1.5748 0.2095 

Sales & Marketing Productivity 0.0373 0.8468 

Overall Performance 1.4610 0.2268 

Note. * significance level a = 0.05 
"shows inconsistent results with the results of Speannan correlation analysis. 

The seven-point Likert scale was divided into two groups: (a) No Agreement (scale 1 - 4) and (b) Agreement (scale 5 - 7). The 
length of Web site operation was divided into two groups: (a) Two years or less and (b) Three years or more. 

Table 3. Frequency Analysis on Length of Web Site Operation 

Length Frequency Percent Valid Cumulative 
Percent Percent 

1 Year or Less 7 18.42 18.42 18.42 

2 Years 8 21.05 21.05 39.47 

3 Years 12 31.58 31.58 71.05 

4 Years 7 18.42 18.42 89.45 

5 Years or More 4 10.53 10.53 100.00 

Total 38 100.00 100.00 

Total 38 100.00 
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An Expert System fran Designers of M ulti-Cae f:>roaBing, 
Cloud Processing, "SOA", a "C4G" Technology fa Advia!on 

Beginning Use of New Technology 

Robert L. Mullen 
Ebuthern Connocticut Sate Universty 

Abstract 

This paper describes the conc~ptual 
development of an expert system to capture the 
combined knowledge designers of new multi-core 
processing, cloud processing, Computing for Good, 
or "~OA" technology to ease the introduction of 
new technology into common use. Dual-core and 
quad-core technology have been in use for a few 
years but this newer technology has the potential of 
being the fifth generation of computer processing 
with staggering improvement in processing speed. 

I ntroductioo 

Since the early 1980s expert systems have 
been developed for the purpose or' passing expertise 
from those . with the knowledge to those who need 
the knowledge in a convenient and easily accessed 
manner. The idea is to tap the mind of the expert 
such that a less expertise person can solve problems 
normally handled by the expert w~thout the expert 
having to be present. In the early 1980s, expert 
systems were crude, self developed by only a few 
firms that saw value in them. By the late. I 980s, 
special languages such as VP-Expert and c ·LIPS 
emerged and software shells · developed to increase 
the ease of development of these systems. The first 
decades of the 21 st century has witnessed the 
emergence of intelligent expert systems which 
provide access to multiple experts within a narrow 
field of interest. 

In the 1990s with the focus on downsizing 
and need to cut costs in all area, managers of large 
corporations had turned to expert systems to provide 
advice when the cost of hiring an expert ( consultant) 
or access to a previous expert employee who .has 
been downsized was gone. The recent interest in the 
first decade of the 21 st century on knowledge 
management has caused a renewed interest in expert 
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systems as a means to manage knowledge for eas~ 
. and wider distribution. The software industry ~ 
matured to build "intelligence'' into softwart 
sometimes known as "learning systems" which · 
adapt themselves based on how they are u~ 
Expert Systems continue to become more comp! 
but require constant upkeep. 

This paper addresses the area of advisi 
non-experts who want and need to learn about new~ 
emerging technology quickly from the developersd 
the new technology who at this time are considerel 
the experts. This is an innovative way of usi~ 
Expert System technology to pass-on knowledge ~ 
experts to new less-expert users. It is based on fu: 

concept of providing a list of FAQ (frequently askel 

questions) to customers to see if their question has 

been asked and answered before, allowing the expert 
customer service . personnel to deal with the newer 
and more compfox- problems that have not occurreo 
before. An.ticipating the questions that new users ol 
an emerging technology may have and being able to 
respond quickly to these questions could speed u~ 
the process of introducing new technoto·gy to the 
.general public by reducing fear and concern for 
change. This•paper will be used in an undergr~duate 
course in Expert Systems to demonstrate the current 
focus of expert system development · to support 
decision making in management and engineering 
thereby extending the value of expert system 
technology to build knowledge-based systems_ to 
serve a wider audience than -in the past. 

. Additiooal Backw01.md to Paper 

Since early 1990s, I have taught an elective 
course in the MIS program at SCSU titled "Expert 
Systems". In MIS work, expert systems have long 
been considered the most difficult and complex of 
all information system types. They are included _in 
the family of applications known as "artificial 



intelligence". Tpey represent an application 
attempting to m1m1c the human brain. These 
applications capture the experience of an "expert" in 
a narrow area of expertise in computer form such 
that this vast "knowledge base" can be used to 
·produce advice for a non-expert to solve a problem 
to which they have not gained appropriate 
experience as if they were equal to the expert. This 
is quite a challenge. Students were having difficulty 
understanding the nature of these systems and how 
they differ from traditional information systems 
from a design standpoint. Figure 1 outlines the 
components of an expert system. 

In support of this course, which was my 
most challenging to teach, I developed a model of an 
expert system to demonstrate to the students how 

· such a syste·m is developed using a language, 
CLIPS. The model involved picking two individuals 
a year who were experts in their field and who were 
living · at the time so theoretically I could have 
interviewed personal to capture their expertise. 
However, these chosen individuals were well known 
enough in their field to have had books and later 
Internet articles published about them. This was the 
source of information for these systems. I began 
presenting my work at various conferences for peer 
comments to improve the process. A list of 
organizations where these papers have been 
presented and published is shown as figure 2. 

·I realized in 2005 that I had developed a 
collection of experts handled individually that had 
been focused on two areas of expertise -
management and the computer industry. In 2006 I 
focused on combining experts into an intelligence 
based system. I demonstrated • in a 2006 paper how 
through the use of an intelligent front-enq I could 
build a larger .system as an example of adding 
intelligence to expert s~stem technology. That paper 
was presented in 2006 at IEMS paper titled "An 
Intelligent Expert System for Those Entering the 
Computer Industry". Figure 3 denotes the changes 
required from the tradition single expert system 
development components to a development that 
would add front-end intelligence and the ability to 
combine a group of experts into a single system. 
This would extend the value of this technology from 
providing information from a single expert to a 
·knowledge-based system providing appropriate 
advice from an ever-growing number of experts. 
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This year, 2009, I looked for newer 
innovative ways of expanding on group expert 
systems with intelligence to explore using such 
systems to introduce new technology and share 
knowledge of experts brought together by a merger 
of firms formerly competitive. 

FIGURE 1: COMPONENTS OF AN EXPERT 
SYSTEM 

Dialog Screen - Determine Nature cl Problem 
Kno,vledge Base-A collection of "If ... Then" 

statements Fran Experts 
Inference Engine- Software to much kno,vledge 

base 
Presentatioo- Determineho,v to display advice 

to system user 

FIGURE 2: CONFERENCES WHERE EXPERT 
SYSTEM PAPER WERE PRESENTED 

Assxiatioo cl Management; Decision Science 
Institute 

Industry; Engineering, and Management Systems 
I nformatioo Res:>urce Management Assxiatioo 

FIGURE 3: COMPONENTS OF AN INTELLIGENT
BASED EXPERT SYSTEM 

Dialog Screen - Determine the Nature cl Advice 
Being Sought 

Kno,vledgeBase-cl multiple experts in a 
focu93d field cl expertise 

Inference Engine- Modified to select ooly those 
experts appropriate 

Preeentatia, - modified to prioritize 

Specific Development cl This Paper 

Figure 4 is a list of emerging new 
· technologies upon which I focused for this paper. 
These all impact traditional computer processing. 
Next year (2010), I expect to change the emerging 
technologies to introduce the changes anticipated 
from the emergence of Web 2.0 and Internet 2 
which are finally becoming reality in 2009. 

Multi-core processing has been around a 
· few years since the emergence of core 2 chips for 
use in smal I laptop computers. The idea · was to 





An inteiligent front-end system would guide 
the user of the system to uncover their concerns on 
implementing newly emerging technology in their 
firm. If the technology is not covered by the experts 
in the system (such as fiber channel over either-net), 
the intelligence would record the request as an 
interested query not covered and alert experts to add 
it to the system when enough interest has occurred. 
Answers for the four technologies covered would be 

· indexed such that once the system knows it is a 
"cloud processing" question, only those answers 
supplied by experts in that field need be search. If 
the question is beyond knowledge in the knowledge 
data base of anticipated FAQ, a contact . person 
would be recommended whose answer would be 
added to the knowledge base for future use. 

Coodusioo 

This paper describes the conceptual 
development of an intelligent-based expert system 
applied to capture the knowledge of a several well
known experts who happen to have become 
billionaires from their success. A list of experts 
included is identified in figure 4. It provides a 
learning tool for use in a course on expert systems 
so that students in that course can select some other 
group experts in a narrow domain of interest and 
experience the development a mid-2000s version of 
expert system technology with intelligence added. 

193 

Proceedings of the 2009 IEMS Conference 

REFERENCES: 

1. Bushaus, Dawn (2009): "The Big Data-Center 
Synch"; NetworkWorld; Jan 26; pg 26. 

2. Beerel, Annabel (1998): Expert Systems in Business: 
Real World Applications; Ellis Horwood Publishing; 
New York. 

3. Bushaus, Dawn (2009): "The Big Data-Center 
Synch"; NetworkWorld; Jan 26; pg 26. 

4. Chandler, John S. (1998): Developing Expert 
Systems for Business Applications; Merrill 
Publishing; Columbus, Ohio. 

5. Durkin; John (2000): Expert System Design and 
Development; Maxwell MacMillan Publishing; New 
York. 

6. Edwards, John (2009): "Cutting through the Fog of 
Cloud Security"; ComputerWorld; Feb 23; pg 26. 

7. Fountana, John (2009): "IBM/Lotus cranks up cloud 
efforts"; NetworkWorld; Jan 26; pg 4. 

8. Gaudin, Sharon (2008): "Software holding back 
spread of Multi-core Chips"; NetworkWorld; Sep 29; 
pg 10. 

9. Bushaus, Dawn (2009): "The Big Data-Center 
Synch"; NetworkWorld; Jan 26; pg 26. 

10. Harmon, Paul (1999):Creating Expert Systems for 
Business/Industry: Wiley and Sons, NY. 

11. MacVittie, Lori (2008): "A Primer on cloud 
computing"; NetworkWorld; Dec 22; pg 21. 

12. Mullen, Robert (2006): An Intelligent Expert System 
for Those Entering the Computer Industry: Decision 
Making in Management and Engineering Track; 2006 
Industry, Engineering and Management Systems 
Association (IEMS) Annual Conference; March 13-
15, 2006; Cocoa Beach, Florida, page 47. 

13. Mullen, Robert (2006): An Intelligent Expert System 
for MBA Students on Management Principles; 
Decision · Making in Management and Engineering 
Track; 2006 Industry, Engineering and Management 
Systems Association (IEMS) Annual Conference; 
March 13-15, 2006; Cocoa Beach, Florida, page 50. 

14. Weinberg, Neal (2008): "Nine hot technologies for 
2009" 

15. #8 cloud computing)"; NetworkWorld; Dec 29; pg 
13. 



Proceedings of the 2009 IEMS Conference 

An Intelligent Expert System· 
Fran Gcxtje/Y ahoo fa Those Developing Search Engines 

Robert L. Mullen 
· . Bouthern Conn~icut Sate Universty 

Abs:rad 

This paper describes the conceptual 
development of an expert system to capture the 
combined knowledge of a prospective merger of · 
Google and Yahoo to speculate on what these 
combined experts might advise software developers 
of the strengths of their respective search engine 
software. By applying intelligence to the 
knowledge-base of these experts, common advice 
from the combined e~pertise is used to advise ~thers 
attempting to develop new software. 

I ntrocludion 

Since the early 1980s expert systems have 
been developed for the purpose of passing expertise 
from those with the knowledge to those who. need 
the knowledge in a convenient and easily accessed 
manner. The idea is to tap the mind of the expert 
such that a les~ expertise person can solve proble111s 
normally handled by the expert without the expert 
having to be present. In the early 1980s, expert 
systems were crude, self developed by only a few 
firms that saw value in them. By the late ·1980s, 
special languages such as VP-Expert and CLIPS 
emerged and software shells developed to increase 
the ease of development of these systems. 

In the 1990s with the . focus on downsizing 
and need to cut costs in all area, managers of large 
corporations had turned to expert systems to provide 
advice when the cost of hiring an expert ( consultant) 
or access to a previous expert employee who has 
been downsized-was gone. The recent interest in the 
first decade of the 21 st century · on knowledge 
management has caused a renewed interest in expert 
systems as a means to manage knowledge for easier 
and wider distribution. The software industry has 
matured to build "intelligence" into software, 
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. sometimes known as "learning systems" which can 
adapt themselves based on how they are used. 

Th is paper addresses the area of advising 
non-·experts who want and need to learn about a 
narrow field of technology such as that used in 
search engine software quickly from the developers 
of such technology when a merger of firms 
involving former competing experts takes .place. 
This is an innovative way of using Expert System 
technology to pass-on knowledge of experts to new 
less-expert users. It is based on the concept of 
creating a knowledge-base from individual experts 
within a firm that is being merged with a firm where 
similar expertise has previously been protected for 
competitive reasons. The merger encourages the 
newly joined experts to share their expertise with 
others now in the same firm. This type of expert 
system would be protected from others outside the 
merged · firm from access to this combined 
knowledge base. This paper will be used in an 
undergraduate course in Expert Systems to 
demonstrate the current focus of expert system 
development to support decision making in 
management and engineering thereby extending.the 
value of expert system technology 'to build 
knowledge-based systems to serve a wider audience 
than in the past. 

Additional Backwound to Paper 

Since early 1990s, I have taught an· elective 
course in the MIS program at SCSU titled "Expert 
Systems". In MIS work, expert systems have long 
been considered the most difficult and complex of 
all information system types. They are included in 
the family of applications known as "artificial 
intelligence". They . represent an application 
attempting to mimic the human brain. These 
applications capture the experience of an "expert" in 
a narrow area of expertise in computer form such 



that this vast "knowledge base" can be used to 
produce advice for a non-expert to solve a problem 
to which they have not gained appropriate 
experience as if they were equal to the expert. This 
is quite a challenge. Students were having difficulty 
understanding the nature of these systems and how 
they differ from traditional information systems 
from a design standpoint. Figure 1 outlines the 
components of an expert system. 

In support of this course, which was my 
most challenging to teach, I developed a model of an 
expert system to demonstrate to the students how 
such a system is developed using a language, 
CLIPS. The model involved picking two individuals 
a year who were experts in their field and who were 
living· at the time so theoretically I could have 
interviewed personal to capture their expertise. 
However, these chosen individuals were well known 
enough in their field to have had books and later 
Internet articles published about them. This was the 
source of information for these systems. I began 
presenting my work at various conferences for peer 
comments to improve the process. A list of 
organizations where these papers have been 
presented and published is shown as figure 2. 

I realized in 2005 that I had developed a 
collection of experts handled individually that had 
been focused on two areas of expertise -
management and the computer industry. In 2006 I 
focused on combining experts into an intelligence 
based system. I demonstrated in a 2006 paper how 
through the use of an intelligent front-end I could 
build a larger system as an example of adding 
intelligence to expert system technology. That paper 
was presented in 2006 at IEMS paper titled "An 
Intellig~nt Expert System for Those Entering the 
Computer Industry". Figure 3 denotes the changes 
required from' the tradition single expert system 
development components · to a development that 
would add front-end intelligence and the ability to 
combine a group of experts into a single system. 
This would extend the value of this technology from 
providing information from a single expert to a 
knowledge-based system providing appropriate 
advice from an ever-growing number of experts. 

This year, 2009, I looked for newer 
innovative ways of expanding on group expert 
systems with intelligence to explore using such 
systems to introduce new technology and share 
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knowledge of experts brought together by a merger 
of firms formerly competitive. 

FIGURE 1: COMPONENTS OF AN EXPERT 
SYSTEM 

Dialog Screen - Determine Natured Problem 
Kncmledge Base-A collection of "If ... Then" 

statements From Experts 
I nference Engine- Software to search kncmleclge 

base 
Presentatioo - Determine hem to display advice 

to !¥stem user 

FIGURE 2: CONFERENCES WHERE EXPERT 
SYSTEM PAPERS WERE PRESENTED 

ASEl>Ciatioo d Management, Decisioo Science 
Institute 

Industry, Engineering, and Management Systems 
I nfamatioo Res:,urce Management ASEl>Ciatioo 

FIGURE 3: COMPONENTS OF AN INTELLIGENT
BASED EXPERT SYSTEM 

Dialog Screen - Determine the Natured Advice 
Being Sou~ 

Kncmledge Base- d multiple experts in a 
focused field d expertise 

Inference Engine- M edified to select ooly those 
ecperts appropriate 

Presentatioo - modified to priaitize 

Specific Development d This.Paper 

As of March 1, 2009, the merger no longer 
seems likely but for purposes of this paper, we can 
continue to speculate on what would have happened 
next in terms of an intelligent expert system if they 
merger were successful. Figure 4 is a list of 
founders and current officers of the merging 
companies which would have to agree to subject 
their experts in a probable joint venture to build a 
knowledge base of their individual search engine 
experts. Figure 5 is a sample list of questions which 
might be asked to capture the expertise of the search 
engine developers from each of the merged 
companies. 



FIGURE 4: UST OF INDIVIDUAL EXPERT 
SYSTEMS INCORPORATED IN TH IS SYSTEM 

Jerry Yang and David Filo, co-fa.mders.of 
YAHOO (2000) 

Larry Page and Sergery Brin, co-fa.mdersof 
GOOGLE (2003) 

Intelligence would further question the non
expert user as for the detai I need to al low the 
intelligence to select the best from the knowledge
base regardless of weather it came from a former 
yahoo designer or a Google designer. The syste.m 
users would be presented with best combined advice 
to meet their specific need. 

FIGURE 5: LIST OF QUESTIONS TO BUILD 
COM Bl NED KNOWLEDGE-BASE 

1. If speed were the most impatant feature 
of the search engine, then I asa yahoo 
designer would use the .... Algorithm. 

2. If speed were the most impatant feature 
of the search engine, then I asa ~ 
designer would use the .... Algorithm. 

3. If breadth of S:Brch were the most 
important featured theS:Brch engine, 
then I asayahoodesgner woold usethe 
.... Algorithm for indexing. 

4. If breedth of S:Brch were the most 
important featureof theS:Brch engine, 
then I asa~desgner woold usethe 
.... Algorithm for indexing. · 

Coodusioo 

This paper describes the conceptual 
development of an intelligent..:...based expert system 
applied to capture the knowledge of search engine 
designers · from two · companies which were 
considering merging their talent. It provides a 
learning tool for use in a course on expert systems 
12. onal Labor Office. 
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so that students -in that course can select some other 
group experts in a narrow domain of interest and 
experience the development a 2009 version of a 
group expert system technology with intelligence 
added. 
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Diabetes is a disease in which ·the body does 

not produce or properly use insulin. Insulin is a 

hormone that is needed to convert sugar, 

starches and other food into energy used by the 

human body for daily life. The cause of diabetes 

continues to be a mystery, although both 

genetics and environmental factors ( obesity, 

over intake food with high sugar content level 

and lack of exercise) appear to play a role. 

Eventually, diabetes causes _laxity of the tendons 

and ligaments of weight bearing joints, 

especially the joints of the foot. Laxity in the 

feet of diabetic patients can cause collapsing of 

the longitudinal arch of the foot (flat foot) and 

increasing of the intermetatarsal angle ( angle 

that forms between · the first and the second 

metatarsals) to develop bunions. The objective 

of this study is to investigate the effects of 

diabetes (years of diabetes) on intermetatarsal 

angles. The results · showed the maximum 

increase in the metatarsal angle · in group 4: 

patients· wh~ have diabetes more than 15 years. 

1. I ntroductia, 

There are 23.6 million people in the United 

States, this equates to 7 .8% of the population, of 

which an estimated 17.9 million have been 

diagnosed with diabetes, and 5.7 million people 

are unaware that they have the disease. Based on 

the classification of American Diabetic 

Association, a person with the blood glucose 

level between 100 and 125 mg/di in the Fasting 

Plasma Glucose (FPG) test is considered a pre-
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diabetes. A person with a fasting blood glucose 

level of 126 mg/di or higher has diabetes. In the 

Oral Glucose Tolerance Test (OGTT), a person's 

blood glucose level is measured after a fast and 

two hours after drinking a glucose-rich 

beverage. If the two-hour blood glucose level is 

between 140 and 199 mg/di, the person tested 

has pre-diabetes. If the two-hour blood glucose 

level is at 200 mg/di or higher, the person tested 

has diabetes. There are four main types of 

diabetes; pre-diabetes is a condition that occurs 

when a person's blood glucose levels are higher 

than normal but not high enough for a diagnosis 

of type II diabetes. There are 57 million 

Americans who have pre-diabetes, in addition to 

the 23 .6 million with diabetes. 

2. Literature review 

Type I diabetes results from the body's 

failure to produce insulin, the hormone that 

"unlocks" the cells of the body, allowing glucose 

to enter and fuel them. It is estimated that 5-10% 

of Americans who are diagnosed with diabetes 

have type I diabetes. Type II results from insulin 

resistance (a condition in which the body fails to 

properly use insulin), combined . with relative 

insulin deficiency. Most Americans who are 

diagnosed with diabetes have type II. 

Gestational diabetic develops immediately after 

pregnancy, 5% to 10% of wome~ with 

gestational diabetes are found to have diabetes, 

usually, type II. Ligaments and tendons of the 

foot that are the major anatomical structures 

controlling the mechanical structure and 

function of the pedal (foot) joints are shown in 



Figures 1 and 2 [1]. The three main foot types 

are shown in Figure 3. 

High arch foot has a very high longitudinal 

arch. .It can be 'flexible or rigid. This type of 

foot rolls _outward so much and functions as an . 

ineffective shock absorber. The normal arch 

foot has a medium longitudinal arch, where the 

foot lands on the lateral (outside) aspect of the 

foot and then rolls slightly inward to absorb 

shock. Flat foot has no or negative longitudinal 

arch, it is flexible, rolls inward too much and 

ineffective shock absorber. 

Calcan..al 
(Achi .. •) 
••ndon 
(cut) 

Ant•rio1 
tibiof1bul.iu 
lig__,. 

Posterior talofibular ligament ( a component 
of<hel,.trilcol,.erillig""'°') 

Ant..-iof tak>fibuiM ,g.,,...nt (a comporwot 
of tht lat•ril eoll«HII lig.am.nt) 

lnterosseous tak:>calcaneal Hg.ament 
Oo,sil t~onaYM:ul« lig.amfflt 

C.MC.aneonaYicular ligamm (pan ol blfurcat• lig.am•nt) 
Ca~;,n•ocuboid ligirlliflt (pMt of bifurcat• ligament) 

Oors il ctroidtonwictUrligMnH'lt · 

Figure 1. Lateral view of the foot showing the 
ligaments and tendons crossing over the 

joints [2] · 

Figure 2. Medial view of the foot showing the 
ligaments and tendons crossing over the 

joints [2] 
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high arch 

normal to low arch 

flat foot 

Figure 3. ~he three major types of the foot 
High arch (cavus foot), normal arch, and 

collapsing arch (flat foot) [3] 

Figure 4 shows a typical flatfoot caused by 

diabetic effects (laxity of _ ligaments and 
tendons). 

Figure 4: Diabetic flatfoot [4] 

Bones of the human foot include the talus, 

calcaneus, tarsals, metatarsals, and phalanges. 

Figure 5 is an example . of the human foot 



skeleton; there · are 26 bones and 28 joints in the 

foot. The foot is the most mechanically complex 

structure of the human musculoskeletal system. 

Bones of foot 

Cuboid 

Figure 5. Skeleton of the human foot [5] 

To investigate hallux valgus (bunion) which 
is the deviation of the first and second metatarsal 
bones, the physician measures the angle between 
the first and second · metatarsal in a load-bearing 

proximal to distal x-ray (Figure 6). If the angle 
is greater than 12 degrees; the physician will 
classify the patient as hallux valgus, although a 

few clinicians will classify critical at 15 degrees 
[6, 7].. If the angle is less than 12 degrees the 

. physician witI not recommend surgery. Normal 
is classified as any angle below 9 degrees [7]. 

Figure 6. Angle between the first and second 
metatarsal (lntermetatarsal or IM angle) 
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In the cases of hallux deformity, the 
metatarsal angle greater than 12 degrees is an 
indication of rotation of the hallux. This 

deformity is largely attributed to the generation 
of bunions which may lead to inability. to wear · 
shoes or ulceration in other parts of the foot. 
Diabetic patients who have developed 

. neuropathy, or loss of sensation of the distal 
appendages, have a tendency to improperly wear 
footwear such that the abnormal fit causes 
unnecessary friction with the sole of the foot, 
leading to ulcers. For diabetic patients, 
ulceration is especially detrimental because of 
their neuropathy [8]. Without feeling the pain 
associated with ulceration, the limb can become 
infected. If allowed to go untreated, the diabetic 

patient may require emergency amputation 
surgery to avoid death. 

199 

3. Materialsand methods 

Area Angle Prcvam (AAP) method: 
To reduce the time of angle measurements, a 

Graphical User Interface (GUI) AAP was 

written to calculate the angle between two 
selected regions of an x-ray image. Image 
processing in the area angle program has the 
following steps: 

Step 1: Select at least two regions for area 

calculations. 
The program begins by creating bounds for 

finite sums. This step is displayed in Figures 7 

and 8. 

Figure 7. Example of region selecUng 

Step 2: Highlight regions of interest 
based upon threshold brightness. 



Step 3: Reset or accept the measurement 
of the IM angle. 

Step 4: Export the data (IM angles) for 
analyzing the deviation. 

Fro~ experience, pixel brightness fo~ 
high density tissue is 180 for red, blue, and 
green color scale. An example of high-

. lighting and bisecting the area is shown in 
Figure 8. The angle between two lines 1s . 
calculated (Figure 9). 

Figure 8. Pixel highlighting for selected 
regions 

Figure 9. Bisecting the two highlighting area 
based upon the threshold brightness 

To determine whether there - is significant 
variance between metatarsal angles based upon 
year with diabetes, the patients were separated 
into four categories. Group 1, patients have 
diabetes up to five years; group 2, patients have 
diabetes from six to ten years; group 3, patients 
have diabetes from eleven to fifteen years; and 
group 4, patients have diabetes more than fifteen 
years. 

About 160 diabetic patients' anterior
posterior (AP) x-rays were randomly selected 
from Ankle Foot Care & Vein Clinic in K·endal 
Florida for analyzing the data. There are about 
40 x-rays per group. 

Abnormal development of the intermetatarsal 

angl.es can be determined using the IM 
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classification. Normal IM angle is from 8-12°; 

IM angle for moderate deformity is from 13-26°, 

and severe deformity __ is greater than 27° [9]. The 

deviation of metatarsals in diabetes (abnormal 

IM angle, or bunion) is shown in Figure 10. 

Hallux valgus is a condition where· the great toe 

moves .toward the lesser toes, while at the same 

time the first metatarsal protrudes toward the 

~nside of the foot. Bunion surgery is utilized for 

correction of hallux valgus. 

A 

B 
Figure 10. A- Moderate IM deformity, 

B - Severe IM deformity (1 O] 



The head and shaft procedures of bunion 
correction are shown in Figure 11. For the head 
procedure the surgeon often removes the 
protruding bone on the medial side of the 
metatarsal bone (line 3 in Figure 11 A). Lines 1 
and 2 (Figure 11 A) are the surgical cuts of the 
shaft procedure that removes a wedge of 
metatarsal bone to reduce the IM angle. The 
base procedure of surgical correction for bunion 
(abnormal IM angle) is shown in Figure 12. This 
procedure is similar to the shaft procedure where 
the wedge of bone is removed at the base of the 
foot metatarsal bone. 

A B 
Figure 11. Head and shaft procedure 

A - Preoperative bunion surgery 
B - Postoperative bunion surgery 
Lines 1, 2, and 3 are the cuts to 

correct the bunion deformity 

A B 
Figure 12. Base procedure 

A - Preoperative bunion surgery 
B - Postoperative. bunion surgery 

Line 4 and 5 are the cuts to correct the 
bunion deformity at the base of the first 

metatarsal 
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4. Res..altsand dis:usEioos 

Table 1 shows 32 measured angles from 
random selection of the 160 anterior to posterior 
forefoot diabetic X-rays. Table 2 is the summary 
of the results that explains the methods of · 
treatments based on the abnormalities of the 
average IM angles in each diabetic group. 

T bl 1 S f a e . amp es o the IM anales 
Image Angle in degrees Group 

25 8 1 
26 7 1 
27 9.2 1 
28 8.7 1 
29 10.05 1 
30 12.5 1 
31 9.1 1 
32 6.5 1 
50 11.9 2 
51 9.9 2 
52 10.7 2 
53 11 2 
54 12 2 
55 13 2 
56 12.9 2 
57 13.2 2 
130 13.9 3 
131 18.2 3 
132 19.2 3 
133 14.9 3 
134 19.3 3 
135 12.9 3 
136 18.6 3 
137 16.1 3 
150 25.7 4 
151 26.3 4 
152 28.5 4 
153 23.9 4 
154 28.9 4 
155 32.1 4 
156 29.3 4 
157 28.2 4 



Table 2. Average angles measured of the 
four groups from measurement 

Group Average Angle Surgical 

Treatment 

I 9.58 None 

2 12.69 None 

3 17.35 Head and shaft 

procedure 

4 28.89 Base procedure 

The Area Angle Program (AAP) method was 

designed based on the identification of the bone 

density of metatarsals and bisecting the area. 

Physicians do not have to use hand 

measurements that may create errors and 

possibly apply a wrong surgical method. The 

authors have used this method in this study to 

determine the average angle of deviation in four 

diabetic groups who have been suffering from . 
diabetes du.ring different numbers of years. 

In the future study, it is necessary to involve 

more patients (X-rays) and use two or more 

measurement methods to verify the results. Also, 

investigating the effects of age, gender, weight, 

and ethnicity could give better insight into angle 

variation between patients: In . the area angle 

program, _having non-rectangular bounds would 

benefit the user by allowing abnormal areas to 

. be measured more easily. However, this res.earch 

has shown patients that suffer fr9m diabetes in 

longer term will develop more deviation in 

metatarsal angle (increase in IM angle). 

5. Coodusioos 

This study has shown minimal hallux valgus 

(bunion) deformities starting in group 2 (6-10 

years of diabetes) which requires no treatment; 

moderate deformities of the hallux valgus 

starting in group 3 ( 1 1-15 years of diabetes), this 

group of diabetic patients are candidates for 

head and/or shaft procedures if they are 

suffering from pain or having tendency to 

develop ulcers; and moderate to severe 

deformities of the hallux valgus starts in group 4 
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(> 15 years of diabetes); patients from this group 

have · no option other than base procedure 

surgical treatment. 1,he Area Angle Program 

method proposed and used in this study is very 

helpful· to hand, foot and ankle surgeons to make 

their decisions prior to the surgeries: 
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This paper discusses the functionality of 
the Mission Planning · and Mission 
Monitoring (MPMM) application prototype. 
It presents how the application is used to 
assist scientists and pilots in planning ocean 
sampling and survey missions for underwater 
gliders and unmanned underwater vehicles 
(UUV)'s. This paper includes explanations 
of how commercially available geospatial 
analysis development software was used to 
create crucial decision making tools for the 
mission planners. 

1. I ntrodudicn 

Recent advances in sea based technology 
in the areas of UUV' s and underwater gliders 
have made the use of such vehicles much 
more feasible. . As the vehicles shown in 
figure 1 have become more affordable, the 
numbers used in each m1ss1on have 
increased. This . makes planning for and 
observing their use much more challenging. 
Each vehicle make and m(?del is shipped with 
custom software but these applications are 
generally limited to vehicle specific low level 
piloting support and do not include any form 
of environmental analysis capabilities [1]. 
Furthermore, these applications are 
incompatible with each other and present · 
complications when multiple vehicles of 
varying types are being used during the same 
mission. 

The Naval Research Laboratory (NRL) 
Detachment located at Stennis Space Center, 
MS and industry partners Technology 
Systems Inc., the Autonomous Undersea 
Systems Institute and Planning Systems Inc., 
are working jointly to develop the first 

application that can be used to forecast 
environmental affects on water based 
vehicles. . This application will provide a 
pivotal role in the decision making processes 
being developed between scientist and 
mission planners at the Naval Oceanographic 
Office (NA VOCEANO), also located at 
Stennis Space Center. The scientists study 
forecast models and observational data to 
determine the best places to sample data 
using underwater vehicles in order to 
increase the accuracy of oceanographic 
forecast models. Mission planners are then 
tasked with determining the plausibility of 
getting vehicles to the desired locations 
within a given timeframe. This process 
between scientist and mission planner is 
recursive during the course of missions and 
cannot be performed effectively without the 
development of the specialized software 
described in this paper. 

Figure1 
Underwater Glider (tq>) [2] and UUV (3] 

The recent surge in the use of these 
vehicles has increased the piloting experience 
and knowledge base of how they can be 
useful to support scientific study. The next 
section describes the basic needs for mission 

· planning and monitoring and the challeng.es 
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that have been identified by working 
alongside the technical experts. 

2. Baclc~ound 

The basics for m1ss1on planning and . 
monitoring start with the need to represent 
the environment. Knowledge of the 
environment is necessary in order to identify 
obstacles and to determine vehicle 
performance. Some of the data such as 
bathymetry is often acquired from historical 
datasets. Bathymetry is important when 
ensuring the water is deep enough for 
operations. It is ~lso supports simulations so 
that alert~ can be given when the vehicle is 
likely to hit the bottom. Other characteristics 
such as water density and ocean currents 
·come from oceanographic forecast models. 
Water density is necessary because density 
directly correlates to buoyancy which 
vehicles are calibrated for prior to each 
deployment. Ocean current speed and 
direction are necessary when calculating the 
trajectory of a vehicle during simulation. 
The effects of water currents also help 
determine an estimate of vehicle energy · 
consumption and elapsed time for a given 
travel distance. 

In addition to the environment, the 
mobility characteristics of each vehicle type 
have been defined. This is necessary ·in 
order to properly simulate each vehicle's 
behavior as it travels through the water. 
Three basic mobility types have been defined 
for simulation and they are xy for surface 
vehicles, xyz for UUV's, and xyz-yo for 
underwater gliders. The additional ·'yo' 
represents the basic yo-yo, OI saw tooth, 
pattern that gliders follow while traveling 
through the water [4]. In addition to the 
basic mobility type, other numerical 
parameters that define the operational 
characteristics such as how fast they can 
travel, the speed at which they can turn, and 
how fast they ascend and descend are stored 
to support simulation. 

Mission . planning and monitoring for 
underwater vehicles presents several 
challenges. For instance, the environmental 
forecasts are four dimensional and produce 
very large datasets that require additional 
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resources for storage and processing. It is 
difficult to present these large amounts of 
complex information to the user visually in a 
way that supports · efficient decision making. 
It also requires careful study to create 
efficient algorithms to reduce the time 
r.equired for data access and analysis. To 
complicate matters more, this application is 
de.signed to support planning and monitoring 
for multiple vehicles. Each with their own 
planned route, observed route, command set 
and simulation. Furthermore, these vehicles 

. can perform m1ss1ons individually or 
cooperate in groups and often have different 
_cornmand languages and communication 
scheme·s. All of these challenges are being 
addressed in this development effort and the 
next section describes the sy_stem capabilities 
and implementation. 

3. Sysem 

The core functionality of this application 
is geospatial ly based. Therefore, the core of 
this application is · based on Geospatial 
Information System (GIS) development 
software. The Commercial Joint Mapping 
Toolkit (CJMTK) [5] is providing the GIS 
capabilities needed. CJMTK is the DoD 
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Figure 2 - Layout. 

standard for GIS software development and 
consists of Environmental Systems Research 
Institute's (ESRI) [6] suite of development 
applications. The prototype being presented 
has been developed as tools and extensions to 
the ArcMap Desktop application using C++ 



and C#. Once prototype evaluation has been 
completed, these tools and extensions will be 
integrated into a standalone ArcEngine 
application before being deployed to the end 
users. In later development spirals, the 
application will become capable of 
supporting multiple application instances in 
order to support multiple operators working 
with large numbers of vehicles. This will be 
made possible by connecting applications to 
services developed for ESRI's ArcServer 
which w ill act as the geospatial database. 
This database will hold environmental and 
mission specific data that can be accessed by 
multiple users. A key to supporting the 
initial single instance and future multiuser 
access applications is the use of ESRI's 
geodatabase technology. This technology 
aHows for the development of a geodatabase 
schema that can be used to create both stand
alone and remote multiuser databases. This 
flexibil ity allows development to migrate 
relatively seamlessly from single to multiuser 
capabilities. 

The layout of the prototype GU I is shown 
in figure 2. Through the framework of the 
ArcMap application, MPMM provides basic 
functionality and the ability to enhance 
menus and toolbars to include the custom 
capabil ities being developed. The menus and 
toolbars will enable MPMM users to perform 
tasks such as zooming and panning, 
importing data, editing vehicle paths, setting · 
up simulations,· and preparing and printing 
summary results. Also provided by ArcMap 
is a table of contents (TOC) view, observed 
as the li st box on the left side of the 
application window. The TOC provides a 
list of the currently loaded data., To the right 
of the TOC is the map view which shows the 
graphical rendering of each of the datasets 
and allows ~sers to create and modify certain 
types of data. Each dataset is treated as a 
layer in the map display and is drawn one on 
top of the other in the order they appear in 
the TOC from the bottom to the top of the 
list. All of these features combine together to 
provide access to powerful GIS capabilities 
and a means to analyze their results. . The 
next section will discuss how MPMM 
expands this framework to provide 
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environmental analysis tools to support 
planning and monitoring missions. 
4. Enviraiment 

This section describes MPMM's ability to 
import environmental data and provide 
further analysis. These steps in the planning 
process are crucial to the initial layout of a 
mission plan and during the monitoring 
activities of missions. 

MPMM supports the ability to load many 
standard formats of geospatial data due 
mostly to the capabilities provided by 
CJMTK. This example discusses how 
bathymetry ·is imported into the map view 
and then used within a traffic light analysis 
(TLA). Figure 3 shows the map view after 
the user zooms the map in closer to the area 
where the mission is to be planned around an 
island. The user has then created a rectangle 
polygon that represents the area of interest or 
AOI for this mission. The AOI acts as the 

Fi~re 3 - Bathymetry with Traffic Ligrt 
Analysis 

boundary for the m1ss1on and for any data 
that will be loaded in support of mission 
analysis. This is done to reduce the amount 
of data stored for each mission and to reduce 
the data processed by each analysis 
performed. Figure 3 also shows the results of 
the user loading a subset of bathymetry raster 
data visible as the shading in the lower and 
right areas of the AOL This subset was 
extracted from a dataset that covers the entire 
globe. This dataset was preprocessed by 



application developers and stored in a 
geodatabase for convenient access. Once the 
bathymetry for the area is loaded, the user is 
able to perform a TLA that highlights all of 
the areas that are 1200 meters or shallower · 
using custom user defined parameters. The 
TLA is performed through the use of ESRI 
.functions · that first identify all of the raster 
cells that meet the criterion and then generate 
enclosing polygons which further compresses 
the analysis results. The bathymetry TLA 
area results are visible in figure 3 as 
polygons around the main island arid smaller 
islands to the east. Now that sufficient 
knowledge of the bathymetry for the area has 
been provided, considerations for the ocean 
current forecast are addressed. 

Figure 4 - Currents with Bathymetric and 
Current M ag,itude Traffic Li~ Analyss 

Current forecast data brings the need for 
special considerations. The output from the 
forecast model consists of u and ·v vector 
values for each data point in ~ 4 dimensional 
dataset. This dataset is provided in netCDF 
[7] format which currently has limited 
support in the ESRI toolset. Ocean current 
data is accessed by two major components of 
MPMM. One of these components is the 
simulation, discussed in section 6, which 
accesses data values directly from the 
netCDF file. The other component is the 
map display where the user can study visual 
representations of current magnitude and 
direction which have to first be calculated 
from the u and v vectors and then loaded into 
data structures that ESRI can display more 
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efficiently. Figure 4 shows the results of 
processing and displaying the currents for the 
AOL Note that the user has also zoomed in 
on the lower middle section of the AOI 
shown in figure 3 and that the shore I ine of 
the main island is visible in the upper left 
corner along with-- the solid polygons for the 
bathymetty TLA results. Figure 4 shows the 
current magnitude displayed as a, raster layer 
similar to the bathymetry but using a 
different color mapping for the related 
values. Since th·e current forecast is 4 
dimensional, the user has chosen to load a 
particular depth and time for the given AOL 
Furthermore, the user has performed a TLA 
on the current data to identify areas where the 
current speed is greater than one knot. This 
TLA was performed in the same manner as 
for bathymetry and can ultimately be 
performed on any raster dataset. The results 
are shown in the figure as polygons with a 
cross-hatched pattern. 

These steps help the mission planner have 
a better understanding or the operational 
environment. The next section discusses 
creating a plan and generating command 
scripts for the vehicle. 

5. Planning 

Now that preliminary analysis of the 
environment has been performed, more is 
known about the potential dangers in the area 
for a proposed mission. The mission planner 
can now use tools developed for MPMM to 
edit the desired path while avoiding potential 
pitfa11s. Figure 5 shows a basic route that has 
been edited while avoiding the troublesome 
bathymetry and ocean current areas nearby. 
The planned route consists of a deployment 
point,. noted with a 'D' in the circle, a couple 
of intermediate way - points and finaHy a 
recovery point. These way points can be · 
created and edited using the mouse or by 
manually entering the data into custom GUI 
panels. These panels allow entering other 

. related attribute data also such as the desired 
depth and additional commands to be 
executed by the vehicle at that location. 
Once the route · design is complete, the 
mission planner can generate a text file that 



contains the commands that will be used for 
both the simulation, discussed in the next 
section, and ultimately by the vehicle to 
perform its actions. In order to solve the 

Figure 5 - Planned Route 

problem of working with multiple vehicles, 
the MPMM has adopted the use of a 
Comrrion Control Language (CCL) [8]. The 
CCL has been developed and tested on 
multiple vehicles to provide a generic 
language that helps coordinate the efforts of 
vehicles of different types. Figure 6 shows 
the CCL output. This output is provided in a 
dialog to allow manual editing so that 
commands to perform additional tasks such 
as turning on or off particular sensors at a 
given location can be added. Once the 

-~ Preview Written Text File ~~~ 

REQUE ST QUEUE GOTO 22.427995121.411278 200.00 100.00 
REQUEST QUEUE GOTO 22.421977121.618883200.00100.00 
REQUEST QUEUE GOTO 22.220390 121 .6730400.00100.00 

YE~ . r __ »_o __ 

Fi~re 6-:- Canmm Cootrol Language 

command file is complete, it is saved to a 
text file. The next section discusses how the 
CCL file is used by the simulation to 
calculate an estimate of the vehicles path. 

6. Simulatia, 

Once the environment has been analyzed 
and an initial route planned, the final 
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consideration is to estimate how the vehicle 
will perform in the environment. This is 
accomplished by running a simulation that 
uses the CCL file discussed in the previous 
section and the latest ocean current forecast. 
During simulation, the ocean forecast is 
accessed directly from the netCDF file using 
publicly available software libraries instead 
of the preprocessed magnitude and direction 
used for display. This is done because the u 
and v vector values provide the most efficient 
calculations and netCDF provides the fastest 
access to these large sets of four dimensional 
data. The simulation process starts by 
reading in the commands from the CCL file. 
Progress to each waypoint is then calculated 
for each time step by first extracting the 
ocean current values from the netCDF file 
that correlate to the vehicles current position. 

Figure 7 - Graphic R~lts 

These values are then applied using the 
mobility characteristics, heading and speed to 
determine the vehicle's position at the end of 
the time step. This new position is then 
evaluated to see if the vehicle has reached the 
next waypoint. As each waypoint is 
achieved, the simulation continues to the next 
waypoint. This process continues until the 
vehicle reaches the end of the route or until it 
runs out of data in the ocean forecast. 
Specialized algorithms are included that 
properly handle the fact that underwat~r 
vehicles don't have knowledge of their 
location unless they are at or near the surface. 
This means that once a vehicle dives below 
the surface they loose GPS communication 
and are dead reckoning. The results of the 



simulation and the affects of dead reckoning 
are shown in figure 7. In these results, the 
vehicle was commanded to dive to a 200 
meter depth for the two intermediate 
waypoints and then come back to the surface 
for the final or recovery point. The results 
show that the vehicle was turning when it 
'thought' it was at a waypoint and due to 
navigational error was off somewhat for two 
of the waypoints. Also notable in the results 
shown in figure 7 is the indication that 
although a 'safe' plan was created, once the 
simulation was run the vehicle · actually 
ventured into areas that were marked as 
undesirable for · operations. This would 
indicate that the mission planner might want 
to redesign the plan and then re-run . the 
simulation to double check the results. 

Total Number of Result Records: 25 
Start Time: 9/27/200712:59:44 AM 
End Time: 9/28/2007 12:59:44 AM 
Time Span: 1.00:00:00 
Vehicle Beginning E~rgy;fW-Hrs) 1500.0000 
Vehicle Remaining Ene,rgy:(VV-Hrs) 1487.9900 
Vehicle Total Energy lJ~d:.('W-Hrs) 12.0100 

Fi5J.1re 8 - Metrics Report 

In addition to the graphical output shown 
in figure 7, a snippet of the text report is 
shown in figure 8. This report lists all of the 
details of the mission including how long the 
mission took, how much energy was used 
and how much energy is· remaining. Like the 
CCL file, this report can be edited to include 
additional notes and can be saved to a text 
file for later use. 

7. Summary 

In summary, the CJMTK accelerated 
development through the use of the ArcMap 
framework and the extensive built in GIS 
capabilities. The prototype effort helped 
prove the end to end functionality of mission 
planning, brought focus to additional 
challenges and helped identify the core data 
necessary to support mission planning. 

8. FutureWa-k 
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Future plans include definition of the 
alpha version of MPMM. This version will 
include . enhancements to the already 
available functionality, inclusion of 
monitoring capabilities, and the development 
of a data centric IDEFI X [9] model to define 

. a core geodatabase "schema as discussed m 
section 3. · 
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Abstract 

A usability study was conducted to 
identify general usability weaknesses and 
recommendations for the improvement of the 
freeware version of Google Earth. The study 
performed testing on six participants between 
the ages of 18 and 40, recruited from the 
university campus. Each participant was 
given general instructions and a pre-survey to 
determine their demographics and level of 
experience with Google Earth software. The 
usability study tested participants on the task 
of findings the directions, businesses, and 
addresses. The participant during testing was 
under observation of the experimenter that 
maintained an observation log. A post survey 
and debriefing session_ was conducted to 
gather additional feedback. The average 
testing time for participants was 20 minutes. 

1. I ntrodudioo 

In today's society the technologies are of · 
most importance to humans. With 
technologies' help, the lives for humans are 
very convenient. Google developed a 
program called Google Earth. When Google 
released Google Earth the media attention 
caused interest in digitized ·maps and virtual 
environments to accelerate to a level it has 
never achieved before with the public. [ 1]. 
Therefore, a usability study was performed to 
identify the usability strengths, weaknesses 
and recommendations for improvement of 
Google Earth. The study performed testing 
on six participants between the ages of 18 
and 40, recruited from the university campus. 
Each participant was given general 
instructions and a pre-survey to determine 
their demographics and level of experience 
with Google Earth software. The usability 

study tested participants on the task of 
findings the directions, businesses, and 
addresses. The participant during testing was 
under observation of the experimenter that 
maintained an observation log. A post survey 
and debriefing session was conducted to 
gather additional feedback. The average 
testing time for participants was 20 minutes. 

2. Literature Review 

2.1 Proper Usability 

It has been acknowledged that product 
usability is critical when it comes to product 
quality [2]. People have certain expectations 
when it comes to product usability. These 
expe'ctations cover certain needs that people 
have when they are choosing a product. 
When these needs are not met people might 
consider a competitor instead of them. 
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When considering proper usability, 
planning is essential [3]. However, the 
different aspects and steps involved need to 
be examined carefully. When planning, take 
into consideration the tests' objective. The 
objective will play a large role on how the 
test is given, who it is given to, what methods 
are used, and how it will be presented at the 
end of the study. The participants will have a 
somewhat large influence on how the test is 
made and distributed. For example, the larger 
the sample the more resources and time will 
be needed for the study. Testing the 
recommended sample size of the study 
should suffice. Once the objectives, layout, 
and methods have been determined it is very 
important to run a pilot test to work out any 
issues that may arise. Pilot tests cannot be 
done with only a few participants. However, 
the number of participants to use in a pilot 
test is determined by the size of the desired 



sample and a reasonable amount time to 
distribute the tests to them. 

Before the test session is started the 
selected part1c1pants need to be fully 
informed by the examiner of what is to b~ 
expected. The examiner needs to make sure 
the participant is aware of the goals of the 
test, what specifically is to .be tested, and 
how the session will progress. When dealing 
with transcribing and analysis, enough time 
must be set aside for both because the 
amount of time needed to do . both tasks is 
time consuming. Once the transcription is 
complete an analysis is required to determine 
conclusions and possible recommendations 
about the product from· all participants. 
Depending on the type of study given the 
findings will vary. 

Another important step in proper 
usability is training [4]. To perform usability 
practices correctly training is essential to 
avoiding misinterpretation of data or that a 
study is carried out properly. Creating a 
training program can be very helpful for any 
company or organization. An important 
aspect is that once the training has been 
implemented it must continue to be a part of 
any other usability testing in the future 
otherwise, plans can fail due to lack of 
continuous training. With the knowledge that 
training is a necessity for any usability · test 
funding will also be a major requirement to 
support any project and its lifetime. It is 
crucial for designers of products to have 
usabi-lity training so they can meet the needs 
of the users. 

Sometimes, no matter how good or bad a 
product may be, its popularity will outweigh 
the usability issues the product may have [5]. 
Programs such as Napster were extremely 
popular at the time and it is a good example 
of popularity outweighing usability. At the 
time Napster had 5 different screens to view 
different areas. A .better layout would have 
been to have tabs for each screen. Even 
though Napster had some usability flaws its 
extreme popularity overrode any usability 
issues. This phenomenon can happen to 
almost any software users deem worth their 
time even though it may not be the best in 
terms of usability. 
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2.2 Navigatioo 

In the area of navigation the subject of 
mobile and non-mobile technologies (such as 
Google Earth) are discussed [6]. In the past, 

. digital devices such as mobile phones were 
· bulky and difficult to use. Now and in the 
future digital devices and other related 
products will become more affordable and 
easier to use for almost anyone. In regards to 
navigation, users have important 
requirements such as • an easy to use layout, 

· quick search ability, and ease of pinpointing 
their l9cation on the screen. Users will most 
likely enjoy a system where they can easily 
combine their · surroundings to their 
navigation system to make navigation more 
efficient [ 1 O]. 

A key part of navigation is the format 
that maps are made in order to help the user 
navigate [6]. With the advancement of 
electronic devices they now are more easily 
manipulated for almost al)y use [7]. For 
navigation purposes the screen can be 
changed or modified for any purpose [6]. 
With older technology such as paper maps 
you could not alter anything. Depending on 
the format of the map, such as a folded map, 
it may be difficult to utilize in many 
situations. Paper maps are limited because of 
their dimension. A digital map can be viewed 
from almost any angle making it ideal for 
navigation. Google Earth does a great 
example of this because its maps · are 
completely digitized and offer 3-0 images on 
top of the _flat satellite maps that wrap around 
a sphere [8]. Google has become well known 
for its searching power on the internet. 
Combining that power with s·atellite images 
and .maps created the well know Google 
Earth. Its popularity has grown exponentially 
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since it was first introduced in mid 2005. · 
Every product has their positives . and 

negatives and Google Earth is no exception 
[9]. There are a lot of positives from the 
software. One includes it being a free 
download and never having it expire; There 
are areas of the digitized planet that are in 
extreme detail which can be viewed up close 
or very far away; Optional layers can be 



enabled to give the earth a better look and 
feel ; Google Earth is constantly being 
updated with new things; Users have the 
ability to upload their own content to Google 
Earth for free. There are also a few 
downsides to Google Earth. With all of the 
content Google Earth comes with it requires 
a very fast internet connection; If a user turns 
on a lot of the optional layers their view can 
get skewed and therefore hard to see; The left 
panel has a lot of options and can sometimes 
be awkward to use; Some user data given on 
the map can be incorrect or not be of any use 
to others; With all the details given on the 
globe some areas are not as highly detailed as 
others. 

3. Methodology 

A usability study was conducted because 
of the growing interest and utilization of 
Google Earth and the need for more literature 
addressing the usability aspects of this 
navigation tool for general public use. 
Therefore, participants were given 
instructions and then timed on how long each 
step took enabling researchers to gain a better 
understanding of the usability strengths and 
weaknesses leading to potential 
recommendations for the software. The 
usabil ity study consisted of six steps from 
start to completion of the study. 

The first step of the usability study was 
to determine the tasks of the study which 
consisted of the researchers searching 

· through the Google Earth program and 
identifying different tasks. The task consisted 
of participants following instructions one at a 
time in order for researchers . to time the 
individual participants on each task. 

The seqmd step was to obtain permission 
from the Institutional Review Board at the 
university to allow the researchers to conduct 
tests human participants. 

The third step was to create the 
documents that were to be used in the testing. 
This includes the pre-test survey whi<;h 
consisted of asking the participants to give 
information about their previous use or 
knowledge of Google Earth, if they have ever 
downloaded any upgrades or add-ons, if they 
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have had any experience with navigational 
software and hardware, if they were 
technically inclined, and other basic 
demographic questions. The part1c1pant 
written instructions contained the specific 
instructions to be followed in the testing. For 
example, participants were asked to use the 
different features of the software. Some of 
these features included using the search 
mechanism, identification tools, and the 
Google Sky feature. If there were any likes or 
dislikes of the features, they would have been 
recorded by the researcher as comments 
during the time the participant was taking the 
test. The informed consent form is the form 
that the experimenter and the subject agree to 
sign. This form explains to the participant 
that they can withdrawal from the study at 
anytime because the study is completely 
voluntary. The experimenter form contains an 
area for the time each task took and any extra 
comments the participant made during the 
test. The post-test survey contained a list of 
questions for the participant once they had 
completed the usability test. It asked the 
participants if they would like to see any 
extra media, change anything, or add any 
features that were not already included in 
Google Earth. 
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The fourth step consisted of searching for 
participants. This was done through word of 
mouth and each researcher asked two 
different participants to be involved in this 
test. The participants were students from 
campus and the study was known to them to 
be strictly voluntary. 

The fifth step involved how the test 
would be conducted. The test was carried out 
in a room where the participant would have a 
computer and the software installed on a 
computer. The six participants were all in a 
similar setting but in different rooms 
depending on where the researcher lived. For 
confidentiality, there were not any · identifiers 
collected. 

The sixth step consisted of how the data 
analysis would be performed. The data was 
received through the experimenter form, pre
survey, and post-survey. All of these 
documents enabled the researchers to identify 
usability improvements for Google Earth. 



The pre-survey gave researchers the 
information they needed to show any 
correlation or trends based on the participants 
responses. 

4. Res.1lts 

The results in the usa~ility testing 
indicated many different preferences for uses 
of the Google Earth software. There were 
participants who gave suggestions and 
recommendations for improving the 
software. Information was also collected 
regarding what students would like to have 
changed in the usability aspects of the 
software·. The results are three different 
sections consisting of the pre-survey, written 
instructions, and the post-survey. A total of. 
six participants, all male, were included in 
the study. Of the six who participated five 
were undergraduate students and one is a 
faculty member. 

4.1 Pre-&Jrvey 

The pre survey was designed to give 
background information about the user such 
as their familiarity with operating the 
software and their demographic information. 
This information is useful for the tester in 
classifying each case: With the data · we 
found 100% of the users have heard of 
Google Earth but many have not had a 
chance to experience the software or rarely 
use it. Of the users familiar with the 
software none were interested m 
downloading new media or purchasing 
upgrades as they were quite c,ontent with the 
freeware version. Perhaps if the upgraded 
were a bit cheaper then more users would be 
interested in purchasing the upgrades. · 85% 
of the users have some sort of experience 
with GPS or Navigation of some sort. 33% 
also own GPS receivers. 66% of the users 
have used Google Earth at some point to help 
give them directions. All the users are 
technically inclin~d and 85% have used some 
sort of software other than Google Earth to 
get directions. Most of the users . were 
between 18-20 and 21-40 age ranges. 
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4.2 Usability Testing 

Each participant was asked to use Google 
Earth to locate - directions, locations, and 
addresses. The participants were then asked 
to fill out a questionnaire after they finished 

. the task. The questi0'nnaire asked participants 
for any recommendations for improvement 
on Google Earth such as search locations, 
directions, and addresses. The Googt'e Earth 
usabil-ity · testing results will identify the 
weaknesses and recommendations. 
Therefore, the result will serve as guidelines 

· to the designers when they develop or update 
the s9ftware. The comments regarding 
strengths were use of search bar was easy to 
use to identify the locations, directions, and 
addresses. The functions of search bar were 
easy to understand. It only took a short time 
to identify them. The comments regarding 
the weaknesses were use of ruler program 
and place mark were difficult to use. The 
functions of ruler program and place mark 
were not familiar to the pafticipants; and it 
was a little difficult to understand. It took 
participants a longer time to finish the tasks. 
The comments regarding · the 
recommendations for improvement were 
provided in the basic instruction for the new 
users, and provided some intermediate 
lessons for the current users. 

4.3 Post-&Jrvey 

The post survey asked students to give 
· comments on what they would like to see or 

change in Google Earth. When it came to 
suggestions on how to make the software 
friendlier to users the participants suggested 
a few items: have some pop-u·p windows be 
used ~s menu bars, adjust zoom buttons to 
not stick or zoom in to far at once, have pop
up balloons describing some of the compass · 
features, lower the price of the version of the 
software that can be purchased, provide a 
menu of common tasks and allow the user to 
choose what he/she would like to do, and 
provide basic instruction for the users. When 
asked about adding any other media, a few 
suggested adding some video and audio, add 
video and audio for landmarks and other 
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important points around the world; also add 
audio help files or audio readouts of the 
names of places, add audio in general, adding 
video to allow the user to view locations 
more in-depth than pictures; educational 
videos could be provided to learn more about 
the area, and add more realistic pictures. 
Finally, when asked about adding or 
changing anything in general, a few 
participants suggested that Google Earth 
make it similar to zillow.com that allows 
users to read house addresses and have better 
quality pictures - less square looking pixels. 

5. Condusa, 

The main goal of this study was to 
identify the general usability strengths and 
weaknesses of the free version of the 
software Google Earth. The test revealed 
many pros and cons. The feedbacks on 
weaknesses and recommendations for 
improvement will serve as guideline for the 
Google Earth Software designers when they 
update Google Earth Software for current 
users or future users. The results of this study 
will no doubt be of value to developers of 
this software. There will be other · future 
research in the area of navigational software. 
The next step of the research will be to 
determine which specific area of Google 
Earth requires the largest change in usability 
for the average consumer. 
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Absrad 

This article describes the design and 
simulation of an automatic sorting station in 
which the sensing and control of the process is 
accomplished through ladder logic 
programming; however, the sorting task is 
achieved by a mechanical process. The sys·tem 
sorts several sizes of packaged products and · 
automatically diverts them to separate storage 
bins based upon their attributes. Manufacturers 
that presently produce both consumer and 
industrial products with varied characteristics 
are challenged with several issues. For instance, 
many expensive machines are required to 
transport and sort different-sized/weighted_ 
packages on separate conveyor belts, or on a 
single conveyor belt to be sorted by costly and 
time-consuming human interaction. Also, these 
machines require excessive factory floor space 
due to a linear layout, as most cannot be stacked 
because of weight and safety concerns. The 
proposed system not only eliminates the need for 
multiple space-occupying 111achines and/or 
human intervention to convey and sort packages, 
but also maintains package quality, and 
therefore, may be more efficient and cost-

. · effective. 

1. I ntrcdudioo 

In its earliest form, manufacturing used to be 
accomplished by a single skilled artisan and 
perhaps, several assistants. The beginnings of 
modern industrial manufacturing followed the 
Industrial Revolution. Manufacturing today is a 
wealth-producing part of the global economy 
with the assistance of emerging technologies. 

214 

Due to an expansion in the manufacturing 
and in.dustrial sector across the globe, companies 
are under pressure to increase production and 

.maintain product quality while cutting costs. 
However, companies are not always successful 

· and usually end up outsourcing their production 
to foreign countries with weaker economies and 
lower standards of living, and where labor is 
cheap. Nevertheless, there are many companies 
finding solutions to meet their needs [ 1, 2]. 

One such company, Key Technology~ 
designs and manufactures process automation 
systems and integrated electro-optical inspection 
and sorting systems. This company redesigned 
the AV Sealer for p~ckaging fresh cut produce 
reliably .and consistently. Although the system 
is appropriate for small to medium size produce 
packers, its heat-sealer may be uti I ized for 
different sized bags. This design allows for 
superior flexibility in production and ultimately 
fulfills the requirements of a broad spectrum of 
fresh-cut applications, all in one system [3, 4]. 

The programmable logic controller (PLC) 
used in the AV Sealer has a simple, uniform, and 
smooth operation. The system consists of fewer 

· moving parts than its competitors with a low
maintenanc.e, venturi vacuum system. The · heat 
controller provides sealing with conformity 
under diverse conditions [3, 4] . . 

Another company, Superior Paper Handling 
Solutions, has introduced modern, cost-effective, 
and dependable paper..:handling systems for the 
packaging, printing, and - mailing industries. 

· This system features SmartControl™ Collator 
Communications (encoder interfaced PLC) and 
has similarities of actual PLC systems. 

For instance, it minimizes floor space, 
maintains high output, and includes versatile 
feeding, modular . conveying, and universal 
accumulating solutions, among many other 



features.. Additionally, the system integrates 
mechanical and electrical interfaces for a 
"seamless solution" [5]. 

Furthermore, current technology merges 
machine vision in a variety of manufacturing 
environments for inspection, data collection, and 
process control purposes. For instance, "smart" 
cameras incorporate image processing hardware 
and software that enable the camera to be used 
as a sensor. The signal from the camera 
produces an output signal that may be utilized as 
an input to a PLC, a programmable automation 
controller (PAC), or a PC-based monitoring 
and/or control system. 

Recently, National Instruments introduced 
· to the market two new products, the Nll-722 and 
Nil 742 smart cameras. These cameras 
incorporate an image sensor with an industrial 
controller and NI vision software, enabling them 
to be utilized for various applications such as 
detecting and inspecting parts and assemblies, as 
well as reading 1 D barcodes and 2D codes such 
as Data Matrix [ 6]. 

Likewise, Flir Systems, has developed 
affordable Thermovision A-series infrared, 
fixed-installation cameras to produce live 
images, and are simple to · use. These thermal 
cameras are the earliest ones to be compatible 
with Gigevision and Genicam standards and 
feature trigger/synchronization capability. Thus, 
they are easily compatible with third-party 
hardware and software such as PLCs [ 6]. 

Nevertheless, with the advancement and 
abundance of technological innovations readily 
available in industry, some successful 
companies continue to depend on human vision 
and physical labor to sort through packages. For 
instance, United Parcel Service (UPS) employs 
individuals . as package handlers to sort, lift, 
lower, and slide packages that may weigh from 
25 up to 70 p~unds each [7]. On-time delivery 
of undamaged packages is the goal of this type 
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of service, however, human labor issues such as 
fatigue, may ultimately cause harm to packages 
and products and possibly delay delivery, 
thereby increasing customer dissatisfaction. The 
system proposed in this article may contribute to 
the elimination of a large percentage of human 
interaction, thereby reducing product breakage 
as well as cost of operation. It is noted here that · 
the mechanical components of the system is 
outside the scope of this endeavor. 

2. Proposed S,,stem 

The objective in this endeavor was to design 
and develop a controller, utilizing ladder logic 
that will simulate the control sequence of an 
automatic sorting station to meet the following 
criteria: 

1. A conveyor belt moves products and 
each wi 11 be counted by a photoelectric 
sensor at the beginning of the 
production line. 

2. Products of different sizes move along 
toward the sorting station. 

3. Upon arrival at the sorting station, 
sensors detect the attributes of each 
product. 

4. Then, a solenoid is activated to sort and 
direct the product to its proper 
destination, depending upon its size. 

5. Afterward, another sensor resets the 
solenoid to its preset pos1t1on for the 
next object arriving at the sorting 
station. 

6. If any problems occur with the conveyor 
belt or at the sorting station, an alarm 
acti_vates and stops the process. 

Figure 1 depicts a side view of the various
sized products on the conveyor belt, and Figure 
2 displays a top view of products arriving at the 
sorting station. 
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Different size products 

~ Conveyor belt 

Figure 1 ~ Products in .random sequence 

■■ ■■ 
/ 

Conveyor 

Figure 2. Products arriving at sorting station 

3. Methodology 

The major components of the system . are 
exhibited in Figure 3, and the blocks represent 
different-sized items. The . photoelectric sensors 
count each package, detect differences in sizes, 
and sens~ each item's final destination. The 

..-- Visualfa'udio alarm 

Conveyor belt 

Photo-electric counter 

dual solenoid · actuators serve in the actual 
sorting based upon each product's attributes. 
The actuators activate the push arms to direct 

· each item to its proper out-bin destination. 
Finally, a visual/audio alarm energizes if a jam 

. or ot~er problem occurs during the process. 

Sorting station 

Dual 
solenoid 
adn.ators 

sensors 

Figure 3. Components of automatic sorting station · 
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Next, the input/output reference addresses 
outlined in Table 1 and Table 2 were selected for 
the required action of the system illustrated in 

START 

PE COUNTER 

PE SORTING 

SMALL PE 

·BIG PE 

SMALL OBJECT 
SOLENOID 

BIG OBJECT SOLENOID 

ALARM 

TOTAL PRODUCT 

13ATCH COUNTER 

BATCH COUNTER/ON 

SORTING STATION 
'BATCH 

SORTING STATION 
BATCH/DN 

ALARM TIMER 

ALARM TIMER/DN 

SOLENOID TIMER 
~ ... 

SOLENOID TIMERIDN 

1 :1/3 

1:1/4 

l :l/5 

1:1/6 

0:1/2 

·o:l/3 

0:1/4 

CS:O 

CS:1 

CS:l/DN 

C5:2 

CS:2/DN 

T4:1 

,T4:1/DN 

T4:2 

T4:2/DN 

Initially, the automatic sorting station is in a 
stand-by mode where all inputs and outputs are 
de-energized as depicted in the ladder logic 
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Figure 3, prior to developing the ladder logic 
program. 

diagram utilizing LogixPro PLC Simulator 
Software (8, 9] and illustrated in Figure 4. 
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( END) 

Figure 4. Complete program in stand-by mode 

Up~n activation of the system by the start 
button (1:1/2), the main conveyor (O:l/1) and a 
preceding conveyor (0: 1 /5) alre~dy contai11ing 

218 

the p~ckages, begin transporting items toward 
the sorting station. This procedure is represented . 
in the ladder logic layout in Figure 5. 
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Figure 5. Initial start-up 

As the first product passes the photpelectric 
sensor (I: 1 /3) on the sorting station conveyor 
belt, the alarm timer (T4: 1) is enabled. This 
timer times the entire sorting process which 
must be completed within a specified, preset 
time, otherwise, the alarm (0: 1/4) will be 
triggered by the timer done-bit (T4: 1/DN) 

000 

0 '.111 t 113 
001 -e~ ·.J...------ll 

tGn~ pi$'.~ 

002 

t 1/5 
003 

1: 1/ 
1:2/ 
1:3/ 
1· 4/ 
1: 5/ 

Fore&£Qabled si; fable( ]. 1 

. ~~~UF~(;~I -

indicating a problem with the system. After five 
products pass through the photoelectric sensor 
and are counted by a batch counter (C5:0), the 
previous conveyor is stopped by the batch 
counter done-bit as shown in Figure 6. Then, 
the items continue moving toward the sorting 
station push arms to be directed to the proper 
out-bins. 

···,s.-1-,:1···· 
_;.-'."'>->- - ----- --.---l 

C5:1toN 

iitqj'JJli• 
CS:2JDN 
·] [ 

miiH'MiiL"I 

Cillf'" 

N)-

Figure 6. Alarm timer and batch counter 
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When the first product arrives near the end 
of the sorting station, the photoelectric sensor 
(I: 1/4) stops the conveyor and the other two 
photoelectric sensors detect the product size 
(I: 1 /5, I: 1/6) thereby activating one of the · 
solenoid actuators (0: 1/2~ 0: 1/3), depending on 
the product's attributes. Upon activation, the 
push arms direct the product . .to the proper 
collection bin. Finally, as a product passes 

T4:HDN 
000 

'0:111 ! 1/3 
001 efutr--rol:,.ttrt.,e-----------1 • 

~iv& l!lwiitl 

C5:1/0f4 
002 

Table: l' ! 
oo:, 
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through the collection bin photoelectric sensor, 
the solenoid is de-energized and returns to its 
original position. Each time the solenoid returns 
to its original position, the conveyor is 
momentarily reactivated until the next product in 
line is detected, and the sequence for product 
sorting is repeate(ffor each of the five products 
in the batch. This ladder logic sequence is 
shown in Figure 7. 

1 1 0 0 l 

-~ 

ii [)ataTable I .!!] 

Ot/1 

'CS:-UDl4 01/~. 

" I 
,-•-,,,:-. . ,.,..,,::,-::>:·.::.;·:-

~B~- ~i• 
CS: 

~if4!iioc11il 

004 
~111. .. t 114 '' 1:1/5 t )/6 ~112 
efun------nlefun----ue:br------3,,--i-f-------------------------~,"""ce.l-Of 

• • 11N !i:aB Bf• ttll!II i81:~ 

tt/1 M/4 1:tJS t u; 0 :113 
.. 005 efun------.alefun-----ae~ 1-------------------,--------------w1a,---, 

IIl4itl 11:.. lll!D tt§J;fi~ ~-~ 
Figure 7. Sorting station 

Finally, after all products have been sorted, 
the sorting station done-bit resets the alarm 
timer, the batch counter, and the sorting station 
batch counter. The process then continues. 
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Figur~ 8 demonstrates the sorting station reset 
condition after the five products have been 
sorted (T4: 1, CS: 1 and C5~2 will be reset to 0). 
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H :1 
t--- --- ~ ----f'RES'1----- ~-1 

Wffe.Adt, 
C5:1 

RESJ------
~jj 

C5:2 
RES 

~~~-· 

0-09 . t----------------~---------------------(END) 

. Figure 8. Batch reset condition 

4. Coodusioo 

It is a fact that companies are under 
pressure to provide greater functionality and 
reliability while maintaining the feasibility 
and efficiency of their operations. The 
designed system addresses the costly and 
time-consuming problems of package and 
product sorting found in various 
environments, such as manufacturing and 

221 

package delivery services. The proposed 
PLC-controlled automatic sorting station 
described herein is simple with a uniform 
operation. Also, it is intended to reduce 
costly floor space usually required for this 
type of assembly, and operation costs may 
be decreased as well, as a large percentage 
of human involvement is eliminated. 
Furthermore, it may result in a higher level 



of productivity and efficiency than human 
visual inspection, sorting, and _ lifting can 
accomplish. In the future, more complicated 
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Abstrad 

A usability study was conducted to 
identify learnabil,ty and m_emorability of two 
different operating systems. The study 
performed testing of six participants, three 
males and three females, all undergraduate 
students at Florida Institute of Technology. 
The age range of the participants were from 
21-27. The two systems that were tested 
were Microsoft Windows and Macintosh. 
Each. participant was given instructions and a 
pre-survey that assisted experimenters in 
collecting background information on the 
subjects. The first procedure in the testing 
was to compare the time it took participants 
to follow written instructions of given tasks; 
thus, measuring leamability. The second 
procedure consisted of repeating previously 
learned steps without written instructions; 
thus measuring memorability. The test was 
given to all participants on November 26t\ 
2007. Experimenters observed subjects. 
throughout the entire testing process 
documenting any comments and 
observations. The post-survey was then 
completed and a debriefing session allowed 
experimenters to gather additional 
information. The average testing time for 
each system was 15 minutes. · The findings 
and· recommendations of this study are 
discussed. -

I ntrodudia, 

In today's world, people interact with 
different types of technology every day. The 
computer is the most commonly used 
technological device. It helps people _carry 
out everyday tasks such as getting 
information and news from the internet, 
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communicating with friends and family, as 
well as tasks such as word processing. 
Nevertheless, despite the assumption that 
current technological capabilities represent 
the ideal, it is a fact that today's technology 
evolves nearly every day. It is not 
uncommon to see that software or a system 
would change as often as every year. For 
example, Microsoft Windows introduces new 
versions and updates of its Office Tools 
every year. In addition, the software 
introduced by Microsoft is adapted to be used 
on different types of systems for example, on 
a Dell or a Macintosh computer. The only 
difference between the two is the location of 
icons and a minor variance in visual 
representation of the layout. 

Furthermore, the object of this study was 
software, specifically, Microsoft Office, 
which is functioning on different operating 
systems: Microsoft Windows (Windows) on 
a Dell computer and Microsoft Windows on 
a Macintosh (Mac) computer. The two 
companies are direct competitors in the 
market. Even though, the systems are not 
identical, the main features of their programs 
are very similar. Windows is more of a 
traditional, more commonly used system; 
whereas, Mac is developing and striving to 
become more popular among users. Both 
operating systems include a feature called 
Microsoft Office. The most commonly used 
programs of this feature are known as Word, 
Excel, PowerPoint and Access. The purpose 
of these programs is to assist users in 
accomplishing tasks such as word 
processing, creating graphs, charts, tables, 
databases, as well as presentation slides. 

The goal of the study was to compare 
and contrast the software that would be most 
favorable and easily adaptable by users. In 



this particular case, the user group was 
selected to be undergraduate students. The 
two programs that were used to accomplish 
the goal of the study were Microsoft Excel 
and Microsoft Word. The results were a · 
measure of the learnability and memorability 
of perforf!iing tasks on the selected software. 

Literary RE9:!arch 

It has been discovered that approximately 
every 6 out of 10 software defects are caused 
from usability errors [1]. Good usability 
correlates with effective system utility, which 
allows a user· to browse and utilize the 
various· functions of a system [5]. Vrazalic 
(2004) also suggests that "the elements -of the 
activity itself can have an impact on the 
usability of a system." According to ISO 
9126-1 Software Quality Model, usability 
consists of three main sub-characteristics, 
which include understandability, learnability, 
and opera bi I ity [8]. 

Narrowing down to usability, 
understandability, in relation to software, 
illustrates how easy the functions of 
particular software are to understand [6]. 
This sub-characteristic is also used to explain 
the user's mental model, which is a cognitive 
explanation for how something works. The 
learnability of a system describes how easy a 
particular system is to learn. Learnability can 
be divided into five separate parts; 
familiarity, consistency, · generalizability, 
predictability, and simplicity [9]. Familiarity 
determines how much the user expects 
something to occur. Consistency ·occurs 
when software is the same from area to area. 
If software is consistent between 
applications, users become more familiar 
with it making the software more usable. 
Generalizability take place when all software, 
regardless of manufacturer, have similar 
features, such as the "tab" features in the 
internet browsers · or the "File" or "Edit" 
menu items on a toolbar. When systems such 
as Microsoft and Macintosh do not 
generalize people can become frustrated. On 
a Macintosh, a user can only resize a window 
from the bottom right hand corner, while 
users who use Microsoft Windows can resize 
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from virtually any edge [ 11]. Furthermore, 
when a user of Macintosh presses the Alt+F4 
keys down the volume is changed. Windows 
users who press the Alt+F4 keys down will 
close a window. Predictability occurs when 
software is created to work the way a user 
would expect it""to work. Simplicity is 
determined by the way an interface is set up. 
A simplistic view would have only the 
necessities of an application and nothing 
more that might confuse a novice explorer 
[9]. The third of the three main sub
characteristics is operability. Operability is 
determined by how easy certain software is 
to b~ operated by a user in a given 
environment · [8]These three sub
characteristics of usability have a strong 
impact on the quality factor of software. 

According to Jacob Nielson, usability is 
composed of five quality components, which 
are leamability, efficiency, errors, 
memorability, and satisfaction [2]. 
Learnability relates to how easy a user can 
perform a task the first time they see it. 
Efficiency relates to how . quickly a task is 
executed. Errors relate to the type of errors 
made, severe or modest, the quantity of 
mistakes, and how a user proceeds to 
recuperate from these inaccuracies. 
Memorability refers to how well a user can 
remember a spec"ific task and tap into that 
knowledge to apply it in a future task. 
Satisfaction refers to how pleased a user is 
when the task has been completed. 

The usability of a product is regarded as 
one of the highest weighed aspects that users 
tend to C(?nsider when pursuing to purchase 
products [1]. The reason in which products 
are created is to gratify the needs of 
consumers. ISO CD 9241- r 1 defines the 
facto~s of usabi I ity to be the effectiveness, 
efficiency and satisfaction that users achieve 
goals in particular environments [12]. 
Effectiveness is determined by the accuracy 
and completeness of goals in a given 
environment. Efficiency is determined by the 
accuracy and completeness of goals in 
relation to the amount of resources applied to 
accomplish these goals in a given 
environment. Sati-sfaction is the comfort and 



~cceptability that a user feels toward using a 
system. 

Gathering feedback about the likes and 
dislikes that people have about software is 
important and a way to do it is to test a user 
by means of two comparable tasks on two 
similar ~i_eces ?f software, one in which they 
are famthar with and one in which they are 
not familiar. Relevantive AG (2003), is a 
company in Berlin that consults businesses 
on software usability as well as Web services 
[13]. Relevantive has tested two groups of 
users one of which had no experience with 
either Linux or Windows XP operating 
systems and was subjected to testing on the 
Linux operating system. The other tested 
group also had no experience with either 
system, but was subjected to Windows XP 
testing. Relevantive experimenters' findings 
suggested that both systems ' were 
comparable. The Windows XP subjects 
required only 41.2 minutes to execute the 
specified tasks, while Linux users took 44.5 
minutes to complete the tasks. 

Every month Microsoft uses an average 
of 900 subjects to evaluate their software 
(1 0]. The Engineers that administer these 
labs ask the participants to think aloud, 
which then helps Microsoft Engineers 
understand the participants' thought 
processes, expectations and opinions and in 
tum assists the designing of better Microsoft 
products for target consumers. According to · 
Nigel Bevan (1999), if one wishes users to 
achieve quality while using their products, 
the design of the product must be user
centered [6]. Donald A. Norman (1986) 
states that user-centered systems are 
supposed to be more focuse·d on users versus 

· technologies, and should be designed from 
the user's perspective [15]. Nielson (2000), 
states that the amount of test users relates to 
identifying problems · of usability. He 
proposes that it is possible that a single user 
assists the experimenter in identifying nearly 
25% of problems, while 15 test users 
recognize 100% of problems [14]. 

According to Jenny Craven and Helen 
Booth (2006) when planning to execute a 
usability test, an experimenter is suggested to 
do the following: 
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Decide on the objectives of the 
usability test 
Select the amount and type of 
subjects 
Perform a pilot testing 
Consider ethical issues 
E~plain what is expected of subjects 
pnor to the usability testing to· give 
them an opportunity for questions 
Consider the amount oi time the 
usabi I ity test may take as to make 
time for recording 
Analize data they have collected [3J. 

Methodology 

A usability study was performed due to 
the need of additional literature on computer 
and software usability, specifically, the 
aspect of leamability and memorability of 
key software features. The study identifies 
issues that users may face in the process of 
interacting with different types of software 
systems. Some of the examples of such 
issues are to know where to go on a tool bar 
in order to find the required feature to 
perform the task. The steps that were taken 
to prepare usability testing are described in 
the next paragraph. 

The steps that were followed m 
performing this project are as follows: 

• Select software to be tested
leamability and memorability of 
Windows and Mac. 

• Development of testing documents: 
❖ Test Plan- Identifies general 

purpose and guidelines for the 
project to be followed 
throughout the study. 

❖ Informed Consent Form- created 
a consent form to be signed by 
subjects, purpose of which is to 
assure safety and data security of 
participants. 

❖ Use of Human Subject Form
Description and the purpose of 
the study that was further 
submitted by experimenters for 
approval to appropriate 
authority. 



❖ Pre-survey- Created a survey to 
collect background jnformation 
on test subjects. 

❖ Pre-test instructions - As part of 
Consent Form. 

❖ Usability testing instructions for 
participants - A list of typed 
instructions for test subjects to 
follow. 

❖ Usability Testing Form 
Experimenter subject 
observation form to record 
timing of the task and any other 
comments made by both parties . . 

❖ Pos't-survey - Created to collect 
feedback on test subjects' 
preferences after interacting with 
both systems. 

❖ Debriefing/interview 
Expression of gratitude to 
participants for their time and 
effort as well as, collecting 
additional feedback on the· test 
session. 

• Recruit participants - A participant 
was selected at random for pilot 
testing to test th~ usability testing 
and identify any issues. Corrections 
were made based on the pilot test. 
Later, six randomly selected subjects 
were recruited to complete · the 
survey and perform the actual 
testing. The distribution was 
balanced consiting of three males 
and three females. 

• Performance of the actual .testing -
Took place in the library off of a 
Macintosh laptop and Dell · laptop. 
Participants carried out required 
tasks using written step by step 
instructions provided to them by 
experimenters. . Some of the Word 
instructions, performed on the Mac, 
included the following steps: 
❖ Open Microsoft Word 
❖ Open and copy a saved 

document (It is located on the 
desktop, entitled MAC Test) 

❖ Open a new document and paste 
the text 
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❖ Click on · the menu, choose 
"Tools" and click on "Track 
Changes" 

❖ Omit hyperlink and accept all 
changes in the document 

❖ Perform a spelling and grammar 
check ~-

Some of the Excel instructions 
performed on the Del.I were as 
follows: 
❖ Given numerical data compute 

the SUM and AVERAGE 
❖ Using the results from step one 

create graphical representation 
of the data 

❖ Import Excel data into a Word 
document 

• Filling out post-s-t,1rvey - Following 
the actual testing session, subjects 
filled out post-survey. Participants 
specified their preference for specific 
software, after being exposed to both 
of them. Moreover, they shared 
additional information on whether 
they were· willing to learn more 

· about any of these systems. 
• Debriefing After testing, 

experimenters thanked the subjects 
for their participation and gathered 
additional information that subjects 
were willing to share. 

• Data analysis - Analysis of all the 
data gathered and its interpretation 
was the last step performed in .this 
project. In addition to interpretation, 
recommendations were made that 
might be of value to future usability 
research. 

Results 

As it has been previously mentioned, the . 
goal of the project was to determine 
leamability and memorability using time as 
a measure. 

The results of the Windows test were as 
follows: The first part of the testing process 
involved subjects following written 
instructions on performing a task in 
Microsoft Excel. The time it took subjects to 



complete the task with written instructions 
was shorter than without the instructions. 
The average time range for completing the 
task using the instructions was 4 minutes and 
24 seconds. Whereas, the average time 
range for completing the task without the 
instructions was 8 minutes and 62seconds. 
This numerical data indicates that 
memorability of the task was challenging to 
the participants as opposed to the 
learnability. 

In contrast to the Windows testing, the 
results of the Mac· test were as follows: the 
first part of the test included written 
instructions to be followed by subjects using 
Microsoft Word. The later part - was a 
repetition of previously learned steps without 
written instructions. The average time that it 
took the participants to complete tpe task 
using the written instructions was 6 minutes 
and 97 seconds. Meanwhile, the average 
time for completing the task without the 
written instructions was 2 minutes and 86 
seconds. In this case, the numerical data 
indicates the opposite of the Windows 
testing. Specifically, the data shows that the 
memorability of the task was easier than 
Iearnability. 

The Pre-survey responses indicated that 
all · test subjects own and use Microsoft 
Windows. Half of the participants have never 
used a Mac computer. All of the test subjects 
indicated that their preference was for 
Microsoft windo·ws when producing a work. 
The Post-survey indicated that three out six 

· participants still preferred windows to Mac. 
Two out of six subjects indicated preference 
for both software, · and only one participant 
out of six indicated preference for Mac. 
When conducting the Mac testing, some of 
the comments that the participants made 
about Word indicated the need for certain 
keys to be more visible and easily accessible. 
Whereas in the Microsoft testing some of the 
comments that the participants made about 
Excel indicated that the formulas were 
perplexing. 

227 

Proceedings of the 2009 !EMS Conference 

Dis::usEiootConduson 

As specified in the results section of this 
paper, the pure data of the study suggests that 
participants favor Mac. To be more specific, 
the memorability for the use of Mac was 
quicker than the memorability for the use of 
windows. However, in the post-survey, the 
participants themselves specified that their 
preference stays with Windows. This in turn 
can be related to the theory of "Resistance to 
Change" [7]. This theory is based on the 
psychology of human behavior in an 
organization or natural environment, which 
suggests that people are reluctant to change 
their comfort zone. In the case of this study, 
the comfort zone of the participants is their 
familiarity of how to use Windows system. 
The change in this case is the new system, 
Mac, which performs functions identical to 
Windows system. The only difference 
between the two is location of the icons, and 
slight different layout of programs. Even 
though, the difference seems to be minor, it 
still requires users to learn how to operate the 
system; furthermore, the aspect of learning is 
what triggers the resistance. In the study, the 
resistance was the cause of asymmetrical 
results in terms of data collected from 
participants' responses and performance 
versus the interpretation of results. Thus, the 
recommendation for future research is to take 
into consideration the fact of Human 
Resistance to Change. In particularly, it can 
be helpful to include in both pre and post
surveys questions such as: 

Are you willing to learn to -operate a 
new· system? Please, provide reasons 
for willingness and/or unwillingness 
to learn how to operate a new 
program. 

In conclusion, the usability study of 
comparison of two software programs that 
attempted to measure learnability and 
memorability will aid any future usability 
research. It is important to emphasize that 
recommendations made in the discussion 
section should be considered in the future 
studies in order to attain more accurate 
results. 
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Abstrad 
The University of North Florida in 

collaboration with the Goodrich Corporation 
has designed a test frame to be used in 
investigating the mechanical properties of 
acoustic panels. Strain and deflection of the 
panel will be measured while supporting 
uniform pressure applied through vacuum 
loading device. Design and manu(acturing 
detai ls of the frame are presented. 

1. I ritrodudion 

The purpose of this project is to 
characterize the strength of composite 
material panels. This will be achieved by 
conducting experimen.ts to measure the 
strain and the deflection of a plate fabricated 
from the material while the plate is 
subjected to a quasi-static load. With this 
information the strength characteristics can 
be . calculated. The material has many . 
practical uses. One known application of the 
material is construction of sonar windows of 
Autonomous Underwater Vehicles (AUV). 
The sonar windows need to be strong 
enough to absorb an impact while not 
disturbing the sonar signal passing through 
the nosecone. · 

the research conducted was enabled 
by a gtant from National Science 
Foundation (NSF) ·which funds the 
Manufacturing Innovation Partnership 
(MIP) program at the University of North 
Florida (UNF) [ 1]. MIP was created to 
enhance the educational experience of the 
students and to create a design and 
manufacturing center for local companies to 
aid in the economic and technical 
development in the Northeast Florida region. 
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A large number of other projects have been 
undertaken by MIP [2-11]. These projects 
help students gain a better understanding of 
engineering applications. While it's not part 
of the regular curriculum, it provides active 
learning opportunities to the students. The 
two students working on this particular 
project have completed courses in Strength 
of Materials, Machine Design etc. Active 
learning is supported by NSF [12] and has 
been found beneficial to students in a variety 
of fields including engineering [13-23]. 

2. Cona!ptual Desg1 Ideas 

One of the objectives was to design 
and build a test rig to use in testing the static 
strength of composite material panels used 
for A UV sonar windows. The material to be 
tested would be in the form of panels of 20 
by 20 inches with variable thickness. With 
this known, constraints were formalized. 
The test fixture should disperse the load 
evenly over the panels in a quasi static 
fashion. The test fixture must be able to 
measure the deflection and strain in the 
material when the load is applied and the 
measurements must be easily viewable. 
With these constraints preliminary designs 
were discussed. 

The first design considered was one 
that would load the panels from the top. A 
column would be created to hold water and 
which would evenly distribute the load 
across the top of the panel. This design was 
dismissed due to practical reasons; if the 
panel failed a huge column of water would 
be dispersed onto the testing floor and clean 
up would be excessive. A column of sand 
was then considered because the sand is 



denser and less material would have to be 
used in applying the same load: It was also 
dismissed for the same reason as the water 
column. The next design idea involved 
application of pressure underneath the pane.I. · 
With this setup the panel could have strain 
gauges t9 measure the strain in the material 

· and a linear variable differential transformer 
(LVDT) could be placed above the panel to 
measure the displacement of the material. 
This design was dismissed because if the 
panel were to fail, small pieces would fly 
outward and possibly injure someone. After 
these dismissals a final design was found. A 
vacuum would be pulled from underneath 
the pa.net to reduce the chance of pieces 
flying outward. Strain gauges would be 
placed on the bottom surface of the panel to 
measure strain and an LVDT would be 
mounted above to measure the deflection of 
the center of the panel. Using a vacuum 
pump, the vacuum could be slowly applied 
to the panel to form the static load. · This 
final design idea was chosen based on safety 
and since it met all of the constraints. The 
preliminary design is shown in Figure 1. 

Figure 1. Preliminary design 

3. Detailed Des91 

After approval of this preliminary 
design a rough model was designed on the 
computer using Rhinoceros 3.0 CAD 
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program. The basic components of the test 
frame are a flat square plate used as the 
base, four wall sections, one loading and 
accessory rail , two vertical support beams, 
and four gussets. Once it was drawn in the 
CAD program a few minor changes were 
needed. The walls· of the test frame were 
going to ·be two inches tall by ½ in thick 
allowing the panel to deflect almost two 
inches. _This first conceptional design is 
shown in Figure 2. Initial calculations 
suggested that the ·deflection of the panels 
could be as much as 5 inches. The walls 
were therefore changed to a 6-inch tall C
section steel. The C-section steel was used 
to save weight ·over a solid bar while not 
greatly sacrificin·g strength. A 21 inch by 21 
inch steel plate was used for the bottom 
portion of the frame and was welded to the 
walls -of the frame. 

Figure 2. First base design 

Upon further calculations using a 
finite element analysis program it was 
determined that the panels were not likely to 
deflect more than a maximum of 2 inches. 
The walls were therefore changed to C3x5.5 
steel ~hich is a three inch tall C steel section 
that would provide enough room for the 
panels to deflect. The design was approved 
by the company liaison. In summary, a . flat 
steel plate of size 21 by 21 inches would be 
the base of the test rig and the walls would 
be made up of C3x5.5 steel members, cut at 
45° angles at the corners. This steel would 
also be used to the loading and accessory 
rail located above-the test panel. The loading 
rail would be supported by two steel gussets 



located on two opposing walls. The gussets 
would be welded to the outside of the wall 
as shown in Figure 3. Each gusset has two 
bolt holes with a size of¼ inch that supports 
a vertical ten inch C3x5.5 bar. The two 
vertical C3x5.5 bars support the 23¾ inch 
loading and accessory bar by four ¼ inch 
bolts. The loading rail will support the 
L VDT during tests and during transportation 
the rail could be used to hoist the test rig. 
The lifting eyelets are 1.5 inches and are 
located on the vertical support bars. 

Figure 3. Gussets 

Three holes of diameters two with¾ inch 
and a single½ inch would be drilled into the 
wall for instrumentation installation. One is 
used to -connect the vacuum pump to the rig. 
Another port measures the pressure inside 
the vessel. ,These instruments can be seen in 
Figure 4. 
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Figure 4. Instrumentations 

The third hole will allow the wires 
from the gauges to feed from the bottom of 
the panels to the computer. To ensure a 
vacuum a rubber stopper is used to seal the 
hole. The strain gauges will be placed on the 
under side of the panel. A flange was 
designed to hold the test panel securely in 
place and to help with being air tight. The 
flange is held down by eight bolts. There is a 
bolt hole at every corner and one at the 
midpoint between the corners. The flange 
can ~e seen in Figure 5. 

Figure 5. Flange 



The size and grade had to be increased once 
tests were conducted. The original bolts 
were number 10 fine thread, but failed once 
pressure was exerted onto the plate. Th is 
failure is likely due to the shear stress in the · 
bolts exceeding the shear strength of the 
material. The bolt size was increased to ¼ 

. in. Even· after the increase of size the bolts 
stiJI failed, so the bolt size · ~nd grade was 
increased to 5/16 and grade eight, 
respectively. Another test was conducted 
and during which the bolts did not fail. 

4. M anufad~ring 

The C3x5.5 steel bar was cut into 
four pieces that were 20.82 inches long with 
a 45 degree cut at the ends. These wall 
sections were welded together using a 
double v-groove weld to ensure air 
tightness. The wall was welded to the plate 
and using a fillet weld. All welds were 
cleaned up for appearance. The top of the 
walls were milled down to ensure a clean, 
level mating surface for the panel. After 
milling, hand filing was used to further 
improve the surface f1~ish. The flange 
material was cut to the same length as the 
wall. The pieces of the flange were also 
welded with a dou~le v-groove together. 
The pieces were slightly arced to allow the 
ability to pretension the panel. It ·was also 
milled flat to give a good seal. Four gussets 
were cut from a sheet of steel to the desired 
dimensions and size. The edges had to be 
grinded to ensure a tight fit into the C3x5.5 
wall. Two ¼ inch holes were drilleq into 
each gusset for bolting the vertical supports. 
The gussets were welded onto the outside of 
the wall. Two ten-inch sections were cut 
from the C3x5.5 steel bar. These were used 
for the vertical supports. Six ¼ inch holes 
were drilled into the vertical supports. There 
were four bolt holes matching the gusset 
bolt patterns on the bottom and two bolt 
holes on top to attach the loading and 
accessory rail. The final piece cut was a 
23.640 inch long C3x5.5 steel that was used 
for the loading and accessory rail. Four bolt 
holes were drilled into it on either end to 
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match the holes from the vertical support 
columns. The vertical columns were bolted 
to the gussets and the loading and accessory 
rail was bolted -to the vertical supports. To 
ensure an airtight seal , a gasket material was 
needed; A latex based gasket was used first . 
It was air tight but was extremely hard to 
remove. It also caused the surface to pit 
which in the long run would destroy the air 
tight seal. A silicon based gasket was used 
next - and it worked well, providing an 
airtight seal. The silicon was easily removed 
without pitting or other detrimental effect 
occurring. The final product is · shown in 
Figur~ 6. 

Figure 6. Completed Frame 

5. Coodusioo 

In collaboration with Goodrich 
Corporation undergraduate students have 
designed and manufactured a test frame to 
be used in . testing acoustic panels. Design 
ideas were produced and altered to come to 
the preliminary design. A model was 
developed in a CAD program and was easily 
changed to fit new calculations. The frame 
was built on site at UNF with donated 
materials and UNF purchased machinery. 
Tests were conducted and ·the strength of the 
composite materials were analyzed ·and 
found. With this project the undergraduate 

· researchers gathered much knowledge of 
design and manufacturing processes. Future 
work will be conducted on this frame. It will 
be modified to allow dynamic testing to be 
performed on the panels. 
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This presentation explores open-source 
software as a tool for teaching Enterprise 
Resource Planning (ERP) technologies in the IT 
Curriculum. It includes a look at ERP software 
trends, technical issues involved in 
implementing the infrastructure, , project 
possibilities, and integration into existing 
computing environments. It demonstrates how 
to teach ERP using free software and minimal 
time investment. 

1. I ntroductioo 

The pervasiveness of ERP systems in 
business organizations today compels 
universities with Computer Information 
Technology degree programs to consider 
teaching ERP . technologies. However, 
effectively teaching ERP can be difficult, 
especially in the IT curriculum, where students 
need practical experience with these solutions. 
Typical ERP software is expensive and hard to 
implement. It frequently ~equires dedicated 
hardware resources and a great deal of technical 
support. While several vendors of proprietary 
ERP solutions have established academic 
alliances to provide software, and sometimes 
hardware, to selected universities, colleges are 
still faced with the tremendous burden of 
maintaining these systems. In the academic 
environment, new technologies are often 
implemented without additional resources; with 
the faculty absorbing this burden. 
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Open-source software is investigated here as 
an alternative to these proprietary offerings. It 
can be a viable replacement for proprietary ERP 
packages, offering the advantages of other open
source systems: the promise of better quality, 
flexibility, and reliability, at lower cost and 
without the dependence on proprietary vendors. 
At the same time, open-source communities can 
reduce the technical support burden of ERP and 
provide insights and assistance in the 
customization and modification of these 
extensive systems. 

This research includes a look at ERP 
software trends, technical issues involved in 
implementation, customization and modification 
possibilities, and integration of the software into 
existing computing infrastructure. Its primary 
focus is on open-source ERP systems that are 
web-based; built on the WAMP (Windows, 
Apache, MySQL, and PHP) infrastructure. It 
demonstrates how a university can teach hands
on ERP with free software and minimal time 
investment. 

2. ERP s:itwaretrends 

Enterprise Resource Planning (ERP) evolved 
from the inventory and production management 
process of Material Requirements Planning 
(MRP), which began in the 1960' s and grew 
significantly during the l 970's. Initially, MRP 
systems were individually developed for specific 
manufacturing firms. Soon software companies 
recognized the market potential and began 
offering packaged solutions for what soon 



became Manufacturing Resource Planning 

(MRPII), incorporating more . functional 

processes of the manufacturing organization, 

like advanced planning & scheduling and_ 

capacity requirements . planning. MRPII 
developed and grew throughout the 1980' s, 

eventually evolving into ERP in ~he l 990's, as it 

moved beyond the manufacturing organization 

and incorporated the requirements of supply 

chain and customer relationship management. 

The concepts from this evolution led to the 

development of ERP systems focusing on 

specific industries that include both 
manufacturing and · non-manufacturing 

organizations. 

The advent and subsequent fast growth of the 

Internet provided the next expansion area of 

ERP. All of the legacy ERP systems that are 

still on the market today have incorporated web

based components into their packages and a few 

newer companies have implemented systems 

that operate entirely on internet servers. 

Open:..source ERP products were stimulated 

by the growth of the Linux, operating system. 

These products allow access to the source code, 

so that anyone can modify functionality or add 

enhancements to the software. Since · ERP 

systems typically require customization to meet 

critical business needs of the organizations using 

them, this has increased the popularity of open

source ·solutions. [1] Also, since open-source 

ERP software packages have become more 

mature and many are freely dist~ibuted, their use 
has grown in recent years. A I ist of free and 

proprietary ERP packages can be found on 

Wikipedia by searching for "List of ERP 

software packages". [2] 

To pursue the use of state-of-the-art open

source ERP, one must look at the requirements 

to operate in a web-server based Linux 

environment. 
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3. OperHDJroo infrasruct:ure 

The infrastructure for systems developed for 

the internet (also called the solution stack) is a 

. set of software components required to support 

the application solution. In a web development 

environment, the solution stacks might be: 
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typical Windows Solution Stack 

• Windows Server (operating system) 
• Internet Information Services (web 

server) · 
• SQL Server (database) 
~ ASP.NET (scripting language) 

Typical Linux Solution Stack 

• Linux (operating system) 
• Apache (web server) 
• MySQL (database) 
• PHP (scripting languages) 

Many universities, like Purdue University 

North Central, have standardized on Windows 

operating environments due to the availability of 

countless application solutions available for 

those systems. Given the choice, most faculty 

members don't w_ant to deal with the complexity 

of multiple operating systems in order to support 

open-source products. As it turns out, you don ' t 

need to install and learn Linux to take advantage 

of available open-source ERP solutions: There 

are solution stacks called W AMPs (an acronym 

formed from the first letters of the infrastructure · 

components), that have been created to allow 

Windows operating systems to take advantage of 

open-source products. 

Typical W AMP Solution Stack 

• Windows (operating system) 
• Apache ( web server) 
• MySQL (database) 
• PHP (scripting languages) 

There are a number of W AMP stacks 

avai I able, some free and some proprietary. You 



can find a "Comparison of W AMPs" on line, 

aiso at Wikipedia. [3] WampServer 2.0 was 

selected as the infrastructure for open-source 

ERP system at Purdue University North Central. 

It installs very easily and runs as a Windows 

application along with other programs on the 

computer. WampServer is free and can be 

downloaded at http: //w,Nw.wampserver.com/en/. 

4. Open-!D.lrooERP choias 

When you examine the open-source ERP 

systems available today, you quickly discover 

that there is no common core business 

functionality or implementation approach 

included in these systems. Some are quite 

co~plete, incorporating most required business 

components, while others are single

dimensional, focusing only on accounting or 

point-of-sale functions. Some of the packages 

are internet-based while others do not operate on 

the internet, although they may have web-based 

front-ends . Also, while the systems are open

source, they are not all freely distributed. 

5. webERP 

For the Computer and Informatioi:i 

Technology (Cl!) Curriculum at Purdue 

University North Central, the decision was made 

to use webERP as the open-source ERP system. 

Although webERP does not yet include all of the 

business functionality of a complete ERP 
system, it does have many fe·atures which make 

it a good· choice for the curriculum. It was 

written for the Apache web server, uses MySQL 

as its database management system, all modules 

are written in PHP, and it integrates well with 

WampServer. It has been available since 2003 
and has an active development and user 

community. The highlights of webERP are 

listed below, while a complete list of features 

and functionality can be found at the webERP 

internet site. [ 4] 
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webERP Functionality 

• Order Entry 
• Inventory 
• Purchasing 
• Manufacturing 
• General Ledger 
• Accounts Receivable 
• Accounts Payable 
• Taxes 
• Bank Processing 

webERP Features 

• Entirely web-based 
• Runs under WampServer as well as 

Linux . 
• All processing on the server with no 

installation required on client machines 
• Good compatibility with all web-

browsers and web-enabled devices 
• Easily modifiable using PHP 
• Multi-language support 
• Good Security 

, In terms of functionality, Purdue University 
North Central felt it was important that the ERP 

system include a manufacturing module with 

product master, bill of material , and work center 

components. Given the legacy of ERP, we 
wanted to be able to demonstrate the evolution 
from MRP to ERP in the processes of the 

software. Also, system support was an 

important issue. The support provided with 
webERP is similar to that of other open-source 
systems. There is a user manual, which explains 

how webERP works and describes the various 

functional modules, as well as a comprehensive 
FAQ page on their website. Community support 

includes archives with how-to-do-it answers on 
many issues and discussions of future 

functionality, provided by the users and public 
developers of webERP. And finally, there are 

several companies that provide commercial 
support for those who are willing to pay for 
modifications or enhancements, and do not want 

to wait for community development 



6. Implementation in IT rurrirulum 

Plans are underway at Purdue University 

North Central to implement a junior-senior level _ 

class in ERP Technologies in the Fall 2009 

semester. According to Hawkins et al., 

University curriculum for ERP c~n be classified 

into the following approaches: [5] 

• ERP Training 
• ERP via Business Processes 
• Information Systems Approach 
• ERP Concepts 
• Hybrids of the above 

ERP Training focuses on the instruction and 

training of a particular ERP system. This 

approach is not generally favored by university 

academics, but students seem to like this form of 

education. ERP via Business Processes uses an 

ERP system to focus on the business functions 

of an organization. The Information Systems 

Approach uses ERP software to emphasize 

information system concepts through the study 

9f a real-world solution. t'he ERP Concepts 

approach deals with the implications of 

implementing ERP rather than training _in a 

particu tar system. 

In his 12-step approach to teaching ERP, 

Alan Peslak suggests the following steps to 

teach the subject using SAP as the ERP 

software. This approach relies heavi~y on the 

· · SAP University Alliance program in ~- three

course sequence requiring multiple instructors. 

[6] 

The twelve-step program includes: 

1 . Basic background in business and 
management 

2. Study of business functions 
3. Transition to business processes - flow 

of information, cash, materials 
4. Exposure to SAP R/3 
5. Study of theory of ERP including case 

studies 
6. Hands on SAP R/3 module training 
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7. Hands on module exploration 
8. New SAP R/3 company setup 
9. Setup of all major actors - customers, 

vendors~ etc. 
10. Setup of necessary ancillary 

hardware/software theory 
11 . Standard reporting for SAP 
12. Introduction to ABAP and limited 

custom reporting 

The CIT students at Purdue University North 

Central (PNC) will have taken business classes 

prior to the ERP course, so some of the steps in 

Peslak's approach are unnecessary; however 

some· steps look to be quite useful. The ERP 

course envisioned for PNC students will 

incorporate a hybrid approach from those· 

presented by Hawkins et al. and include the 

following steps. 

ERP Technologies for CIT Majors 

1 . Study of ERP Conc.epts 
2. Hands-on implementation of 

WampServer 
3. Study and hands-on implementation of 

webERP 
4. Configure webERP for a new company 
5. Review the manufacturing business 

process 
6. Setup web ERP product, bill of material, 

and work center data structures 
7. Review webERP manufacturing module 
8. Customization of the webERP 

manufacturing module 

With the WampServer infrastructure, 

students will have access to a personal copy of 

the software for their own computer systems. 

This· will allow initial hands-on activities to be 

done individually by each student. Subsequent 

customization of the manufacturing module will 

be performed by teams, each working on a 

separate webERP component. These 

components will then be integrated into a single 

operational webERP system on a Linux-based 

Apache server with appropriate database and 

programming support. 



This approach wi ll provide students with the 

con~eptual knowledge necessary to understand 

ERP and expose them to realistic tasks 

comparable to those they can expect to 

encounter when they graduate. 

7. Caidusioos 

The following conclusions were drawn from 

this study: 

• Open-source products present a viable 
approach to support teaching ERP. 

• Infrastructure products are available and 
work well. 

• No need to change the operating 
environments used for other tasks. 

• Open-source communities can provide 
resources for support and development. 

• Students can experience realistic tasks 
comparable to those in the business 
world. 

Open-source software can be used as a tool 

for teaching Enterprise ·Resource Planning 

(ERP) technologies in the IT Curriculum! 
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Angel I nvestasand Determinants a I nfttmal Investing 

David P. Price 
Griffith Universty 

E-mail: david.price@wadlburn.oou 

Absract 
Acquiring financing for early-stage ventures 

is a critical step for entrepreneurial companies. 
"Angel" investors, who are often wealthy 
individuals, have long been an important source 
of financial support and mentoring of growing 
businesses. This study will explore a model to 
determine · factors for propensity towards 
informal investment, investor practices. and 
_investment outcomes. Based on previous 
research, a research proposal is presented, 
outlining theoretical frameworks utilized to 
develop hypotheses and a survey instrument. It 
is proposed to be distributed to samples in the 
U.S. and Australia. 

1. I ntrodudion 
Obtaining capital is a critical step for young 

companies and has traditionally been one of the 
most difficult aspects of launching and growing 
a firm, as a lack of financial resources can lead 
to cash flow shortages and failure (Brigham & 
Gapenski, 1999; Hindle & Wenban, 1999). 
Primary sources of early-stage financ.ing (seed 
or startup capital) for many firms are personal 
savings and lending institutions (Van Auken & 
Carter, 1989). After primary financial sources 
have been exhausted private informal investors 
become the major source of external . equity 

" capital (Sohl & Summer, 2002). Very. little is 
known about this segment, -however it is 
generally composed of high net-worth 
individuals, typically with substantial business 
and entrepreneurial experience (Cerullo & 
Sommer, 2002). 

Angel investing has long operated in near 
obscurity, being achieved through informal 
networks in isolated fashion (Prowse, 1998). 
Due to the secretive nature of investors and the 
unofficial arrangements, there is little research in 
the area to understand the factors concerned with 
their involvement. In addition, the practi.ces of 
angel investors (with regard to the extent of 

240 

Michael Stoica 
Wadlburn Universty 

E-mai I: mchaa.stoica@wadlburn.oou 

involvement with investments) and the outcomes 
of these investments is largely under-researched 
(Wiltbank, 2005). In this research, we firstly 
attempt to understand the propensity to invest in 
the informal private. equity market by drawing 
on the theoretical frameworks of social 
psychological theory of plann~d behavior 
(Azjen, 1991) and the theory of determinants of 
demand for risky assets, expanding on the 
approach of Maula, Autio and Arenius (2005). 
Secondly, the practices of angel investors will be 
investigated fol lowing common practice in the 
formal venture capital industry following the 
model utilized by Wiltbank (2005). Finally, the 
outcomes of angel investments will be reported 
to further enhance know.ledge of this little
known sector. 

2. Literature Review 
Angel investors are high net worth 

individuals who provide money for start-up 
firms with growth potential. They do this at 
critical stages ·when ventures are beginning and 
are estimated to be responsible for up to 90 
percent of outside equity (i.e. equity funding not 
from friends or family) in these young firms. 
This informal venture capital has been 
established as a major source of funding for 
early~stage · entrepreneurial ventures (Mason & . 
Harrison, ·2002; Reynolds et al. , 2002; Bygrave 
et al. , 2003), with individual angels investing 5-
15 percent of their total investment portfolio into 
start-up companies (Whitehead, 2003). 

Ventures with high potential often require 
funding beyond that supplied by founders. 
Therefore they seek funding from other sources, 
the bringing together of entreprene~rs and 
investors - at a price. The willingness of this 
exchange is determined by their various 
perceptions of risk and return. Early-stage firms 
are likely to begin small but have a high-risk 
profile, and are funded from "internal" sources, 
using the founder ' s resources and family and 



friends. One form of this strategy 1s 
"bootstrapping" that uses resources without 
borrowing money or equity financing (Freear, 
1995b ). External resources are usually bank 
loans, secured on personal assets as during the 
existence of the venture no track record of 
earnings is apparent. To offset risk, angels tend 
to invest in entrepreneurial ventures as part of a 
total portfolio that contains investments with 
differing risk characteristics and work with other 
angels to spread their investments, and therefore 
their risk. The early stage ventures that grow 
sufficiently may become attractive to investors 
and enable founders to cash-out through an 
initial public offering or to be acquired by a 
larger company in the industry or .a venture 
capital firm (Shane & Cable, 2002). 

Research on angel investors reveal they have 
a more value-added · approach to investment, 
offering far more than monetary benefits to 
young companies. For example, angels will 
often invest while offering services such as due 
diligence, negotiating deals, screening 
investments and pricing and structuring deals. 
As many invest in industries they are familiar 
with, angels can include entrepreneurs in 
existing networks and · make contacts that 
previously would be difficult to find (Harding & 
Cowling, 2006). Other "typical" angel profiles 
see predominantly affluent, self-made men in 
their forties or older, with graduate degrees, who 
tend to invest in the industry in which they made 
their money (Sohl, 2002). · 

Many angels· invest for more than just 
financial return; other motivations include the 
excitement of being involved with a start-up, job 
creation and assisting minorities. They often 
expect to be involved in the _ventures in which 
they invest, as informal consultants or board 
members. · Despite research on attitudes, 
behavior and~ characteristics, research on the 
angel investing process has been limited (Van 
Auken, 2002; Holaday et al., 2003; Robinson & 
Cottrell, 2007). This research attempts to 
identify the determinants for the propensity of 
informal investment in early-stage firms. This 
contribution aims to create a more effective 
angel capital market, aiding entrepreneurs in 
determining potential angel investors · and 
reasons for their investment. 
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Research into the financing of 
entrepreneurial ventures is vital to sustain a 
competitive edge in world markets. Private 
informal investors (angel investors) are the 
primary source of equity financing for start-up 
and early stage entrepreneurial ventures (Sohl, 
2002). In addition, the capital and knowledge of 
angel investors are two of the least understood 
and largely under-utilized economic resources in 
the United States and indeed, in other countries 
(Freear, Sohl & Wetzel, 2002). To date, we still 
know very little of this segment of the .venture 
capital market, how to unlock more funding and 
understand the factors that may determine why 
these individuals invest. 

Further support for angel investing is offered 
through the existence of what has been coined 
the "funding gap". In most cases the costs of 
commercializing a high-tech innovation is at 
least ten times the cost of the original research, 
costs often overlooked by the entrepreneur 
(Mason & Harrison, 2002b ). In financial terms, 
the gap is the point where money raised by the 
individual entrepreneur, friends and family and 
other traditional sources has been exhausted. 
This stage is prime angel territory and research 
indicates close to 80% of the seed and start-up 
capital for high-tech entrepreneurial ventures is 
sourced through angels (Sohl, Van Osnabrugge 
& Robinson, 2000). 

Formal venture capitalists provide private 
equity for companies and therefore establish a 
natural comparison model for angel investing 
(Wiltbank, 2005). Due to the visible nature of 
venture capitalist formal reporting requirements, 
the data from their activities is less difficult to 
obtain. Theory in the venture capital area has 
come from the perspective of existing financial 
theories: agency theory, information asymmetry 
and opportunism (Wiltbank, 2005). Results 
following this line of research provides a set of 
practices which can influence potential 
outcomes from angel investing. 

3. H ypdheees Development 

First, we use the social psychological theory 
of planned behavior (Azjen, 1991) which 
attempts to explain the influence of (a) 
individuals attitudes towards behavior (i.e. the 
degree to which a person has a favorable or 
unfavorable evaluation of the behaviors in 



question), (b) perceived social norms (i.e. the 
perceived social pressure to perform or not to 
perform the behavior), and (c) perceived 
behavioral control (i.e. the perceived ease or 
difficulty of performing the behavior and it _is · 
assumed to reflect past experience as well as 
anticipated . obstacles) on intentions and 
subsequent behavior. Second, .~e employ the 
economic theory of household portfolios (Guiso 
et al., 2002) that attempts to explain the 
determinants of demand for risky assets in 
household portfolios. These two bodies of 
literature provide a basis for explaining the 
determinants of the propensity of individuals to 
make informal · investments into private 
companies·. This research framework has been 
utilized in previous studies by Maula, Autio and 
Arenius (2005) and will shape the theoreticaJ 
framework for this study. Finally, this study is 
intended to be administered to U.S. and 
Australian angel investors, creating a cross
cultural comparison between U.S. and 
Australian angel investors. 

4. Theoretical Model and Hypotheses 

Deterninants The methodology follows 
and expands the approach taken by Maula, Autio 
and Arenius (2005). Determinants are grouped 
into five main characteristics. Following the 
theory of planned behavior (Ajzen, 1991 ), 
entrepreneurial experience should be positively 
related to the propensity to become an informal 
investor. In addition, as investors can often 
contribute to the performance, the greater their 
belief in this skill, the greater the likelihood of 
making an informal investment (Ajzen, 1991 ). 
Opportunity for quality deals has been ·shown to 
be a key barrier to . investm~nt (Mason & 
Harrison, 2002) and Reynolds et al. (2002a) 
showed support that informal investments are 
made with existing ties. Perraudin and Sorenson 
(2000) using household portfolio theory showed 
that unwillingness to · take risk is negatively 
associated with investment in risky assets. 
Additionally, fear of failure has been shown to 
be negatively associated with risk tolerance. 

Education is . likely to be positively 
associated with the belief in one's self to make 
successful investments and typically informal 
investors are well educated (Mason & Harrison, 
2000a). A high level of income suggests that 
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individuals can . spread their investment 
portfolios across categories and reduce 
investment in riskier vehicles Guiso et al., 
2003 ). A secure income contributes to a 
households general wealth and therefore 
associated with , the risk to make risky 
investments (Gcfrlier, 2002). Gender is 
important as prior research indicates angel 
investing is male-dominated activity (Hindle & 
Lee~ 2002) and should be a negative relationship 
with· females. Age is predicted to have a U
shaped relationship· as younger and older people 

. have less beliefs in their abilities to contribute to 
the success of companies (Maula et al. 2005). 
Therefore, the hypotheses are as follows: 

Proposed Hypotheses for Determinants: 

H1: Thue is a postive raationship b€lween 
prior experi€1'1Ce and prO(JfT1sty to make 
informal investrrmts Theraationship is 
moderated/mediated by the individual's risk 
avuson. 

H 1 a: The higher the individual 's start-up 
skills the highe- the propensty to make 
informal invest,:rmts · 
H 1 b: The highfr the percevocl abi Ii ty to 
rcCOgniZE opportunities the higher the 
propensty to make informal i nvestrrmts 
H1c: The sronge- the busn8$ experi€r1ce 
the highu. th~ pr opens ty to make informal 
i nvestrrmts 

· H2: The-e is a postive raationship b€lween the 
angel's investor knowledge and the propensity 
to make informal i nvestrrmts The ra ationshi p 
is moderated/mediated by the individual's risk 
ave-son. 

H2a: ·ThemJrein depth knowloclgeon the 
type of busnessthehighu theproperJStyto 
make formal i nvestrrmts . · 
H2b: The highfr the le.1fi of oclucation the 
highe- the propa1sty to make informal 
i nvestrrmts 
H2c: Thecla:e- therfiationshiplxlween the 
anga investor and the mtrepreneur the 
highe- the propa1sty to make informal 
i nvestrrmts 

H4: The highe- the le.1a of available res:JurCffi 
the highe- the prof)€f19ty to make informal 
investments. Individual's level of risk aversion 
will rrrxiuate the raationship (the raationship 



will be weaker in thepreH1Ceof high risk 
avertion). 
HS: GerJder will influence the proper1sty to 
rrake informal investrrmts ~rrm anga 
investors are I~ inc/inoo than rrm to make 
informal invet:trrmts The raationmip is 
sronger if the le.ta of risk avers on is high. 
H6: ~ exp€d an invertoo U-mape raationtilip 
bdwem the age of the anga investor and the 
prope79tyto make informal investrrmts 

Practias and Outcunes Venture capitalists 
tend to invest in later-stage companies to avoid 
the many potential pitfalls associated with 
turbulent beginnings of firms. This reduces the 
amount of time spent monitoring the firm and 
can show a more obvious track record. In 
addition, due diligence is extensive and can 
alleviate problems at later stages, therefore 
investors who spend more time on due diligence 
will have greater success. Deal flow 
opportunities is critical for investors (Amis & 
Stevenson, 2001 ), if opportunities are not 
present the investors have a more narrow choice 
of investments, they are less likely to perform 
well. Co-investment, additional participation 
allows investors to generate additional expertise 
and checks on investments (Jain, 2001 ). 
Additional expertise, entrepreneurial and 
investment experience factors, management 
team development can all influence increased 
successes and fewer failures. Therefore, the 
hypotheses are as follows: 

Proposed Hypotheses for Practices and 
Outcomes: 

Hl: Investors that makefetver investrrmtsin 
9B:I sage ver1tures.will exf)€J"imce feNer 
failures. 
HB: l_nvestors that tpe1d rrore ti rre on due 
di Ii gence wi II exf)€J"i ence rrore SJcaJ$ and 
feNer failures. 
H9: Investors that make irore i nvestrrmts in 
vmtures found through triffids will exf)€1'ience 
feNer s.xx:esses and rrore failures. 
H10: Investors who make rrore investrrents with 
other investors will experimcerroreru~ 
and feNer failures. 
H11: Investors that participaterrorein thfir 
vmturespo!:i-investrrmt will experimce rrore 
SJGC6'SxS and feNer fai I ures. 
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· H 12: Investors with rrore investing exf)€1'i ence 
wi I I have rrore SJcx::e:B:S and feNa- fai I ures. 
H13: Investors with rroremtrepreneurial 
experia7ce wi II have rrore ru~ and fetver 
failures. 

5. M ethoclology 

5.1 Sample 

The sampling procedure employed utilizes a 
non-probability sampling method to include 
purposive and snowball sampling. Purposive 
sampling states that all possible cases ·that fit 
particular criteria will be used to obtain the 
required sample amount; and this can utilize 
various methods (Neuman, 2002). Following 
this, the snowball sampling procedure will be 
used that uses referrals from one or a few cases, 
then generates further leads from those cases, 
and so on. This will be particularly effective for 
angel investors who are notoriously reclusive. 
For this research, we intend to first approach 
angel investors that are organized as formal and 
informal investment groups. These angel groups 
offer two advantages: (1) they are more visible 
than informal or unorganized groups and (2) 
they often have more numbers or members. 
These potential leads will be exhausted through 
email, phone and personal contact. It is assumed 
due to the highly secretive nature of the industry, 
that networking and personal references will be 
key to attaining the sample size required 
(approximately 150 responses). 

5.2 Measurements and Analysis 

For determinants of the propensity to invest, the 
dependent variable is a categorical variable 
measuring whether the respondent has invested 
in a new business owned by someone else. If 
the respondent has made such an investment, the 
investment will be split in family and non-family 
investment (see questionnaire in appendix). 
Independent variables are owner-manager, skills 
to start a new business, · new business 
opportunities in the region, knows an 
entrepreneur personally, fear of failure, 
education, household income, work status and 
gender (1 female, zero male). These are all 
considered dummy variables given the value of 
I. Risk aversion was measured by Duxbury 
(1996). 



Dependent variables for practices and 
outcomes can be difficult to obtain.. Records of 
cash flows for angel investors are not always 
clear as they can occur at many different time 
frames, often years. Therefore, exact data js · 
extremely hard to capture. Following Mason 
and Harrison (2002), outcomes are measured in 
categories of internal rate of return (IRR) at exit. 
Therefore the hypotheses are tested using only 
exit investments. These were grouped into three 
categories: those exiting with an IRR of greater 
than 100%, 0% to 99%, and those at a loss. 
Independent variables are total venture 
investments, investment experience, 
entrepreneurial experience, seed stage, due 
diligence, · personal relationships, co-investors, 
participation (post-investment). 

Regression will be the main tool used to 
analyze the data with special attention given to 
interaction of variables. As the dependent 
variable for determinants is a categorical 
variable, a multinomial logistic regression model 
will be utilized following Maula, Autio and 
Arenius (2005). 

6.Cmdusoos 

The vital role played by angel investors is being 
recognized, but the factors that underpin their 
decisions on investments, their involvement and 
impact are still mostly untapped. The private 
investor market is still largely misunderstood, at 
time·s inefficient and under-researched. The 
more we learn about business angels the closer 
we become to provide valuable information to 
entrepreneurs, investors and public policy 
makers. This research aims to further 
understanding of these informal investment 
markets through examining th_e determinants, 
practices and outcomes involved for individual 
investors in entrepreneurial ventures. 
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Abstrad 

Distance learning is a field of education that 

focuses o~ providing an instructional system 

capable of delivering a quality education to 

students who are not physically "on-site". The 

School of Business and Industry at Florida 

A&M University recognizes the importance of 

this technological advancement and seeks to 

discuss the challenges this task will present. · Our 

paper will first introduce a criterion used to 

determine the attributes of a course's current 

environment. Our research will conclude with a 

six-phase framework that will assist with the 

conversion of conventional classes to online 

courses. 

1. I ntrodudioo 

Distance learning is a field of education 

that focuses on providing an instructional system 

capable of delivering a quality education to 

.. students who are not physically "on-site'~ [l]. 

Rather than attending · a course in ·person, 

teachers and students may communicate at times 

of their own choosing through the exchange of 

printed or electronic media. With the proper 

infrastructure there is · also the possibility to 

communicate in real time. 

Although distance learning provides a 

medium for students or instructors that cannot 

physically be on-site, certain challenges 

manifest in delivering quality online_ and 

distance education courses [2]. Many colleges 

and schools within institutions such as the 

. School of Business · and Industry at Florida 

A&M consist of numerous courses that require 

interaction between students and professors, 

such as the evaluation of verbal communication 

or even instances of professional development . 

courses in which students' attire is included in 

evaluation [3]. Steps have to be taken to 

facilitate what courses are capable of distance 

learning that do not limit the capacity of the 

curriculum. Furthermore, it is necessary to 

consider if the cour~e better serves the needs of 

students and instructors as a hybrid, a 

combination of traditional classroom and 

Internet instruction, or as a fully online course 

that is internet or technologically driven [ 4],[5]. 

In addition, it conveniently allows for guest 

speakers to interact with students, as we) I as the 

completion of courses during internships away 

from school, or during the summer upon their 

return home; it is important to identify the 

mediums necessary to implement distance 

learning and the competency of the people 

interacting with the mediums. 

246 

In response to these issues, a framework 

has b~en developed that identifies which courses 

will be considered for distance learning (see 

Figure 1 ). We will also' -introduce a criterion 

used to determine attributes of a course's· content 

to and identify whether the course comes to 

accordance with the purpose of dista11ce 

learning. We will consider what mediums the 

course uses, the IT competency of the professor, 

the limitations at ·Florida A&M University, and 

how to progress with the latest trends, 



classifying each course as standard, hybrid, or 

oniine and providing the quality assurance of 
distance education courses. 

2. Framevvak Phases 

• Consideration Phase 

• Contribution Phase 

• Technological Analysis Phase 

• Classification Phase 

• Design Phase 

• Quality Assurance 

2. 1. Coosideratioo Phase 

In the consideration phase, each course will 
be analyzed individually against a Red, Amber, 

Green (R.A.G.) criterion that has been created in 

order to determine the attributes of each course's 

current ·environment and the ability to convert 

them into an online application. The R.A.G. 

Criterion consists of three standards (See Figure 

2): 

• Red- course will remain a traditional 
course 

• Amber- course will be become a hybrid 
course 

• Green- course will become a full onlin~ 
course 

To accurately evaluate this information a 

number of questions will need to be answered. 

These questions will be administered in two 

stages. In the first stage professors will be 
required -to fill out an online survey 

questionnaire ~ that will provide feedback from 
their personal experiences-of teaching the course 

in question. A subset of the survey questions are 

listed below: 

• Are you willing to teach your courses 
online? 

• Do you feel your course can be taught 
online? 

• Is your course better suited for a classical, 
hybrid, or full online format? 
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·• How would you rate your technological 
competency? 

Each professor's response will provide the 
initial foundation for determining which courses 
may have the potential to utilize distance 
learning as well as the professor's technical 
capability of instructing online courses. The 
second stage of questioning will acquire a more 
in-depth analysis of those courses deemed 
suitable for either a hybrid or full online 
application. Valuable information on the 
logistics of the course will need to be 
documented in order to fully analyze how to 
convert the needed content for teaching the 
class. This will require knowledge on (1) how 
often the class normally meets, (2) how much of 
the course will be delivered online, (3) what 
interactions will students have with the 
information, the instructor, and each other, ( 4) 
can students learn material as effectively online 
as they can in a traditional class, (5) how will 
you determine what the students have learned, 
and ( 6) how technologically competent is the 
instructor. 

2.2. Cootributioo Phase 

The contribution phase will be used to 

determine the benefits of providing a certain 

course online. We will look to see if the course 
will potentially be a niche offering provided 
within the School of Business and Industry at 

Florida A&M University, accommodating 
students and employees with an online course 

they currently cannot receive anywhere else in 
Tallahassee, FL. Or if it will provide a benefit 

to those students who return home during the 
summer months or take internship opportunities 
that will count towards their graduation 
requirements. There is also the possibility of 

offering courses that will provide continued 

education for government employees that may 

allow them to become certified within various 

fields. 

2.3. Technological Analysis Phase 



The technological phase is the most 

important stage to consider before _attempting to 

convert a traditional course to an online offering. 

Because the professor will rely on technology tq 
convey the information to each individual · 

student, due diligence must be taken to fully 

understand the most effective w~y to utilize this 

method of delivery. Determining the online 

mediums that will be necessary to convey the 

required knowledge will be the first step in this 

analysis. For face-to-face interaction there are 

programs such as Skype and Trillian that allow 

for real time video conferencing [6],[7]. For 

larger group-to-group interaction there is Access 

Grid Technology [8]. Professors may also use 

-video capturing tools that are common on new 

computers such as Windows Movie Maker, 

iMovie, Audocity, and Garage Band software to 

create and upload podcasts of their lectures to 

programs like iTunesU [9],(10],[11] ,[12],[13]. 

Wiki based applications can be used for courses 

that emphasize group work as they allow for 

user generated content to be displayed in · a 

manner that will enable the entire class to view it 

-[14]. This will give each individual in the class 

a chance to learn from the work completed by 

classmates and create · discussions based on 

topics of interest. For test administration as well 

as question and document submission, 

Blackboard is available for· use, an electronic 

course delivery system that is currently in place 

at Florida A&M University [15]. Any 

combination of these tools can allow for the 

transfer of knowledge as long as they are used 

properly. For this reason each professor's 

technical competency level will have to be 

accurately assessed and ongoing training will 

need to be conducted where gaps exist. 

2.4. ClasEificatioo Phase 

This phase will take into account the R.A.G. 

.criterion that was previously mentioned in order 

to properly categorize each course by hybrid or 

full online classification. A full online course 
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will meet the criteria of having content that is 

convertible, a schedule that it is not dependent 

upon strict meeting times, not dependent upon 

student-instructor interaction, and the ability to 

efficiently and effectively meet the course 

objectives. Hybrid -courses, a scaled down 

version of the full on line classification will meet 

· similar criteria but not to the fullest extent. The 

hybrid classification wiH allow for courses that 

require a moderat~ly strict meeting schedule, are 

semi-dependent upon student-instructor 

interaction, course supplements are moderately 

accessible to students in on-line form, and 

require the combination of classical meeting 

arrangements along with web based tools to 

effectively complete the course objectives. 
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2.5. · Desgi Phase 

The design phase focuses on the design, 

submission and approval of courses deemed 

appropriate for hybrid or full online courses. In 

order to maintain 'a standard for each class, we 

will utilize a class reorganization chart. This 

chart will outline all required components and 

objectives, equivalency projects and ideas that 

will help to me~t course requirements and any 

requirements that must maintain their current 

format. This framework, alongside the 

information provided in the technological phase, 

will help to guide recommendations o·n which 

courses are fit for transition to hybrid or full 

online cl~sses and what requisite technological· 

tools will be required. It wiH also provide 

feedback as to any challenges and possible 

remedies for those challenges. Utilizing this 

foundation and the information provided by the 

technological phase, including the technological 

acumen of a recommended course's current 

professor, course requirements and equivalency 

assignments, technology that is available and 

required training, our research team will have a 

snapshot of each recommended course and an 

outline for the manner in which it should shift. 

This information will be compiled in a 



visual/verbal presentation with an accompanying 
proposal. The presentation will include the 
relevant survey statistics, samples of the survey, 
current professor and course profiles and 
requirements for each course. The final portion 
will be dedicated to recommendations on which 
courses should make the transition, what 
transition (hybrid or full-time online) each 
individual course should make and how each 
transition should occur. This presentation is to 
be delivered to the Dean of the School of 

Business and Industry and the Associate Dean of 
Academic Programs for their 
approval. 

2.6. Quality ASEUranm 

review and 

The Quality Assurance phase of the Distance · 
Learning framework serves two key functions: 
(1) to ·ensure the online (or hybrid) class concurs 
with the requirements and curriculum of the 
course, providing students an equal-value 
education comparable to the service level of a 

traditional course; (2) and to identify and resolve 
concerns and issues with the quality of the 
course [ 16]. The latter functions will be 
accomplished via checkpoint assessments and 

evaluation forms. Both functions work hand in 
hand to insure that the course is accomplishing 
the objectives and evaluate the structure and 
overall experience, reliability, and sustainability 
of the course. 

Checkpoint assessments will identify the 
student's progress ·in the course, determining if 

. the student is grasping the concept of the class 
and · ensuring that it suits the curriculum and 

requirements of the course. Checkpoint 
assessments are not use·d in determining grades, 
but will be used to ensure the student is 
receiving an equal-quality or reliable educational 
service. 

Evaluation forms will assess the overall 

experience and sustainability of the distance 
learning course, whether it be hybrid or fully 
online. These forms will question the quality of 
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interaction between students and instructors, as 
well as the quality of the provided information 
technology applications used in the course in 
order to resolve any issues and concerns and 
maintain a stable environment that is vital to 
accomplishing the objectives of the online 
course. 

The quality assurance phase utilizes a 
bottom-up technique requiring checkpoint and 
evaluation forms be completed by the users and 
administrators. These forms are then analyzed 
by the department chair of the discipline of the 

specified onl ine course. The overall purpose and 
contribution · of this phase is to ensure the class 
has been successfully converted into an online 
application. 

3. Survey Res.alts 

There were 28 School of Business and 
Industry Professors at Florida A&M University 
who completed a Distance Learning Survey. The 
professors came from the following 8 disciplines 
which are accounting, finance, information 
systems, management, operations management, 
professional management, marketing and 
international business. The survey consisted of 

seven questions and each question used a five
point Likert scale. The following subset of 
questions (three questions) were most pertinent 
with moving forward with our research: 

• Do you think your courses are suited for 
the hybrid format? 

• Do you think your courses are suited for 
the full-online format? 

• How do you rate your technological 
competency? 

The first question had 40. 7% of respondents 
indicate that it was "definitely likely" that their 
course was suited for the hybrid format, while 
only 11.3% indicated that it "definitely not" (see 

Figure 3). The second question had 17 .9% of 
respondents indicate that it was "definitely 



likely" that their course was suited for the full 

online, while 17.9% indicated "definitely not". 

The third question had 28.6% of respondents 

indicate that their technological competency was . 

"very high" while 0% indicated their 

competency . was "very low". These results 

show the majority of respondent~ believe there 

are courses within the School of Business and 

Industry capable of being converted into one of 

the two types of distance learning formats. 

Future research should be aimed at testing the 6-

phase framework provided and insuring the 

success the distanc·e learning program. 

4. Coodusioo 

Our analysis of the distance learning climate 

within Tallahassee shows that there is an 

opportunity for Florida A&M University and the 

School of Business and Industry to service local 

as well as national students who can benefit 

from the availability of online courses. Our 

research provides insight into converting 

conventional classes to hybrid or full online 

~ourses by introducing a · criterion used to 

determine the attributes of a course's current 

environment and dev~loping a six-phase 

framework to assist with the conversion of 

conventional classes to onl1ne courses. 
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Course adheres to a strict 
meetin sched~le. 

Course is highly 
dependent on resources 
isolated to classroom. 

Course is dependent on 
high student-instructor 
interaction. 

Course supplements are 
not readily available to 
students in on-line form. 

Course objectives cannot 
be effectively and 
efficiently evaluated 
outside of classroom. 

Instructor has low 
technological 
com etenc . 

Course adheres to a 
moderately strict meeting 
schedule. · 

Course is moderately 
dependent on resources 
isolated to classroom. 

Course is dependent on 
moderate · student-instructor 
interaction. 

Course supplements are 
moderately accessible to 
.students in on-line form . 

Course objectives have 
moderate chance of being 
effectively and efficiently 
evaluated outside of 
classroom. 

Figure 2. Red Amber Green Criterion 
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Course does not adhere 
to a strict meeting 
schedule. 

Course is riot dependent 
on resources isolated to 
classroom. 

Course is not dependent 
on student-instructor 
interaction. 

Course supplements are 
readily accessible to 
students in on-line form. 

Course objectives can 
effectively and efficiently 
be evaluated outside of 
classroom. 

. . Instructor has high 
tech no logical 
com etenc . 
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QS: Do you think your course is suited for the hybrid format? 

Definitely Not Not Likely Somewhat Likely likely Definitely Likely 
Answers 

Figure 3. Q5: Do you think your course is suited for the hybrid format? 
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Figure 4. Q6: Do you think your course is suited for the the full-online format? 
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Absract 

Biomedical Engineering (BME) LLC has 

successfuHy patient tested a device to treat drop 

foot symptoms in patients, a loss in the abi-Hty to 

dorsitlex and evert the foot at the ankle. Drop 

foot is usually caused by damage to the common 

peroneal nerve on the lateral side of the lower 

leg especially near the fibula head. This damage 

could be due to .trauma, injury, or congenital 

defect( s ). The loss of the nerve's signal 

transduction abilities severely restricts the abi'lity 

to contract the muscles in the lower leg that 

control dorsitlexion and eversion of the foot. 

This paper presents the business plan for the 

design and development of a computerized drop 

foot treatment device. This device is a viable 

non-invasive drop foot treatment solution, which 

allows patients to regain ·thei~ normal walking 

ability. It provides much needed relief for 
patients ·suffering from drop foot symptoms and 

significantly improves their quality of life .. BME 

LLC will custom fit _each p~tient with the 

appropriate brace to ensure that the highest 

quality products and services are available to the 
customers. 

1. I ntroductia, 

The term "Drop Foot" is used to describe the 

condition in which patients experience a loss in 

the ability to -dorsitlex and evert the foot at the 

ankle [I]. Dorsitlexion is the motion of the foot 

where the toes are lifted upward toward the 

body. Evers ion is the motion of the foot that 

. raises the lateral ( outside part) of the foot 

upward. This condition makes it difficult for the 

patient to walk . and causes his foot to appear 

floppy. Patients may drag the foot and toes 

while walking. Many patients experience pain,. 

weakness, and numbness [2]. 
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Drop Foot is usually caused by damage to the 

common peroneal nerve on the lateral side of the 

lower leg. This damage could be due to trauma, 

injury, or congenital defect. The loss of the 

nerve severely restr~cts the ability to contract the 

muscles in the lower leg that control dorsitlexion 

and eversion of the foot [3]. The peroneal nerve 

is susceptible to different types of injury. Some 

of these injuries include nerve compression from 

lumbar disc herniation trauma to the sciatic 
nerve, sp.inal cord injury, bone fractures (leg, 

vertebrae), stroke, tumor, diabetes, lacerations, 

gunshot wounds, or crush-type injuries. Drop 

foot is found in some patients with Amyotrophic 

Lateral Sclerosis (ALS), Multiple Sclerosis 

(MS), and Parkinson's disease. Sometimes the 

peroneal nerve becomes injured when _stretched 

during hip or knee replacement surgery [4]. 

The basic motions of the ankle joint are 

inver~ion, eversion, dorsitlexion and 

plantartlexion. Inv~rsion •is the condition of the 

foot being · rotated inward. Evers ion is the 

condition of the foot being rotated outward. 

Dorsitlexion is the movement of the foot 

superiorly toward the anterior tibia. 

Plantartlexion is the movement of the foot 

inferiorly and away from the anterior tibia [5]. 



Figure 1 is an illustration of the various motion 

of the ankle. 

~~ 
Inversion Eversion Dorsi Flexion Plantar Flexion 

Figure 1. Foot movement [6] 

Figure 2 is an example of dorsitlexion and 

eversion of the ankle [7]. These are the motions 

which drop foot inhibits. The goal of our project 

is to restore the natural motions of the body. 

Figure 2. Dorsiflexion and eversion of foot 

Damage to the common peroneal nerve 

severely inhibits the control of the lateral 

muscles of the lower leg [8]. The proposed 

design will try to emulate the action of the 

peroneus longus and brevis muscles while also 

· dorsitlexing the foot. Figure 3 shows the 

com~on peroneal nerve and with a broken 

fibula. Figure 4 shows the surrounding muscles 

and common peroneal nerve at the knee. 

2. Busness plan development 

BME LLC will travel to local hospitals, 

nursing homes, and other medical facilities in 

order to interact with the patients directly. We 

will custom fit each patient with the appropriate 

brace to ensure that the highest quality products 

and services are available to our customers. Our 

plan is to keep the total cost of the construction 
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of the drop foot treatment brace well below $400 

and the selling price below $1,000. 

Broken fibula causes 
damage to petoneal 
nerve 

Figure 3. Comnion peroneal nerve with 
broken fibula [9] 

Figure 4. Common peroneal nerve with 
surrounding muscles (1 O] 

2.1. Marketing plan 

BME LLC believes m a grassroots market 

effort. Since we are a startup company, we are 

cash strapped and cannot fund major marketing 

campaigns. We most certainly cannot hire a 

marketing firm to conduct our product 

marketing. We believe the best strategy to 

market our product comes from the grassroots 

level and word of mouth. Nothing can compete 

with patients who use our device and realize that 



our device is adding value to their lifestyle. We 

believe that direct patient interaction through our 

onsite customized brace design will allow us to 

benefit directly from the feedback of our . 

customers. We plan on traveling to hospitals, 

nursing hot?es, veteran's hospitals, military 

bases, and other places where .~here would be 

significant demand for our product. Once the 

patient is fitted for the brace and uses it daily, 

we believe they will share their experiences with 

their friends and colleagues. When patients gain 

improved mobility, it is very noticeable in any 

environment such· as shopping malls and places 

of worship. We believe our customers will be 

the best marketing tool we can use to promote 

and develop our products. Those in the medical 

community will also being to refer more patients 

to us once they realize the success of our 

product. We believe this will ultimately lead to 

our company gaining significant market share in 

the coming years. 

2.2. Desigi and development plans 

BME LLC will design a device that will meet 

the requirements of the medical community to 

treat drop foot patients by restoring 
bimnechanical function ·of the lower leg. · The 

device will enable a patient suffering from drop 

foot to accurately dorsitiex and evert the foot 

while ~alking. The proposed product will 

contain mechanical, electrical, computer, and 

. . biomedical systems to accomplish the goal of 

this project. The founder of BME LLC has 

designed and constructed a rough working 

prototype of this product for his senior design 

project during the fall 2006 - spring 2007 

semesters. The founders designed a brace with a 

stepper motor and pulley system to dorsiflex and 

evert the foot during the patient's gait cycle. 

The brace was made from lightweight 

polypropylene and uses the patient's prescribed 

orthotic to fully provide even weight distribution 

in the legs during the gait cycle. The stepper 

motor was mounted below the knee on the brace 
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with the pulley positioned on the lateral side of 

the patient. The pulley cable was attached to the 

orthotic via anchor points drilled into the medial 

and lateral side of the orthotic in line with the 

base of the fifth metatarsal. The design used 

651b test Spiderwrre as the cabling material of 

choice for our system. The positioning of our 

pulley system allows for enough dorsiflexion 

and eversion of the foot to occur during the gait 

cycle. A microcontroller was used to control the 

stepper motor by det~rmining the correct time to 

dorsitlex and evert the foot during the gait cycle 

from _ sensors/switches positioned in the sole of 

the patient's sh_oe. All electronic components 

(battery, microcontroller,_and circuits) except for 

the stepper motor and heel and toe switches are 

located at the hip in an electronics box in a 

fanny pack. This allows our brace to be as light 

as possible. The total cost for the construction 

of this drop foot treatment brace was $309.37. 
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The new drop foot .device will be an 

advanced version of the successful senior design 

prototype that is shown in Figure 5. The 

mechanical system will consist of pulley 

systems that will dorsitlex and evert the foot as 

shown in Figure 6. The electrical system will 

consist of electrical motors, circuits, and sensors 

which will provide the control for the 

mechanical system. The computer system will 

consist of microcontrollers which will interpret 

data . gathered from the electrical systems to 

accurately control all of the systems in the drop. 

foot brace. The biomedical system is the 

combination of the mechanical, electrical, and 

computer systems and its application to the 

patient. The design has been selected for 

provisional patent during the academic year 

2006-2007. The U.S. Provisional Patent 

Application Number 60/928,562 was entitled, 

"Drop Foat Treatment Device." 



Figure 5. Senior design device 

Figure 6. Pulley system 

2.3. Manufacturing and operatioos plan 

Manufacturing: The drop foot brace is a 
custom design and patients will be fitted on site 
(hospitals, nursing homes, etc). BME LLC team 
members will travel to meet the individual 
patients in order to maintain our product quality. 
The patient will be fitted for an orthotic and a 
mold of the lower extremities will be taken. The 

Proceedings of the 2009 IEMS Conference 

· mold will be created using the casting process. 
The mold will be cut and shaped appropriately 
in order to enable the patient to easily wear and 
remove the brace. All electromechanical 
components and other electrical components will 
be added to the device at the appropriate 
locations on the custom brace. The 
microcontroller system and some electrical 
components will be placed in the fanny pack 
located at the hip of the patient. We believe 
direct access to our patients will allow us to 
maintain a high quality product while 
simultaneously eliminating overhead costs and 
middleman fees. Since our company is 
continuously designing, building, and testing 
devices and products, we do not believe that our 
operating cycle will vary seasonally. We also do 
not expect any significant lag time in between 
sales. Our employees will maintain high 
productivity and efficiency standards at all times 
during our daily operations since we are small 
startup company. 
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· Fiscal Year: BME LLC's fiscal year will be 
based on a quarterly system. The first quarter of 
our fiscal year will always start on October 1. 
This date was chosen because it coincides with 
the fiscal year of most companies based in the 
United States of America. A quarterly report 
will be generated to evaluate our company's 
performance. An annual balance sheet will also 
be generated to keep our company on a high 
growth path. 

Location: Our main office will be located in 
Warner Robins, Georgia. We believe Middle 
Georgia is a great location for this business 
because of its access to major interstate 
highways and Atlanta's Hartsfield Airport. 
From Middle Georgia, we can easily travel by 
road to various locations in the southeastern 
United States especially Florida and other 
coastal areas with a significant geriatric 
population. From Atlanta, we can easily travel 
across the country and the world via Delta 
Airlines and other major carriers. Middle 



Georgia also promotes entrepreneurship and has 

a favorable tax policy towards small businesses 

which will greatly benefit our financial 

statements. Cost of living and quality of life in _ 

Middle Georgia is also favorable for company 

growth and family and community development. 

2.4. .Management team 

Mr. Desa will serve as President and Chief 

Executive Officer (CEO) of BME LLC. He will 

utilize his knowledge of biomechanics·and other 

fields in biomedical engineering to ensure the 

successful development and proper 

implement~tion of all medical devices designed 

by BME LLC. Mr. Desa's salary will begin at 

50,000 USO. Any personal expenses, which he 

may incur, will be reimbursed as soon as 

possible. 

BME LLC will be assisted by Dr. Ha Van Vo 

(BME), who served as the client for this project 

at the senior design level. His knowledge of 

medicine and biomedical engineering has be.en 

very beneficial during the development of our 

senior design level prototyp€· and will continue 

to benefit us in the further development of this 

device for daily medical use. 

BME LLC does not have any other · key 

management personnel or board of directors. 

2.5. Critical risuiproblems'assJmptioos 

The greatest critical risk is our ability to 

create a quality customized brace for each 

patient. We believe this will ultimately ·provide 

the most benefit, value, and comfort for our 

patients but it would be the more time 

consuming than utilizing a mass manufactured 

product. We are assuming prospective customers 

will like to participate in a customized design, 
however, we realize · that many may prefer a 

mass manufactured product. The mass 

manufactured product could be easily marketed 

at stores such as Wal-Mart, Footlocker, Hanger 

Prosthetics and Orthotics, and other fine retailers 

and businesses. We are also assuming that our 
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drop foot treatment · device will be the best 

solution for many patients based on our market 

research and forecasts. If another product or 

new medical procedure arrives on the market 

and gains popularity with patients, we will have 

to rapidly modify,·our product or design a new 

device in order to compete in the marketplace. 
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2.6.- Financial plan 

BME LLC would like to provide value for 

our company and our customers. We believe in 

competitively priced products with high 

margins. Table I illustrates the company's 

financial plan. :For simplicity, all values found 

in the table are considereq to be pre-tax values. 

Using the data from Table 1, we can conduct 

a bre_ak-even analysis (Figure 7) and calculate 

the months to reach positive cash flow and 

profit. If we assume 300 unit sales (0.82 sales/ 

day) in the first year, it would take us I 04 units 

(85.28 days or approximately 3 months) to 

break-even and 110 units (90 days or 3 months) 
to ach.ieve positive cash flow and profit. The 

company's total revenue and profit at the end of 

the first year of business will be $278,700 and 

$i79,391 respectiyely. 

Table 1. Financial Plan 
Item Cost (USO) 

Management salary $50,000/year . 

Research and development $5,000/one· time 

(if necessary) only 
Unit cost · · $309.78/item 

Selling price with markup $929 .43/item 
(200%) 

Gro~s profit with gross $619 .65/item 
margin (66.67%) 

Rent $1,2000/year 

Utilities $2,500/year 

Office equipment $1,000/year 

Phone $500/year 

Travel expenses (gas, food, $2,5000/year 
plane tickets, etc) 

Total fixed costs $96,309.78 

Variable unit cost $IO/item 
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Break-Even Analysis 

Variable untt cost: 10 

Fixed cost: 96309 

Expected untt sales: 300 1-----------............... 
Price per untt: 929 

Total variable costs: $3,000 

Total of all costs: $99,309 

Tctal revenue: $278,700 

Proftt: $179,391 

Break-Even at 104 Units 

0 0 0 0 0 0 0 0 0 0 
N v W ro O N v W ro 

Sales Volume 

0 0 0 0 0 0 
0 N v W ro 0 
N N N N N M 

■ Total Cost 

■ Total Revenue 

fl Fixed Cost 

Figure 7. Break-even analysis 

2.7. Proposed oompany cffer ing 

The current intention of management is to 

retain control of BME LLC and not offer 

external participati_on or issue shares at this time. 

3. Ca,dusoos 

The d~esign and development of a 

computerized drop foot treatment device for 

lower extremity proposed, designed, and tested 

will not only provide relief to the patients 

suffering from drop foot symptoms but also will 
allow the patients to regain their normal walking 

ability. This dev ice will be cost effective and 

easily marketable. 
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An undergraduate certificate program in 
entrepreneurship and innovation has been 
developed at Mercer University School of 
Engineering (MUSE) through grants received 
from Kem Family Foundation in September 
2007. Under this program, students will take · 
three business related courses; and two new 
courses developed for Mercer Entrepreneurship 
Engineering Education Program (MEEEP): 
Engineering Innovation and Creativity; and 
Entrepreneurship in Engineering Design. These 
two courses focus on integrating elements of 
entrepreneurship with engineering; new venture 
creation; and developing business plans related 
to engineering design projects. This paper 
presents the current activities of MEEEP that 
include: course development and course 
offerings, student entrepreneurship club and ~ts 
activ.ities, entrepreneurial senior design projects, 
sustainability or' the program through external 
funding, as well as results of some of the 

· successful senior design projects completed in 
this · program. .This program provided 
experiences that enabled. the students to 
understand current trends ·and emerging 
technology in industry; identify where gaps exist 
between current technology needs and existing 
solution; and explore potential solutions for new 
technology development to address identified . 
needs in industry. 

1. I ntrodudion 

In recent years, the entrepreneurship 

education and research has focused a great deal 

of attention on opportunity recognition as a key 
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aspect of research and practice [ 1]. The_ field of 

entrepreneurship has been defined as the "study 

of the sources of opportunities; the process of 

discovery, evaluation, and exploitation of 
opportunities" [2].. The entrepreneur has been 
described as "an innovator or developer who 

recognizes and seizes opportunities, converts 
these opportunities into workable and/or 
marketable ideas" [3]. 

Observations have been made on the 

changing role of universities in society [4]. The 

importance of entrepreneurship education has 

b~en emphasized in business and engineering 

schools [5, 6]. Entrepreneurship requires 
learning methods, pedagogical processes and 

frames for education [7]. Managing innovation, 
integrating technological, market, and 

organizational change have been studied [8, 9]. 

Design for manufacture and assembly and 
concurrent engineering concepts have been 

addressed m technology ventures and 

engineering entrepreneurship education [ 10-12] 
In addition to the traditional roles of 

knowledge production and diffusion through 

research and teaching, universities have become 

more actively involved in the commercialization 

of knowledge [ 4]. Creation of academic ventures 
and business incubation has received increased 

attention lately [ 13-15]. Academic ventures are 
seen as important means for enhancing local 

economic development, generating income to 
support research, and encouraging inventor 

involvement [16]. 
With the changing role of universities, the 

role of academics has also changed. From being 



more likely to have the role of advisors, 

facilitating the transfer of knowledge to the new 

venture, they are today more likely to be 

members of the entrepreneurial tern; thus . 

playing greater role in identifying arid · 

developing .the entrepreneurial opportunities, 

acquiring resources, and organiz~ng the venture 
[4]. . 

2. Entrepreneuntlip prcvam at MUSE 

The entrepreneurship certificate program is 

open to all engineering students at MUSE. 

Students ~ho complete the MEEEP course 

requirements will receive a Certificate of 

Achievement in Engineering Entrepreneurship. 

The entrepreneurship certificate program 

requires completion of the following courses: 

• MKT 361: Principles of Marketing 

• MGT 363: Principles of Management 

• MGT 427: Entrepreneurship 

• EGR 482: Engineering Innovation and 

Creativity 

• EGR 483: Entrepreneurship in Engineering 

Design 

Note: EGR 482 must be taken with EGR 487: 

Engineering Design Exhibit I and EGR 483 must 

be taken with EGR 488: Engineering D~sign 

Exhibit 11. 
In addition to the above courses the 

engineering students are encouraged to take 

ECN 150: Principles of Microeconomics during 

· · their sophomore year. Table 1 shows the ·c.ourse 

taken by semester to complete the certificate 

program in entrepreneurship. The catalog 

description of the entrepreneurship certificate 

program courses are given below [17]: 

ECN 150. Principles d M iaoeoonanics 
(3 hour!O ( optia,al) - Prerequisite: mathematics 

competency or completion of a college 

mathematics course. 

A study · of the basic tools· of economic 

analysis and the principles necessary to 

appreciate economic relationships, business 

behavior, and consumer behavior. Special 
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emphasis will be given to the areas of supply 

and demand, marginal analysis, and the theory 

of the firm. 

Table 1. Course taken by semester 
So-1 So-2 d-1 J-2 Se--1 Se-2 

EGR EGR EGR 

480 - 487 488 

MGT EGR EGR 

427 482 483 

(ECN MKT 

150) 361 

MGT 

363 

So-1 and So-2: Sophomore year; J-1 and J-2: 

Junior year; Se-1 and Se-2: Senior year; 1: Fall 

seme~ter; 2: Spring semester. 

MKT 361. Principles d Marketing (3 
hour!O - Prerequisite: sophomore standing. 

Role of the marketing function in planning 

and implementing· objectives of the firm. 

Consumer markets, industrial markets, channels 

of distribution, product and pricing policies, 

sales forecasting, promotion, and control. 

MGT 363. ~rindples d Management (3 
hour!O - Prerequisite: ECN 150 or consent of the 

instructor. 

Coordinating or organizational 

through planning, orgamzmg, 

execu.ting, and controlling functions. 

theory, d_elegation, communication, 

making; lecture, discussion and cases. 

activities 

staffing, 

Behavior 

decision- · 

MGT 427. Entrepreneurmip(3 hour!O -
Prerequisites: MGT 363; MKT 361. 

The entrepreneur . is someone who 

undertakes a venture, organizes it, raises capital 

to finance it, and assumes all or a major portion 

of the risk. This course typically covers profiles 

of entrepreneurs, means of going into business, 

venture opportunities, and the financial aspects 

of becoming an . entrepreneur. Extensive case 



studies and projects are required. Each student 
also develops a business plan. 

Nme: MKT 361: Principles of Marketing, 

MGT 363: Principles of Management and MGT 

427: Entrepreneurship - may be contained within 
the general education component of the current 

MUSE curriculum. EGR 482 may count as an 

out-of-department technical elective. 

EGR 482: Engineering Innovation and 
Creativity (3 hour~ - Pre-requisites: Senior 
Standing or permission of MEEEP Director. 

This is an engineering technical elective 

open to those students who have selected and 

been accepted into the MEEEP. The course will 

focus on integrating elements of 

entrepreneurship with engineering. New venture 

creations and creation of new product lines 

within existing businesses are analyzed through 

case studies and semester projects. Students will 

develop a business plan associated with their 

senior design projects. 

EGR 483: EntrepreneurS'lip in 
Engineering Desi~ (0 hour~ - Pre-requisites: 

EGR 482, EGR 487. 
Student semmars and advising for 

assessment of business plans related to 

entrepreneurship and innovation m an 

engineering design project. 
Nme: EGR 4.82 and 483 will be coordinated 

by the MEEEP Director. 

3. M EEEP activities 

Two new courses on entrepreneurship have 

been developed and taught during the academic 
year ·200·8-2009: Engineering Innovation and 

Creativity (EGR 482) during the fall semester 
2008 and Entrepreneurship in Engineering 

Design (EGR 483) during the spring semester 

2009. 
Some entrepreneurs, industries, clinics, and 

hospitals in Macon, GA as well as Miami, FL 

provided engineering entrepreneurship . senior 
design projects and served as clients, mentors, 

and judges for design and business plan 
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· competitions: Hanger Prosthetics and Orthotics 

Inc. (Macon, GA), SACAL Environmental & 
Management Co. (Macon, GA), Terma North 

America Inc. (Warner Robins, GA), Foot & 
Ankle and Foot Care Center of Miami (Florida), 
and The Vein Clinics of Miami (Florida), a1_1d 
3Dimensional Engineering Inc. (Florida). 
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The following six student teams participated 
in the senior design projects involving business 
plans and product design competition during the 
academic years 2007-2009: 

The Drop Foa: Devim: This device was 

designed to treat patients with drop foot due to 
the damage of common peroneal nerves. A 

motor, sensors, and microcontroller were used 
with ankle foot orthoses to construct the device. 

The device was selected to patent by Mercer 
University Research Office (It was chosen for 

patenting in 07-2008, U.S. Patent No. 
60/928,562) 

ElboN Bram: The purpose of the device is 

to provide stability of the elbow joint in three 
planes of motions for post-op elbow surgeries. 

A 3 D elbow brace simulation model was 
developed using Solid Work and analyzed to 

determine the optimal stresses and dimension of 

the design. The elbow brace was then designed, 

built, and tested by the student team. 
M iaocontroller Knee Prosthesis: The 

knee prosthetic device composed of a tiny DC 

motor, microcontroller, shape memory alloys, 
and pressure sensors. Inventors Socket scan and 
Matt scan were used to analyze the stresses, and 

gait analysis. 
Alarm I nae Sensr fa Diabetes: The 

sensor insole was designed using pressure 

sensitive sensors and alarm alerting system to 
measure the highly abnormal peak pressure of 
the bottom of the diabetic foot to prevent 

developing unexpected pressure sores/ulcers of 
diabetic neuropathy foot. The device was built 

and tested by a student team. 
The Solar Golf Cart: Regular golf car is 

redesigning using the solar cells as necessary 



energy to operate the cart. Two 24-volt 

rechargeable batteries were used to restore the 
solar energy for maintaining the required energy 

to operate the cart. 
LON Cost Universal Socket Prostheses 

The universa~ socket was designed and built in 6 
pre~made sizes using polypropyl~.ne, soft cotton 

liner, aluminum pipes, and SACH foot to benefit 
the amputees in the third world countries. The 

low cost universal socket prostheses were 
designed as part of "Mercer on Mission to 

Vietnam" program and the Mercer faculty and 

student tea_m duririg the summer of 2009 fitted 
the prostheses for the needed below-knee and 
above-knee amputees in Vietnam. This project 

received national recognition and financial 

commitment from Clinton Global Initiative 
University [18]. The "Mercer on Mission to 

Vietnam" and typical pressure distribution 

results measured using F-scan results obtained 

from below-knee amputees are presented and 

discussed in section 5 "Results and discussion". 

This program will be expanded to other 

developing countries in the future. 

4. Mer<B" a, missia, to Vietnam 

Two engineering faculty and 16 students 
(Engineering School, Medical School,· Business 

School, and Liberal Arts Programs) participated 

in this program and spent three weeks (June 4-
25 , 2009) in the southern part of Vietnam. The 

.. students were exposed to Vietnam's · business 

culture and hands-on · experience in 'product 

design, clinical prosthesis fitting, and charity 

works. 

Two entrepreneurship elective courses were 
developed and offered · to the students 

participated in this program during summer 

2009: 

• EGR 491: Design for Manufacture, 
Innovation, Creativity, and Leadership (3 hours); 

• EGR 492: Designing and Fitting Prosthesis 
for Amputees (3 hours). 
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The above courses helped the student 

participants to learn and understand the 
following: design for manufacture and assembly, 

innovation, creativity, leadership, business plan 

development, entrepreneurship, biomechanics 

for amputees, design of universal sockets, and 

fitting prostheses to amputees. 
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5. · ReEllltsand dis:useioos 

An amputee in Vietnam fitted with universal 

socket by Mercer team is shown in Figure 1. 

Figure 2 shows Mercer students fitting the 

universal socket_ to an amputee in . Chau Doc, 

Vietnam. 

Figure 1. Amputee in Vietnam with the fitted 
universal socket 



Figure 2. Merce_r students fitting the 
universal socket to an amputee in 

Chau Doc, Vietnam 
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Case 1: The 2D models of plantar pressure 
distributions of prosthetic leg and normal leg of 

a 55 year-old male left below-knee amputee are 

shown in Figures 3A and 38 respectively. In 
Figure 3A, the center pressure of the foot is 
located at the mid-foot, and the peak pressure is 
about 22 psi. In Figure 38, the center pressure of 

the foot is located at the rear-foot, and the peak 
pressure is about 52 psi. This patient just had a 
new below knee socket, so there is irritation, and 
pressure in the stump with the socket so he shift 
his load from the left to the normal leg (the right 

leg) for reducing the pressure on the stump. 

Case 2: The 3D models of plantar pressure 
distribution of prosthetic and normal leg of a 

63-year old, female, left below knee amputee is 
shown in Figures 4A and 48 respectively. 

A B 
Figure 3. 2D models of the pressure distribution of the plantar feet 

A: Plantar pressure distributions of prosthetic leg 
B: Plantar pressure distributions of the normal leg 
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i,rCam 2 

left 
41 psi 

Right 
491)5i 

Prosthetic leg tlormalleg 

A .. B 
Figure 4. 3D models of the pressure distribution of the plantar feet 

A: Plantar pressure distributions of prosthetic leg 
B: Plantar pressure distributions of the normal leg 

In Figure 4A, the pressure of the f~ot is 
located around the lateral aspect of th~ mid and 
rear foot, and the peak pressure is about 41 psi . 
In Figure 4B, the center pressure of the foot is 

located. at the center of the rear-foot, and the 

peak pressure is about 49 psi. This pa~ient had a 

· · new below knee socket for more than 3 inonths, 
so there is some adjustment, and pressure in the 
left plantar foot is still lower than the right 

plantar foot. 

6. Program eval uation/SJsai nability 

The effectiveness of Mercer entrepreneurship 
program has been critically evaluated during the 

past two semesters_ ( fall 2008 and spring 2008) _ 
using: 

• The comprehensive evaluation plan already 
in place recommended by KEEN advisory team 

to assess entrepreneurial mindset; 
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• The factors - such as number of student 
el)rollme-nt, number of entrepreneurship courses, 

and number of entrepreneurial design projects in 
the program; 

• Exit interview from seniors graduating from 

the entrepreneurship program; 

• Faculty teams to advise and evaluate the 
entrepreneurial senior design projects; _ 

• Georgia based entrepreneurs to serve as 

advisors/mentors to student project design teams 
as well as judges for entrepreneurial senior 
design and business plan competitions. 

• Currently universities and colleges with 
entrepreneurship programs are being contacted 

to identify and implement other methods of 
evaluation for the growing and expanding 

entrepreneurship program at Mercer University. 



6.1 .- Sustainability 

Other faculty members across the Mercer 
Campus are being encouraged to participate in 

the entrepreneurship program. Currently there 
are twelve faculty members from School of 

Engineering and Business School and more than 

50 active engineering and non-engineering 

students participating, promoting and enhancing 

entrepreneurship activities across the Mercer 
campus. 

Mercer's entrepreneurship faculty team is 

actively seeking funds from Government 

Funding Agencies, private foundations, local 

industries and Mercer alumni. So far the team 

has received funding from NCIIA in addition to 

Kern family foundation grant. Kern Family 

Foundation recently approved additional funding 
for the next two years (2009-201 l) in order to 

expand the entrepreneurship program across the 

Mercer campus. 

Mercer's entrepreneurship program is 

actively developing network of outside financial 

support: from Mercer alumni, local industries, 

successful entrepreneurs, state and local 

governments, Angel Investors Group etc. Some 

of our alumni have already come forward to 

actively participate and contribute financially to 

our senior design projects. 
Participating-faculty members are planning to 

seek additional funding for the program by 

submitting proposals to Academic Initiative 

Momentary (AIM) Fund from Mercer University 
and Kauffman Fou.ndation in 20 l 0. 

7. . Condusa,s 

The entrepreneurship certificate program 

established in 2007 is expanding and achieved a 

number of mile stones: · 

• Engineering and Business faculty members 

are actively engaged in promoting 

entrepreneurship program across the Mercer 

campus; 
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• Both graduate and undergraduate students 

are attracted to the entrepreneurship related 
courses; 

• Students through Mercer Entrepreneurship 
Club are actively engaged in: recruiting students 
to the entrepreneurship program; taking 
entrepreneurship related courses; participating in 

the entrepreneurship certificate program; 

listening to successful entrepreneurs through 
invited speakers and seminar; participating in 
entrepreneurial senior design · projects, 

developing business plans and competing in the 
design · and business plan competitions; 

promoting activities during national 

entrepreneurship ·week; participating in the 

"Mercer on Mission to Vietnam" program; 

raising funds to participate and present technical 
papers on their senior design and business plans 
through "Thai Cookout" lunches and dinners 
and selling T-shirts that were designed and made 

by entrepreneurship club students; and 

presenting technical papers in the ASEE Zone I 
Conference (2008) and IEMS Conferences 

(2008, 2009). 

• One of the design projects from the 
entrepreneurship program "Low Cost Universal 

Socket Prostheses" received the National 

Recognition from Clinton Global Initiative 

University (CGIU) and the outcome of the 

project ( universal sockets) have been 

successfully fitted to needed amputees in 
Vietnam through "Mercer on Mission to 

Vietnam" program during summer 2009. 

• Plans are underway for expanding the 

entrepreneurship program by establishing a 

"Center for Entrepreneurship Education" at 

Mercer campus in the near future. 
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The ability to analyze and generate 
· hypothesis based on various sources for 
specific objectives in real time a~e vital for 
decision makers. However, the large volume 
of ·information that needs to be processed 

. proves to be a hindrance that slows down the 
process. The utilization of autonomous 
system is computationally intensive and 
while human analysts are limited in numbers. 
We are proposing · the creation of a 
distributed system based on the Computing
with Words (CwW) theory that will accept 
massive incoming data through its domain
specific entry agents, capture and abstract the 
valuable information, combine the abstracted 
data in a higher level agent and then generate 
hypothesis for intelligence analysis. The 
same system would be capable of assessing a 
given hypothesis by taking a reverse path and 
evaluating supporting information. In this 
multi-agent system each _agent is a domain
specific Computing-with-Words entity, 
which· determines the semantics of textual 
information for the purpose of hypothesis 
generation and assessment by applying fuzzy 
constraint propagation rules. The utilization 
of CwW agents to gather information and sift · 
through the specific domains prescribed by 
the analyst will significantly reduce the 
amount of overhead for each analyst and 
improve the efficiency and accuracy of the 
hypothesis generated. 
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1. Back9"ound 

There are two major issues in hypothesis 
generation and assessment. First is the 
volume of information to be processed and 
second is the reasoning skills needed to 
decipher the collected information into a 
meaningful hypothesis that is relevant to aid 
in the decision making process. Although 
computers are excellent at processing large 
volume of information efficiently, reasoning 
ability from and to natural language is 
computationally intensive. There is a need 
for a computationally intelligent agent to 
facilitate the processing of the diverse 
information stored in disparate locations. The 
recent introduction of Zadeh' s theory of 
Computing-with-Words and Perceptions [4]. 
CwW is founded on the well applied fuzzy 
set theory and the theory of Generalized 
Constraint-Based Reasoning [6].The concept 
of performing computations directly on 
perceptions, expressed in natural language, is 
a shift from the current concept of 
computation that involves manipulation of 
numeric values that may be in some form of 
the actual perception [5]. 

The theory of CwW has an ambitious goal 
to redefine how computers understand us. A 
major force in the development of CwW has 
been the need to represent the meaning of a 
natural language perception in a machine 
understandable format. It is this implicit 
constraint of a natural language perception 
that is explicate:1 when a perception is 
translated for use with CwW. The explicated 



perception is cal led a protoform ( from 
protaypical form), which is the standard way 
(or the canonical form) of representing all 
perceptions in CwW. For example, the 
natural language statement ( or perception): 
Sorm activity in Mis:is:ippi is heavy. can be 
understood to consist of a constraint heavy on 

· the fuzzy variable Sorm activity in 
Misis:ippi. This statement can be translated 
into the protoform 'X is R, where the 
variable X stands for the phrase storm 
activity in Mis:is:ippi, and the constraint R 
for the adjective heavy. The 'is' here is 
different froqi the 'is' in the English 
statement and represents the kind of 
constraint that is intended. In this particular 
protoform 'is' represents the constraint as a 
possibility distribution of the variable. 
Several such type of protoforms are specified 
which can be used in different contexts 
depending upon the meaning of the original 
perception [7]. 

Figure 1. Examples of Fuzzy Constraint 

Conj unction R.Jle 
Xis A 
XisB 
XisAnB 

Di ti unction R.JI e 
Xis A 
XisB 
Xis A* B 

Corrpostional R.Jle for 
Probabi I isic and 
pos:i bl i Eli c confirai nts 
XisrR 
IX Y) iss S 
YitiT 

Corrpotitional 
Rule 
Xis A 

.. IX YJ is B 
Yis A 0 B 

ExtfrlSon 
Principle 
XisA 
f(X) is f(A) 

Gmerali~ 
ExtfrlSon 
Principle · 
f{X) is A 
q(X) is q(f1(A)) 

Propagation Rules 

The generalized protoform is of the form: X 
is- R where expanding the 'r' gives 
constraints of different forms such as: 
Xis R possibilistic constraint 
X i!xJ R equality constraint 
X isv R veristic constraint 
X isp R probabilistic constraint 
X ispv R probability value constraint 
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X is-s R random set constraint 
X isfg R fuzzy graph constraint 
X iSJB usuality constraint 

Perceptions expressed in this standard 
format are said to be in the Generalized 
Constraint Language (GCL) and are called 
the protoform or "-the canonical form of the 
perceptions. Once the natural language 
perceptions are translated into such a 
can-onical form makes it possible to reason 
about knowledge and manipulate perceptions 
using fuzzy constraint propagation rules as 
shown in figure 1 . · 

Employing the generalized constraints for 
perception translation as shown above can 
provide a much _more accurate and effective 
meaning representation as compared to other 
approaches based on say: .predicate logic. For 
example, the proposition in natural language, 
p = It is likfiy that a tornado hits Mis:is:ippi, -
can be translated to its canonical form by 
recognizing the implicit constraints as the 
probability distributions: 

CF(p) = probability(tornado hits 
Mis:issppi) is likfiy 

Although the above representation and 
translation scheme is very promising in 
theory, one of the key problems that needs to 
be resolved when using CwW is the 
translation of .perceptions from natural 
language into GCL . in practice. If a set of 
documents is available in natural language, it 
is necessary fo translate them into a standard 
format before we can perform any deduction 
based on the implicit perceptions in these 
documents. [3]. In order to provide a viable 
solution for the purpose of translation of 
natural language propositions into GCL, we 
have proposed a methodology in · which 
Probabilistic Context-Free Grammar (PCFG) 
is uti-lized [1]. 

2. HypcjhessGeneratioo and 
Aseesement 

One of the key problems when using CwW 
is translating perceptions given in natural 
language into a standard format that can be 
manipulated with computation. Therefore, if 
a set of documents is available in natural 



language, it is necessary to translate these 
documents into a standard format before we 
can perform any deduction based on the 
implicit perceptions in these documents. As 
mentioned above, m the paradigm of 
computing with words, this task is 
represented as procisation into Ge1a-aliza1 
Consraint Language (GCL), which is a 
fuzzy logic based procisation language. The 
translating mechanism should recognize the 
syntax of the natural language propositions in 
order to translate them into a GCL format. 
We propose using Probabilistic Context-Free 
Grammar, introduced in the next section, to 
perform this translation. 

A context free grammar (CFG) describes a 
language by providing a set of production 
rules which govern how a non-terminal 

· symbol of the language can be expanded into 
a set of terminal and non-termin~l symbols. 
The CFG forms part of the phase structure 
(PS) applies post production rules to natural 
languages. A production rule for a context
free grammar is of the form S ➔ w, where S 
is the language symbol and w represents a 
string of terminal symbols (words) or non
terminal symbols. The production rules are 
classified as either terminal or structural 
rules. Terminal rules have a word in the right 
hand side, which of course cannot be 
expanded, while structural rules have non
terminal rules on both sides of the rule. 

· Probabilistic CFG (PCFG) associates · a 
probability with each production rule, with 
probabilities for rules with the same left hand 
side being unity. The probability of a 
sentence parsed by a set of rules is the 
product of the probapilities of all the 
involved rules. This is illustrated in Figure 2. 
The same sentence, "the patient nurses sleep" 
has two ~ different parsing possibilities with 
the same grammar. The computed probability 
is calculated for the two parse trees and the 
parse tree with more probability is 
considered the proper or preferred inference. 
This process is referred to as syntactic 
disambiguation [4]. Employing PCFG, CwW 
Agents will be able to distinguish ambiguous 
sentences and identify the key elements in 
the sentence. 
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String: "the patient nurses sleep" 

s 

/~ 
NP VP 

/ \ J\ Grammar rules with ptObablHty 

Oet N N V 

' ' + ~ the patient nurses sleep 

Pam1 

Structural Rules 
S ~>NPVP t .0 
NP-> N 0,5 
NP-> Det N lt2 
NP -> OetAN 0.3 
VP •>NV 0,5 

Probability: 1.ox0 . .2x1 .Ox0.2x0.5x0.4x0.3=0.0024 

s 

VP->-V 0.5 

Terminal Rum 
Oet-> ihe 1.0 ~/ -~ 

NP VP 

/ ~"' \ 

N • > patloot OA 
N -> nurses 0.4 

N ->bed .0 .. 2 
A-> t,alitltl1 . 04 

A ->$1(:k. 0.6 
Det A N V 

J ♦ \ \ 
V ..,, nu!'S6S 0,3 

V •> stoop 0,4 
V •>\i\l'()(j(: 0,3 

the patient nurses sleep 
Parse 2 

Probability: 1.0x0.3x1 .Ox0.4x0.4X0.5x0.3:i;Q.0072 
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Figure 2. Two parse of a sentence 

Performing language translation is a 
difficult process especially for an 
unsupervised natural language translation, 
either to a formal language or another natural 
language. There are several issues including 
syntax, semantics, morphology, and lexicon, 
w.hich must be taken into consideration when 
considering a translation. As mentioned 
earlier, one of the problems to be dealt with 
in CwW is performing the natural language 
translation. PCFG provides a well-tested tool 
to describe the grammar of a language, which 
can be employed in doing the translation 
from natural language to GCL. 

In order to perform the translation, we 
propose the construction of a set of 
production rules for each of the above 
recognized constraints. Therefore a set of 
production rules for a canonical constraint 
can be defined for a particular domain, 
according to the various forms that constraint 
takes in natural language. This can be then 
seen as a mapping of perceptions from a 
natural language to a standard canonical 
form. Such a set of rules may differ for the 
same canonical form from domain to domain. 

3. Architecture 

The proposed system is composed of 
multiple distributed units called agencies. 
Each agency is a multi-layered multi-agent 



system (figure 3). The multi-agent network in 
each agency will be formed from at least 
three layers of CwW agents. In the lowest 
level (level one) each CwW agent has _ 
expertise in a particular sub-domain for 
which its CwW inference rules are designed. 

Coi lecledOala 

Decision make ~ 
High level 
lrlellgence 
Analyst 

Collected Data 

Figure 3. Overall architecture 

These sub-domains should be organized so 
that they cover the entire area of interest for a 
particular agency. Each level-one agent 
receives data related to its area of expertise, 
converts the data to · the general constraint 
representation (protoforms ), classifies the 
protoforms ontologically, and applies its 
fuzzy constraint propagation rules on the 
constraints (described below). In this way, 
level-one agents perform basic abstraction on 
the input data. The level one abstraction of 
the constraints could be Jhought · of as 
preliminary hypothesis generation. 

The generated abstracts are provided to the 
level-two CwW agents; multiple level-one 
agents generated abstracts for each level-two 
agent. Each level-two · agent comprises a 
domain formed from multiple sub-domains 
covered by a number of level-one agents. The 
level-two agents perform reasoning in a 
higher le:vel, compared to the level-one 
agents, on the received protoforms using 
their fuzzy constraint propagation rule-based. 
Level-two agents interchange the outcome of 
their first round of reasoning among them. 
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The exchanged information will be ontology
enhanced, so level-two agents will be able to 
apply appropriate classes of constraints for a 
second round of reasoning process. The 
outcomes are another level of abstraction by 
level-two agents, . using the information 
received from level~one agents and from their 
peers. 
· Finally, what is generated by level-two 
agents will be provided to the highest ranking 
agent in the hierarchy, level-three agent. This 
agent is responsible for generating the final 
set of hypotheses, using what is received 
from level-two agents and ontological
enhanced information from its peers in other 
agencies. This . multi-agent architecture 
provides the infrastructl;lre for hypothesis 
assessment. In hypothesis assessment, the 
system evaluates its data to see if the given 
hypothesis could be generated from the 
evidence, and provides the evidence to the 
system analyst for assessment. 

The architecture of a single level-one CwW 
agent is illustrated in figure 4. A brief 
description of the ·internal course of actions 
in a level-one CwW agent can be given as 
follows: Documents received by a · CwW 
agent is first filtered based on given domain 
keywords and rules. The resulting 
information is converted to protoforms 
(canonical forms) using probabilistic content 
free grammar (PCFG) (1]. Next, the 
protoforms are categorized ontologically to 
enhance the semantics and to formulate. the 
conceptual schema about the domain [2]. 
From · a different path, the guidelines for 
hypothesis . generation, provided by the 
intelligence analyst, is used to adjust/expand 
the fuzzy constraint propagation rule-base 
(3]. This rule-base is applied to ontology
enhanced protoforms for inferencing and 
generation of preliminary hypothesis in the . 
lowest level of the system {level-one). 



Level-One 
CwWAgent 

lnferenceing 

Gu1delmesfor 
preliminary 
hypothesis 
generation 

Fuzzy constraint 
propagation rules 

Figure 4. Level one CwW agent 

The architecture of the level-two and the 
level-three agents are mostly similar to the 
level-one agents' architecture with two main 
differences. The first difference is that the 
level two and three agents do not requir~ 
performing any ft ltration or translation of the 
information to protoforms. The information 
they receive from their lower level 
counterparts is in general constraints format 
and ontologically organized. The second 
difference is that the le.vel-two and three 
agents exchange ontological-enhanced 
protoforms with their peers. The peer 
communication module broadcasts the 
ontological description of the information 
{protoforms) that may be of interest to the 
agent, while receives similar requests from 
the peers. When an agent receives one of 
these requests, it looks up its ontologically
enhanced protoform repository · for 
information in the requested domain, and 
forwards the information to the requesting 
peer. On receipt of the information the 
requesting agent places the protoforms in its 
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repo~itory. under the appropriate ontological 
~lass1fic~t1on. The process of exchanging 
mformat1on among the peers helps the 
second ~nd the third level agents to improve 
the quahty of the outcome of their inference 
process and therefore the quality of the 
?enerate~ hypothesis. Moreover, the 
mformat1on exchange among the level-three 
agents in different agencies provides for 
~ollaborative hypothesis generation. Figure 5 
illustrates the internal architecture of the 
level-two and level-three agents. 

Level-Two 
CwWAgent 

The lower level agents 
communication module 

The peer 
communication module 

lnferenceing 

Abstracted 
information 
(preliminary 

hypothesis in 
Canonical form 

Guidelines for 
preliminary 
hypothesis 
generation 

Figure 5. Level two and three CwW agent 

4. Cooduson 

The recent introduction of Computing with 
Words by Lotfi Zadeh, signifies a break from 
the traditional computing model and 
promises to enable analysis of natural 
language based information. Given the 
immense amount of natural language-based 
information and the fact that there are no 



proven techniques for understanding and 
analyzing such information, this promise is 
very significant. We have proposed a system 
that provides an advanced CwW-based 
technology with a central focus on improving · 
the analytic process. The idea is not to 
eliminate human expert from the practice, but 
to assign only supervisory tasks to the human 
exp·ert. The outcome of the work is the 
theoretical and practical development of a 
powerful yet transparent reasoning system 
that produces and assesses hypothesis under 
the guidelines of human experts. 
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Deep Packet Inspection (DPI) system on 

FPGA requires high-throughput and compact 

implementation for regular expressions. This 

paper presents an effective logic-sharing design 

for multi-character input that decrease design 

area and improve design throughput. 

1. I ntrodudion 

Internet security has become increasingly 

important these years. Hackers attack internet 

systems vulnerabilities trying to compromise 

system confidentiality, integrity or availability. 

These malicious activities cost millions each 

year. Effective protections from malicious 

attacks become increasingly important. 

Protection against attacks can be built · in 

network switches, routers, and directly into 

systems. Signs of intrusion could be on IP 

headers or payloads. Attack hidden in payload 

cannot be effectively detected by firewall which 

normally inspect only packet header because 

inspecting payload is a time-consuming process. 

The systems filtering payload are called deep 

packet inspection (DPI) system or network 

Intrusion Detection System (NIDS). DPI can 

compare incoming network traffic with its sets 

of built in rules called signatures to identify 

suspicious packets. This process dramatically 

increases system resource consumption. 

Snort is an open source intrusion detection 

system. Using a set of signatures collected from 

lately found intrusion. Snort system sequentially 
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scans over the network and compare the traffic. 

Since snort is software working sequentially, it 

can only work on small set of systems and not 

keeping up the increasing network speed which 

is commonly Gigabyte nowadays. If snort 

system cannot scan fast enough, it starts 

dropping packets. It is difficult for solutions 

based on a sequential processor to reach 

Gigabyte. To keep up with the bandwidth 

required by fast growing network parallel 

solution built on hardware is adopted widely in 

Gigabyte networks. FPGA based design is the 

most popular among these hardware solutions. 

Instead of using exact pattern match. 

Intrusion detection systems use Regular 

expressions to describe hacker attack patterns. 

In order to meet industry standard, researchers 

often use Perl-compatible regular expressions 

(PCRE). (Snort rule, PCRE example). 

Regular expression can be converted to an 

equivalent finite automaton - Deterministic 

Finite Automaton (DFA) or Nondeterministic 

Finite Automaton (NFA). DF A takes an input 

and then go through a finite of states based on 

transition functions before it reach final 

accepting state. DF A design is more suitable to 

sequential implementation since there is only 

one active state at any given time. DF A design 

has also been implemented on FPGA for 

gigabyte network [l] [2] [3]. However, DFA 

design requires more memory and suffers from 

state-explosion. NFA can have multiple active 

states a time and is more suitable to parallel 

system design. 



Early intrusion detection system can filter 

network traffic up to hundreds of megabytes. 

Using hashed index memory lookup and 

Bloom's filter, Bloom filter limited by memory -

ports required. False alarm (chao page 4) can 

happen. Seve_ral researchers used CAM in FPGA 

which is costly in size and power [4] [5] [6]. 

Real time systems use FPGA to implement 

fast packet scanning systems. Parallel systems 

are based on string matching techniques. 

Network packet payloads are compared against 

thousands of rule strings in parallel. It is 

demonstrat_ed that these high performance string 

matching co-processors or parallel design on 

FPGA have fast throughput. 

Ct<ntuhied 
tomp<'!ri~on 
ufi·;( S 

Figure 1. shift pipeline 
· NFA design use compare and shift pipelined 

approach (Figure 1 ). The circuit contains logic 

units where design patterns are stored. Central 

control unit normally distributes the· passing 

character to all the LE · units. The character 

compare against the pattern character in the LE 

and send "l" to the next LE holding the next 

pattern character. The "1" temporarily gets 

stored in a latch inside the next.LE. If the next 

passing character matches the 2nd LE' s pattern 

character, the "l" from the comparator and the 

signal from the latch will AND together and 

send a "l" to the next LE. This process repeats 

fro all the pattern characters. A "1" from the last 

pattern character signals a match and alerts the 

system. This straight forward implementation 

costs FPGA space. Optimization can be done in 

several ways. Comparison can be centralized 
and the matching results are distributed to · AND 

gates. A latch is used to record the matching 
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result [7] [8]. Prefix can be combined to save 

space on FPGA and patterns in the middle can 

be shared. Common blocks can be shared to 

reduce redundancy and save space [2][9] [ 1 O]. In 

Cho's paper a 32-bit architecture is implemented 

using pipeline. These approaches made it 

possible for an FPGA to process thousands of 

patterns in a gigabyte network. 

Modern intrusion detection systems 

implement synthesis of regular expression. 

FPGA blocks are also made suitable to handle 

Regular Expression. NFA-based regular 

expression in FPGAs uses special basic blocks 

to replace the si_mple compare and shift blocks 

[11]. Concatenation, Kl~ene-start and Union 

operators can be made on top of these basic · 

blocks. Character comparison units can be 

shared in regular expression designs to reduce 

hardware area [12] [8] [7]. Parts of regular 

expression can also be shared [9] [ 13]. Sou rd is 

et.al [ 14] presented three· regular expression 

hardware building blocks to implement 

constraint repetitions that can only be expanded 

or repeated before their work. However, as 
pointed in · [ 15], there are several open issues. 

Recent research by Yang, et.al [ 16] presented a 

two-character input per clock cycle approach 

with regular expression support. In this paper, a 

new approach that allows more resource sharing 

will be described. 

2. The Architecture 

One way to speed up the design throughput is 

to increase number of character inputs per clock 

cycle. There are two open issues involved in this 

kind of design. If all the input offsets need to be 

matched, the design area tncreases in folds. The 

first part of this paper's design will address this 

issue. Second part of the design will address 

another issue involved with Regular Expression 

in multiple character input designs. In traditional 

NFA string matching methods, the characters of 

the string in rules .are arranged as a linked list of 

processing elements (PE) and coded in hardware 



using VHDL. Every PE has a comparison unit, a 

register, an input and an output. The comparison 

unit is used to match the current passing 

characters m the payload. The register 

temporarily store a flag bit indicating whether 

the PE is a responder. If the PE is a responder, it 

sends "l" to output line. The output line is 

connected to the next PE's input line and store 
"l" to the next PE. 

Input stream 

Ccntra!imi 
comp;rnwn 
units 

logic gate array 

Figure 2. Pattern Matching Array 

Pattern matching circuit can be extracted to a 
centralized position leaving only AND gates in 

the pattern matching array (Figure 2). ln this 

design, the input characters are broadcasted to 

centralized comparison units. The output of a 

matching character will be sent to assert one 

input of the two inputs to an AND gate in logic 

gate -arrays. Note that the characters labeled on 

the AND gates are for illustration purpose. 

There is no comparison unit at that position. 

Only AND gates are used. Logic gate arrays are 

where the pattern information stored, for the rest 

of this paper, we call these . arrays "pattern 

arrays". _ This design saves FPGA area by 

centralizinKshared comparison units. 
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Figure 3. Processing 4 characters per cycle 

The design in this paper can process 4 

characters a time using shared comparison units 

as shown in figure 3. A group of 4 comparison 

units for 1 character maps to 4 possible positions 
of this character. The position of a character in 

the input stream is sent to compare with the 

character on the corresponding position on the 
pattern comparison unit group. As example, the 

character on the second input position will only 

be broadcasted to second positions in each 
comparison unit group. If the input on second 

position is "B", only the second comparison unit 
in "B" group produces positive output. 

Corresponding to the comparison unit group, 

the pattern arrays are arranged into 4 characters 
a group separated by a latch. Characters in a 

comparison group can only be mapped to 
corresponding positions in a pattern array. As 

example, output from the second position in "B" 
comparison unit group can only be broadcasted 

to line l _ but not 2, 3 or 4 because the B in those 

arrays are not in the second position. 
A complete match in one clock cycle is 

illustrated on the first line. The input stream is 
ABCC. A is broadcasted to all the first positions 

in comparison unit groups, B second, C third 
and fourth. Output from the comparison units 

then feed and trigger the connected logic gates. 
In the pattern array, only if all the four AND 

gates are triggered, the latch after the section 
will store a "l" inside. Next clock cycle, the 



latch content wi II be used to trigger the next 

group of four logic gates. 

One problem with taking 4 input characters a 

time is that when the input pattern misalign wi~h -
the pattern in the sections of the pattern array, 

multiple pa~ern arrays are required. As shown 

on ·line 2 and 3. Each snort pattern is duplicated 

to four lines of logic gate arrays. The duplicated 

logic gates arrays are padded with don't care in 

the beginning to match unaligned patterns. This 

results in a design that takes more area. 

However, it is not a huge increase. In the design 

where only one character is taken as input a 

time, the pattern arrays have one latch after each 

AND gate. The 4 character input design have 4 
latches after four AND gates. Therefore, the 

numbers of latches the designs take are the 

same. The 4 character input design only used 

about 3 times more AND gate. 

3. Sharing Patterns 

! . . . . . . ·. . . . . . . .. .. l .,.... __ _ 
~ I . 11 

! ! I ,--. -----~~~ W -.l 
I l.J. _J 

~ 
Figure 4. Sharing Patterns 

Various 4 characters patterns can also be 
centralized. As example, in Figure 4, the 4 

characters ABCC can be centralized and shared 

by many patterns. The logic inside the patterns 

can be simplified to one and gate. Whether to 
implement this pattern in the design depends on 

how many times is repeated in the patterns. 
Statistics has· to be performed on Snort patterns. 
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4. Regular Expressioos 

This design is capable of handling regular 

expressions. Figure 5 shows Any-Character 

matcher (.) and complementing-character 

matcher("') buildi~g blocks. 

L .. -. L .... _j--:•-h•--B---.----. ____ ...., ,__.., .., 

! I + I -
B~ ---~ --6.--t::=IJ· -• 
Figure 5. Regular Expressions . and A 

It is more complicated to implement One or 

more occurrence (+). In· figure 6, B might be 

repeated multiple times. The centralized pattern 

BBBB are ANDed together to repeated trigger 

the AND gate until the input becomes C. 

.: .. }: :a-1 

.!::::::• t:a ::"."• -·· i==• ~=:::• '01::: ::a !::~• · 
[ i' j 

Figure 6. Repeating a single character 
Similar design can be applied to repetitive 

patterns of group of 4. The centralized pattern 

can be used repeatedly until the input character 
changes. 

Figure 7. Constraint Repetition 
According to Bispo [ 15], one of the open 

issues regarding synthesis. of regular expressions 
on FPGAs is constraint repetitions, as _example 

AB { 1024 }CC. A 4-byte input solution is given 

in figure 7. This figure illustrated one of the four 
possible alignments in a 4-byte input. Upon 

successfully matching ABBB, the counter is 

activated. The counter output compares with the 
register content that holds the number of the 



repetition. The successful comparison output is 
used to active the following gates. 

5. Coodusoo and dis:usEioo 

This paper presented an innovative design 
that take 4-bytes input a time without using any 
pipelining. Regular expressions on the 4-byte 
input architecture including constraint repetition 

are implemented to address current open issue. 
Notice that the ·implementation is not only 
applicable to 4-byte input, the design can be 

easily configured up to handle larger inputs. 
Increased input width can dramatically increase 

intrusion detection system performance. In the 

future, we will implement the design on 
hardware and test its speed on handling regular 
expressions. 
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Abstract 

The Client/Server course in out ET 

department was originally taught with pure 

theoretical content. Not only the content was old 
but also got very pure student feedback. The 

author has tried three different ways to deliver 
modem technology to the class without losing 

theoretical content. The latest java glassfish 
application server based project app.roach 

obtained highest student feedback. 

1. I ntroductia, 

Client/Server computing is an advanced 

~etworking/web computing course traditionally 

taught on graduate level. With the fast ad~ance 
of web technology, it is feasible to int~grate the 

course into undergraduate. curriculum. However, 

Client/Server computing is a broad topic that 

covers from socket implementation, traditional 

tier architecture to advanced ~istributed 
· • computing. It is also difficulty for fac·u.lty to 

deliver the theoretical foundations that are 

required in understanding the concepts involved. 

The department's original approach was to teach 

a pure theoretical course covering basic concepts 

and system survey. This approach is not able to 

engage students or prepare students with 
necessary skills in working. The course was 

taught with purely theoretical content when the 
author took over. The book used was 10 years 

old and significantly lacking modern technology 
content. Student feedbacks were pure due to the 

· fact that the course was designed dry and 

missing intuitive real world connection. 
One branch of the effort is to implement this 

course as a distributed systems course [ 1] [2] 

[3]. These classes teach students to utilize large· 

scale system recourses in the network to perform 

highly resource consuming tasks. Google Map 
Reduce is frequently employed in class projects. 

It is exciting for students to see that large job 

can be done quickly using network resources. 
The courses typically emphasis on using 

software tools and teaches distributed computing 
concep.ts such as load balancing, process 

migration etc. 
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Based on these findings, major changes to 

the course was made the second time the course 

was taught. A more modern text book was 

chosen and practical labs were added. The new 

text book covered theories about _modem 

distributed computing such as process migrating, 

load ·balancing and fault tolerance algorithms . . 
The labs · include socket programming, cluster 

building and programming and web services 

implementation by writing java web services 

code. The course received bad feedback again . 

Evaluation revealed that the course was .too 
difficult. The students were missing many 

necessary backgrounds in understanding the 

theory. Students are also missing the required 
skills like web programming with java and 
parallel programming with MPI. The feedback 

would have been different if the course were 

taught in a traditional computer science program 
on graduate level. In our department, we expect 



to teach students skills and theories that could be 
applied to their job immediately after 
graduation. Other approach has to be taken. 

In recent years, efforts have been made to 
teach socket programming project [ 4]. This 

requires the student to spend significant amount 
of time in coding to implement basic socket 

applications only. Another approach was made 
to cover the basic socket concepts and advanced 
web services topics [5]. The course gradually 

proceed from socket programming to remote 
procedure call and then to Web Services. 

Although the course was able to teach broader 
topics, it wasn't able to focus on advanced Web 
Services topics in detail. Some courses focus on 
Web Services teaching only [6] [7] [8]. These 
publications described Web serviaes projects, 

but didn't explain how the theoretical 
foundations are delivered. Without solid 
theoretical foundation, the technical practices 
are error prone and non-scalable. Furthermore, it 
is difficult to find a paper mentioning how 
security implementation is taught in the class. 
No company can adopt a technology that is not 
·secure to use. This paper describes a complete 
Web Services course that not only lay out 
theoretical foundation and help student bui Id up 
practical skills, but also covers Web Serv~ces 
Security and its. application in real projects. 

2. Course I mplementatioo 

2.1. Base Client/Server Architecture 
cona!pts 

The · fundamental concept underneath 

network communication is socket. Socket is a 
program normally implemented in C or Java 

which continuously listen to or write to a port of 
the workstation. First homework is to let 
students to understand TCP socket supplied by 
instructor and implement a UDP socket in C. 
Many higher level network protocols can be 

setup on top of TCP socket. Remote Procedure 
Call (RPC) ts what normally used by 
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Middleware which was introduced next. A RMI 
implemented in java was then be taught and 
implemented. 

Once low level implementations were 
understood, the tier architectures were 
introduced. Two-tier client/server architecture 
can be shown by setting up PHP program used 
to access database on class web server and have 
students implement an HTML front end. This 
naturally leads to three-tier architecture where 
TP monitor and middleware ·facilitates 
client/server communication. 

Netbeans IDE with Glassfish Application 
server is used to implement simple Servlet 
applications. 00 ·middleware is also introduced 
in this phase. 
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2.2. Web Servie2 related technol09es 

Web Services is the most recent and widely 
used technology in implement modern 
Client/Server architecture middleware. One of 
the most important concepts in Web Services is 
XML related technology such as XSL, XSLT, 
XP A TH, XSD etc. The second step of the class 
is to show students some applications that are 
related to what students' prior knowledge base. 
Most students already learned about HTML and 
website design. Many XML based Technology 
are used in website design. One example is 
AJAX, a browser uses XML to transmit data 

from server to client and only update the 

changed part of the browser . . Students need to 
design XML file and XSD for the XML and then 
use them to implement an AJAX page. 

2.3. Netbeans IDE and GlaSElidl 
Applicatioo Server 

Sun's Netbeans IDE have an integrated 
application called Glassfish. Complete java EE 
projects can be implemented and tested on the 
local Windows or UNIX computer using 
Netbeans. The graphical interface and many 
built in modules helps developing large project 



in a short period of time. The finished project 

can later be deployed on production server for 

remote access. These features together with 

many drag and drop functionality eliminates the _ 

frustration in implementing large repetitive jobs 

in developing client/server projects. 

2.4. -Resful Web Servi<& 

There are two branches in implementing Web 

services. Restful Web Services treat the services 

supplied by servers as resources that can be 

accessed via interr:iet. This type of Web Service 

is easier to understand and implement. It is more 

naturally to progress from Restful Web Service 

to Soap-Based Web Services that impfement 

remote procedure call. First project is to used 

Netbean IDE built in tools to access Restful 

services supplied by business such as 

Amazon.com, Google map and many other 

service providers. When a client contacts a URL 

where web service resides, the server returns a 

XML file to the browser. It is up to the client to 

interpret the returned XML file. Students 

_successfully built Google rriap projects. When 

suppl.ied with a certain address, the web 

application would return. a map of this location 

(Figure 1 ). 
Status: W~ ,OK} 

Response: 

Figure 1. Google Map project 

2.5. Soap-based Web Servi<& 

Web Services architecture involves a service 

requester, service provider and the service 

registry. The communication among these 
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components is XML-based Simple Object Access 

Protocol (SOAP). SOAP . can enclosed XML 

information and transport the information 

through internet. The standard SOAP interface 

makes it easier for businesses to exchange 

information or make RPC call. Web Services 

Description Language (WSDL) is used to define 

the _ interface for · service provider so that 

requester can properly format its messages. 

Universal Description, Discovery, and 

. Integration (UDDI) Services provides a registry 

for Web Services. 
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Bµilding a Web Service is fairly easy and 

quick in Glassfish Netbeans IDE. By selecting 

Web Service from the me_nu, all the environment 

configurations are setup and basic java codes are 

supplied. Students can simply write the actual 

logic for the service. After compilation, WSDL 

will be generated automatically. The Web 

Service can be deployed to local host on 

Glassfish server ready for. testing. To use the 

service, students heed to implement a Web 

Service client. Again, these can be quickly done 

using built in mechanisms. In general, students 

can setup Web Services and client fairly quickly 

and easily. Thex can concentrate on service 

implementation instead of spending too much 

time setting up environment or debugging basic 

routines. The web service project students 

implemented were deployed on class server by 

instr~ctor and students can access the service 

from rem?te computers (figure 2). 
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-SOAP Request topics and projects in about half of the semester 
leaving the remaining half for students to study 

<?xml ve ::::s :. or:="l.C•" ~ i:ccdrnq=''UTf-:."'.' > web service security and business integration. 
<S:E:;~!~~~e;;!i:s:S= "J-.t.qi: /J ,:1ct e:mas. xml.:1oap . crg/3cap/ e nve lope /' '> All the projects were hosted on class server for 

<S:!l:~~;:max X:?.lns:r:s2="r,t.q;; jf,;alc;;.larn::: .rne.orq/ " > remote access. Students were able to generate 

; ~:~~:;~;: stubs for the web service they deployed on_ the 
<k>.26</ k>-

<. / n.~2:max> 
< /- : ?:,.:~:r> 

SOAP Response 

class server from a remote machin-e resembling 
real world application. 

Web service security is implemented after 
students were able to develop web services 
confidently. Cryptographic techniques, 
certificate management and public key 

<?x ml vie::~..1.cn -- 1•1 .. 0 •• e:r.--::odi.r1g=n t..TTf- f:n?> . 

<5 :£n·, e lcpe l'~lr.3 :S=" i:t,t.p : / / scJ-.emae · x:ml3Gap. c:::g/ soap/er.vel.::,pe f " > infrastructures and authentication 
<5:!lsdy> and 

<ns2 :max Re.:3p:.~n!le xmlns: r-.. s2.=ntt.t'P: / / calc~la:.c-:: . me- e rg / " > 

<I n!,2 :m.axR~~po.r:!Je>
</5: Body>-

Figure 2~ A Soap message 

2.6. Enterprise Applicatia, and I ntEgatia, 
(EAi) and Business Process Executia, 
Language (BPEL) 

Once students understood Web Services in a 
simple single client one server interaction 
context, they are ready" to learn Web Services in 

large scale client/server computing. EAi 
integrates multiple Web Services to implement a 
combined service. BPEL is a standard that 

brings all the Web Services together to s~rve 
business. As example, booking flight and hotel 

usually need t~o separate services from two 
different companies. Using BPEL, a service 

could be generated from combining these two 

services into one single orchestrated service. 
Illustrated below (graph) Netbeans' built-in 

GUI BPEL tools make large integration much 

easier. 

2.7. Web ServioosSecurity 

Recent advances in J2EE platform and java 

Netbeans IDE helped eliminate many overheads 
in developing web services projects. As 
example, Java coding is limited and_ service 

deployment is GUI based and integrated in the 
IDE. We were able to finish basic Web Services 
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authorization infrastructures were introduced 
and their applications in SOA were taught and 
implemented on glassfish server. The XML 

security is introduced next. Then Soap message 
security is examined closely and implemented. 
To show how SOAPs are ciphered, Security 
tools such as Wireshark were used to monitor 
TCP/IP traffic. Finally, SAML is introduced. 
SAML application in single sing on (SSO) is 
taught and application demonstrated. 

2.8. Final Project 

Class project is to implement a Web Service 
that combines the Web Services offered on ebay 
and amazon.com. Client can access this service 
to compare product prices on both ebay and 
amazon.com. The project snapshot is shown in 

Figure 3. 

Enterprise Rails $29.69 amazon 

SOA Govm~rn Ac~ ~ $3:: !::,,■- --_-_-- ---- - -_ · . amazon 

Sustammg Business and IT Agility , \ -, 

- -

iPrnctice Te-st for actuarial SOA $25_99 i ' ebay 
!Exam FM/CAS Exam 2 , i 

A~=s: Mam.rufot SOA ·:_ c. 55.0 i_ ebay 
Exam ).ffE & CAS 3F Exam l~J. ' 

r~- - :-·~-- --

Figure 3. Final project: Shopping Service 



3. Coodusoo 

In Fall 2008, a brand new approach was used 
to the course. A Web Service text book was 
adopted. The book covered in detail and in an · 

easily understandable way from tiered 
an;hitecture; middleware, 00 design to modem 
web _ services. To the author's opm1on, 
engineering technology students tend to learn 
better via practical projects. It is often preferable 
that courses in engineering technology program 

have practical projects. Since modern 
technology often outpaces the published 
teaching material in project design, it requires 
the instructor to be innovative and hardwqrking 
to develop his own. 

Matching projects were designed to help 
student understand the theory and to develop 
skills that can be used toward real world work 
after graduation. The project design · was _made 
possible due to modern advances in java 
application server - glassfish application server. 
The glassfish server is a powerful application 
server supports almost all modern web services 
.technologies and security implementations. The 
server's integrated with a GUI IDE - Netbeans 
IDE is rich in libraries and plug-ins that support 
GU I style web programming. It is now possible 
for our student to -develop comp I icated 
client/server application relatively easily and 
rapidly.- In the future, the author is aiming to 

design more practice on Web Servic~ security 
· · features. 

The class' success has been teflected in both 
course objective and student's feedback. The 
course is now a required course for our IT 
program and elective _to computer science and 
engineering program. 
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INTRODUCTION 

Lying is pervasive. It seems that while humans 
are not the only primates to deceive, they do 
have the unique intelligence and language skills 
to construct lies. As a result, the fine art of lying 
can be an effective strategy used to gain wealth 
and security, to build social status, or even to 
attract a mate. Lying can be very effective 
because most humans are not very good at 
deciphering lies from truth-telling. (Persaud, 
2005) Lying and getting away with it also are 
pervasive in the business environment. For 
example, 40-70% of individuals have 

· exaggerated on their resumes while only 36% of 
businesses have fired an employee after 
uncovering a lie on the resume. (Wood, 
Schmidtke, and Decker, 2007) However, most 
people are genuinely reluctant to lie or deceive 
when they feel it will result in serious harm to 
themselves or others. (Aquino and Becker, 
2005) 

The purpose of this two-part paper is to examine 
lying behavior in the business .environment. Part 
I provides a definition and classification of lies 
as well as a discussion of the increasing use of 
lying in the business environment. Thereafter, 
the when of lying behavior is addressed. In Part 
II, the why of lying behaviors is presented, 
followed by the results of lying and specific 
strategies that individuals use to neutralize the 
effects of lying behavior. The next section of 
Part II examines how to detect a lie and presents 
the most difficult lie to detect, self~deception. 
Then, Part II ends with a discussion of how to 
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build honesty in a business organization, 
followed by a conclusion. 

WHAT ISA LIE? 

"There are three kinds of lies: lies, damned lies, 
and statistics. " 
-Mark Twain 

Very simply, a lie is an untruthful statement with 
the intention to deceive and gain self benefit 
from the lie such as maintaining a secret or 

, reputation, protecting someone or something, or 
avoiding punishment. The intention in this 
untruthful statement is to have it taken as the 
truth by someone else regardless of whether it is 
an oral, written, or implied statement or 
incomplete statement. Or, stated more precisely 
by Gneezy (2005, 386), a lie is "a successful or 
unsuccessful deliberate attempt, without 
forewarning, to create in another a belief that the 
communicator considers to be untrue in order to 
increase the communicator's payoff at the 
expense of the other side." Along the same vein, 
Butler and Burgoon (1996, 113) have noted that 
lying and deception are "a sender's knowingly 
transmitting messages intended to foster a false 
belief or conclusion in the receiver." Or, as 
noted by White (2000, 12), "Lying is a 
deliberate attempt not only to conceal, but to 
conceal well." DePaulo, DePaulo, Tang, and 
Swaim ( 1996, 3 77) have defined lying as 
"intentionally conveying an impression that the 
communicator believes to be false." That is, 
lying is an intentional act that does not require 
an overt statement or act by the communicator. 
To this end, lying can include impression 



management, failure to correct, and silence. 
(Wood, Schmidtke, and Decker, 2007) 

Lying also can be defined from a legalistic point 
of view. That is, common law fraud requires 
five simple elements: (1) false representation of 
a m_aterial fact, (2) knowledge or belief as to its 
falsity , (3) intent to induce the other party to lie 
on the ·representation, ( 4) justifiable reliance by 
the injured party, and (5) damage or injury to 
the innocent party. Based on the strictness of 
this definition, it may be interpreted that it is 
illegal to lie when bargaining, something of 
great interest in the business environment. 
(Adler, 2007) 

While concealed deceit is the core of a lie, lying 
does go by many names: bald-faced lie, lying 
by omission, lie-to-children, white lie, noble lie, 
lie of necessity, emergency lie, evasion, perjury, 
slander, misrepresentation, half-truth, bluffing, 
misleading, dissembling, false excuse, 
exaggeration, incomplete data, stretching the 
truth, expense report padding, bragging, false or 
misleading research, media deception, 
nondisclosure, underestimating costs, 
manipulating financial statements, incomplete 
databases, self-defense lie, false excuses, 
justification for inequities, and an inconvenient 
or political truth covering issues such as . 
pollution, sweatshops, high gas prices, poverty, 
sickness, and death. ("Lie," 2008; Reeves, 
2006; Mann, Vrij, and Bull, 2002; Adler, 2007; 
and Hsieh, 2004) 

Lying can take many forms and it can occur at 
. . the minutest level of detail. To demonstr_ate this 

point, a very specific example of lying can be 
seen in criminal identity deception. Wang, 
Chen, and Atabakhsh (2004) have found that 
criminals lied by misspelling their name, using a 
name with a similar pronunciation, false 
abbreviations and add-ons, changing the middle 
iriitial, swapping the name, using a partly 
missing name, or using a deceptive name. In 
terms of residency, they deceived on the street 
number, street direction, or the street type. Date 
of birth often was modified as we11 as 
identification numbers such as social security 
number. 
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According to Gneezy (2005), three perspectives 
are useful in understanding a lie: moral , 

· economic self benefit alone, and self benefit 
weighed against ·cost to others. · In the first, lying 
can be viewed from a moral , normative 
perspective such a ."To me, however, it is 
certain that every lie is a sin ... " (St. Augustine) 
or "Thou shalt not bear false witness .. . " (Bible, 
Exodus 20:2-17). Kant ( 1787) also has voiced 
this uncompromising moral stance against lying. 
According to the second perspective, a lie will 
be told if it is economically beneficial , that is, 
·one will act selfishly while being unconcerned 
about the well-being of others if it is beneficial 
to the-liar's self-interest. In the third 
perspective, lies will be told if they are useful in 
that benefits will be weighed against harm and 
happiness against unhappiness. This is 
exemplified by Martin Luther, "What harm 
would it do, if a man told a good strong lie for · 
the sake of the good and for the Christian 
church ... a lie out of necessity, a useful lie, a 
helpful lie, such lies would not be against God, 
he would accept them." In support of this 
perspective, Gneezy (2005) has found that 
people.generally care about their own gain from 
lying and also about the harm that lying may 
cause the other side. He also found that the 
average person prefers not to lie particularly 
when it increases the liar' s payoff a little and 
reduces the other's payoff a great deal. 

Based on these perspectives, Gneezy (2005) has 
classified lies into four major categories: . 

1. Lies that help both sides or, at least, do 
not-harm anyone, e.g.; the white lie "you 
look good today" · 

2. Altruistic lies that help the other person 
even if it harms the liar so that the 
overall total result may be enlarged 

3: Lies that do not help the liar but can 
harm both sides Of at least the other 
person, e.g., spiteful reaction to unfair 
behavior · 

4. Lies that increase the payoff to the liar 
and decrease the payoff to the other 
party, that is, a cost-benefit relationship 
between the deceiver's gain and the 
other's loss 



As witnessed in these perspectives and 
classifications, lies are constructed: what is lied 
about, content of the lie, how the lie is told, to 
what specific audience, and the intended result. 
Lies also are continually negotiated or crafted, 
i.e., whom to tell, how much to tell, whom not to 
tell, timing, degree of distortion and 
imagination, forms of concealment, the 
imagined power and reception of a specific 
version of events, the crafting to make them 
sound true, and the collusion or secrecy to 
maintain the lie. It is interesting to note that 
even the bother to construct a lie can signify the 
worth or significance of the content or situation 
of the lie, that it, it is important enough to go to 
the trouble of lying. In general, lying can be 
constructed to give a charged status to the 
information or situation. Additionally, lies often 
are constructed from private experience which 
becomes a strategy wherein stories are circulated 
making them into experience for others and end 
up b·eing validated with "it happened to me, 
too." (White, 2000) 

LYING SEEMS TO BE INCREASING 

"He who permits himself to tell a lie once, 
finds it rruch easer to do it a sroJnd and third 

firm, 
till at length it becomes habitual. " 

- Thomas Jefferson 

American cult~re in general is supportive of the 
truth (Snell, 2005). However, few people can 
make it through a typical day without lying 
(Adler, 2007; Greengard, 1997). More 
specifically, workers are being tempted to lie 
more often because they are being pushed harder 
than ever with downsizing, lower profit margins, 
intense ·competition, high pressure sales, and 
longer work weeks. Also, traditional attitudes of 
trust and loyalty seem to be deteriorating. The 
end result is that while companies want to do the 
right thing, unethical behavior abounds. One 
study found that 56% of all workers feel some 
pressure to act unethically or illegally. An 
astounding 48% of employees actually had 
engaged in an unethical or illegal act in the last 
year, typically by cutting comers or quaiity, 
covering up incidents, abusing or lying about 
sick days, deceiving customers, lying to a 
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supervisor or underling, or taking credit for a 
colleague's ideas. Some 60% of workers felt 
more pressure now than five years ago to do 
something unethical or illegal. (Adler, 2007) 
And, 75% of subjects in one study of lying 
behavior confessed that they would lie again if 
given the chance (Lindner, 2008). 

According to McConnon (2007) and the latest 
biennial survey of the nonprofit Ethics Resource 
Center, some 25% of surveyed U.S. employees 
said that they had observed their company or 
colleagues lying to customers, suppliers, 
workers, or the public. This was up from 19% 
in 2005. They also found that industries most 
likely to bend the. truth were hospitality and food 
(34% of employees observed falsehoods); arts, 
entertainment, and recreation (34%); and 
wholesalers (32%). 

According to Wang and Kleiner (2005), the top 
three major forms of employee dishonesty 
include ( 1) top management fraud, (2) worker 
compensation fraud, and (3) employee lying 
and theft. Top management fraud often exists 
'because of loose control systems, self interest, 
and higher risks and competition in a changing 
environment. American businesses lose 
approximately 6% of revenues to employee 
fraud which does not include unethical 
employee conduct such as false resume 
credentials, lying about criminal records, 
stealing, running a competitive business on the 
side, covert effects of substance abuse, or 
robbing employers of time, productivity, money, 
or reputation. This is so pervasive that it is 
estimated that 30% of all business failures are a 
direct result of employee theft and dishonesty. 

In the business environment, salespeople often 
have a negative reputation for not telling the full 
truth. For example, they may lie about 
nonexistent services, over promise benefits, or 
over exaggerate the company's capabilities. In 
addition, they sometimes lie about products, 
output, reliability, and price. That is, 
salespeople may try every trick in the book to 
get a sale, and may feel justified in attempting to 
deceive. If a client catches a seller lying, it often 
has significant consequences such as a 
disillusioned customer that goes to the 



compet1tt0n. (Cummings, 2005) However, 
salespeople are more likely to lie to some 
stakeholders than to others. For example, the 
possibility of lying to a customer or a channel 
partner is considerably higher than lying to their 
own company. In addition, the likelihood of a 
seller lying to a competitor is much greateL 
(Ross and Robertson, 2000) 

In addition, Shellenbarger (2005) has found that 
the number of job applicants reporting false 
academic credentials hit a three-year high with 
some 12% of resumes containing false 
information. In a .related and more recent study 
of the most conservative estimates of human 
resource managers, 25% of all resumes were 
found to contain significant lies (Adler, 2007). 

However, employees also are lying more about 
their personal concerns and family time, For 
example, employees calling in sick have hit a 
five-year high with three-fifths of these 
individuals not being sick at all. In general ,' 
these "sick" days are used to tend to personal 
needs, family emergencies, or just plain 
entitlement "I deserve a day off." More 
employees are stretching the truth about taking 
time off, even claiming that a cold warrants 
medical leave. This sense of entitlement seems 
to be growing, particularly among the younger 
gene-ration. With complex lives, workers want 
to save face overall rather than jeopardize their 
careers. Some additional area~ in which 
employees use lying behaviors include using 
personal software on company computers such 
as personal banking and calendar software, 

· · stretching expense accounts, pilfering office 
pens and legal pads, and stretching revenue 
forecasts. (Shellenbarger, 2005) 

WHEN PEOPLE LIE 

"People never lie so much as after a hunt, 
during a war or before an election. " 

- Otto von Bismarck 

People lie in both official and unofficial 
circumstances. In workplace deception, official 
lies are often needed and a fundamental part of 
the job. For example, a workplace may require 
covert surveillance, access to confidential 
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records, shredding or falsifying records, or 
working with fellow colleagues to learn about 
others' personal lives. This deception may even 
require detailed fictional biographies, rehearsed 
performances, and necessary improvisation, e.g., 
secretaries falsely ~_pvering for their bosses. 
More specifically, a survey of U.S. and 
Canadian secretaries found that 58% have lied 
aboyt their boss's location, 27% have notarized 
a document without witnessing the signature, 
12% ·have seen the official minutes of corporate 
meetings changed, and 10% have removed or 
destroyed damaging information. (Sharpe, 
1998) 

Unofficial deception typically is learned or 
spread through informal social networks and 
gossip rather than manuals and formal training. 
Unofficial lies may take the form of misleading 
financial reports, false promises to colleagues, · 
covering up and blaming others for mistakes, 
showing outer respect for supervisors while 
covertly undermining them, back stabbing, and 
goofing off while pretending to work. That is, 
lying can be a form ·of social currency or power 
used to create a positive image and impression 
management. In general, it appears that some 
deception is necessary and that employees 
cannot live by the rules alone. However, to 
justify this unofficial deception, employees often 
blame superiors, colleagues, abstract 
organizational principles, and external market 
pressures. (Perina, 2002) 

While most people are basically honest, people 
tend to not be completely honest or completely 
dishonest.- They range somewhere in between 
and choose when to lie. In general, ethical or 
fully moral individuals never lie because they 
experience infinite disutility from lying. On the 
other ·hand, economic individuals are willing to 
tell any lie necessary to m~ximize wealth 
because they experience no disutility from lying. 
These individuals typically are honest for all 
payoffs below their personal disutility threshold 
and lie to maximize wealth for all payoffs at or 
above the threshold. (Gneezy, 2005) 

In essence, people make choices about lying 
based on how much there is to gain. However, 
they also generally care about how much the 



other side loses. The unselfish motive 
diminishes as the potential gain increases. For 
example, the used car dealer may not lie about 
the brakes but may not tell the whole truth about 
the air conditioner. In addition, people are more 
accepting of fraudulent behavior by individuals 
rather than corporations because corporations 
can cause more damage. Also, people are more 
accepting of employee lies than employer lies 
and are more apt to deceive companies rather 
than individuals, e.g., insurance company. 
(Gneezy, 2005) 

Even though lying is based on gain, individuals 
will make unique adjustments to their lying 
behavior. For example, individuals apply 
specific criteria when deciding whether to lie, 
that is, people have non-consequential 
·preferences in which they may treat the same 
monetary outcome differently given the process 
leading up to it. These preferences are weighed 
differently by different individuals. For 
example, if you do not trust someone or if 
someone is rude to you, you may be less willing 
to negotiate on a price concession. Also, the 
willingness to punish an unfair action is 
sensitive to whether this action was preceded by 

. a deception. In a situation where there is this 
preceding deception, the situation may tum 
counterproductive and result in even more lies. 
(Gneezy, 2005) 

In business sit~ations, people sometimes lie 
purely for their own benefit. However, often 
there are competitive and social pressures or 
precursors that increase lying behavior. People 
in identical situati_ons vary in their individual 
propensity to lie. In business bargaining 
situations, nearly all people lie: However, only 
some people lie when faced with mildly 
conflicting expectations. Because people need 
to rationalize their lies,- organizational cultures 
promoting honesty seem to drive lying 
underground rather than reducing it. (Grover, 
2005) 

Only three out of 10 people think that business 
leaders can be trusted to tell the truth (Reeves, 
2006), with only the government ranking lower 
than corporations in perceived trustworthiness 
(Greengard, 1997). Most likely, this is because 
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there is often a fine line or even a gray area in 
business truth telling. For example, when 
should a company offer full disclosure in terms 
of its financial situation or if a product is faulty. 
Business leaders often have to tell the truth 
selectively and consciously with a degree of 
confidence in their decisions that is far from the 
accurate reflection of their actual views. This 
seems to require that business managers both 
respect the truth and recognize that honesty is 
not always the best policy. Interestingly, leaders 
often get caught in the lie based on the story 
about the event rather than on the event itself. If 
the facts are inaccurate, the leader is usually 
alright. However, if there is intent and lack of 
integrity in lying, then there is usually 
retribution. (Reeves, 2006) 

Another business example of when individuals 
lie is on resumes or job applications. It is 
estimated that between 40-70% of individuals 
exaggerate on their resumes (George and Marett, 
2004). Approximately 30-40% of background 
checks revealed that applicants misrepresented 
themselves, typically in education, job history, 
'job responsibilities, job titles, and compensation 
(Babcock, 2003). Some 44% of applicants lied 
about work histories, 41 % lied about education, 
and 23% even lied about credentials or licenses. 
In fact, a majority of graduating seniors felt that 
managers expected a degree of exaggeration on 
resumes, e.g., omitting a job held for a short 
time or misstating the number of employees 
supervised. (Wood, Schmidtke, and Decker, 
2007) 

The increase in lies on resumes is interesting 
given that more companies are conducting 
background checks and detecting these sorts of 
resume lies. About 36% of businesses fired an 
employee after uncovering a lie on the resume, 
the remainder did not. Wood, Schmidtke, and 
Decker (2007) found that human resource 
professionals were actually more likely to hire 
individuals who had misrepresented information 
on their applications. The type or degree of the 
lie and the relevance of the information to the 
job expectations are important to the recruiter. 
To counteract for resume lying, the recruiter 
may end up needing to adjust for the size of the 
applicant pool particularly in times of low 



unemployment as well as adjusting for the 
thinking that questionable ethics is part of the 
business world. 

One aspect of resume embellishment is that 
everyone does it. Ultimately, all candidates who 
bother to lie will make a rise from the lying. 
However, it does appear that some individuals 
are better liars or embellishers than others. 
Hence, the really good candidates still are likely 
to come out on top. In accordance, resumes may 
be better used to qualify candidates than to 
select candidates and more candidates should be 
interviewed before making a selection. 

. . (Marcoux, 2006) 

While lying generally is thought of as bad in• the 
business environment, it appears to be tacitly 
and tactfully expected. In particular, lying 
seems to enhance the climb up the corporate 
ladder as well as provide some amusement or 
entertainment for the business environment 
rather than a truth-faden environment that may 
be more tedious and fractious. Not all 
employees who cheat, steal, or lie are fired, it 
basically depends on how valuable they are. 
Finally and just like everyone t;)se, it seems that 
even business people like to answer the benign 
"Fine" when asked how they are. (Righton, 
2006) 

Business bluffing is an important aspect of the 
business environment. As in po_ker and Risk, 
many individuals expect and reason moral 
acceptabiiity in business bluffing. This 
acceptance is based on three claims: ( 1) . various 

· ·roles make certain questionable acts permissible, 
e.g., lying while bartering over the price of a car; 
(2) various roles also can make permissible acts 
be impermissible, e.g., telling someone bad new; 
and (3) various roles may make acts obligatory 
that would otherwise not be obligatory, e.g., 
managers abiding by fair treatment and 
employment laws. As such, certain roles allow 
for business bluffing because the participants 
endorse the practice, and the notion that 
negotiations presuppose that bluffing is allowed. 
(Varelius, 2006) 

Some business people feel strongly that honesty 
is not the best policy and that lying or 
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conveniently stretching· the truth is just a normal 
part of business. After all, one has to "sell" 
oneselfto get the job and often that may include 
taking credit for others' work in order to get 
approval or promotion. Research suggests that 
in an average I 0-mL11ute business conversation, 

·most peopl.e will tell a lie 2.9 times, often using 
"always,'' "never," "nobody," or "everybody" to 
distance them from the lie. Careerbuilder.com 
found that 1 9% of workers ribbed at work at 
least once a week with 26% using it to appease a 
customer, 13% using it to cover up a mistake or 

.missed deadline, 8% to cover up being late or 
absent, and 5% to look better in front of a boss 

. or coneague. (Reynolds, 2006) 

Biever (2004) found that p~ople are twice as 
likely to tell lies over the phone as compared to 
email. Most likely, this is because an email is a 
traceable record and an individual could be held · 
accountable. Also, people are more likely to lie 
in real time rather than if they have time to think 
of a response. That is, many lies are 
spontaneous responses to an unexpected 
demand. 

Individuals lie to a fairly significant degree 
when marketers request information from them 
over the Internet. They lie more about 
identifying and sensitive information. It appears 
that consumers weigh the perceived cost of 
disclosure against any benefits they might 
receive from that disclosure. (Horne, Norberg, 
and Ekin, 2007) 

As a Ja·st set of varying comments regarding 
when people lie, subjects were reported to lie 
30-50% of the time on topics including their 
feelings, actions, plans, and whereabouts·. 
College students admitted that at least 70% of 
their excuses for missed assignments are lies 
(Perina, 2002). Some 60% of newly introduced 
individuals lie to each other within minutes to 

· create the right impression, with dating co·uples 
apparently lying even more. People lie less to 
their significant, others most likely because they 
have more invested with them and hence more 
to lose (Lindner, 2008). Also, lying behavior 
starts as early as age three or four. (Adler, 2007) 



CONCLUSION 

The purpose of this two-part paper has been to 
examine lying behavior overall and particularly 
in the business environment. Even though most 
people do not like to lie and are basically honest, 
lying in the business environment still is 
pervasive. The explanation supposedly is that 
since fiascos like Enron and WorldCom, 
businesses are focusing more on compliance 
with the law alone rather than building cultures 
where lying is not tolerated (McConnon, 2007). 
However, employers can use preventive steps to 
build an honest and satisfactory work 
environment. Part I of this two-part article 
begins by defining what is a lie. Next, a 
discussion of the increasing use of lying is 
provided. Thereafter, when people lie is 
addressed. In Part II, why people lie is 
examined as well as certain rewards and costs 
for lying behavior. Neutralization strategies for 
bala·ncing costs and rewards were presented 
along with how to spot a lie, and the most 
difficult lie to detect, self-deception. Part II is 
concluded with a section on how to build 
honesty. Even though lying is common, it is 
useful and hard to detect. So, if you do not 
fancy the whole truth and nothing but the truth, 
just remember "You can fool all the people 
some of the time; you can even fool some of the 
people all of the time; but you can't fool all of 
the people all the time." (Abraham Lincoln and 
P.T. Barnum) . 
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INTRODUCTION 

Lying is pervasive. It seems that while humans 
are not the only primates to deceive, they do 
have the unique intelligence and language skills 
to construct lies. As a result, the fine art of lying 
can be an effective strategy used to g'ain wealth 
and security, to build social status, or even to 
attract a mate. Lying can be very effective 
because most humans are not very good at 
deciphering lies from truth-telling. (Persaud, 
2005) Lying and getting away with it also are 
pervasive in the business environment. For 
example, 40-70% of individuals have 
exaggerated on their resumes while only 36% of 
businesses have fired an employee after 
uncovering a lie on the resume. (Wood, 
Schmidtke, and Decker, 2007) However, most 
people are genuinely reluctant to lie or deceive 
when they feel it will result in serious harm to' 
themselves or others. (Aquino and Becker, 
2005) 

The purpose of this two-part paper is to examine 
lying behavior in the business environment. Part 
I provides a definition and classification of I ies 
as well as a discussion of the increasing use of 
lying in th~ business environment. Thereafter, 
the when of lying behavior is presented. In Part 
II, the why of lying behaviors is presented, 
followed by the results of lying and specific 
strategies that individuals use to neutralize the 
effects of lying. The next section of Part II 
examines how to detect a lie and presents the 
most difficult lie to detect, self-deception. Then, 
Part II ends with a discussion of how to build 
honesty in a business organization, followed by 
a conclusion. 
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WHY PEOPLE LIE 

" 'Like it or not, individuals are willing to 
sacrificea1ittleof alrros anything 

we care to narre, eitm reputation or ,mrality, 

for a 9Jfficimtly large quantity of otha- des roo 
things ... ' 

That is, whm push comes to shove, eita-y man 
and e;a-y womm isa willing prositute. 

Eva-ythi ng, e;a-yone, e;a-y value, and eita-y 
situation has its price. " 

- Jensen and Meckling ( 1994) 

People on average tell three lies for every 15 
minutes of conversation (Bartolini, 2004). 
Accordingly, it seems indisputable that 
individuals lie. As noted by Smith (2004, 15), 
"Lying is not exceptional; it is normal, and more 
often spontaneous and unconscious than cynical 
and coldly analytical. Our minds and bodies 
secrete deceit." So, it becomes a matter of better 
understanding lying behavior, that is, why 
people lie. As one might expect, people lie for 
many reasons. The following list includes the 
major reasons why people lie: 

1. People lie because they like to lie, to 
mislead. In general, they may like it 
because it provides a sense of power or 
pleasure for them. At the same time, 
however, they must be good at not being 
misled themselves, e.g., one would not 
expect full disclosure at the flea market 
or used-car lot. A pathological liar 
might be an example of this type of liar, 
but to a very severe degree. (Adler, 
2007) Also, these individuals may tell a 
lie because they get away with it once 



and never come to any harm. However, 
it appears that lying and getting away 
with it will lead to more lying. So, it is 
a chat lenge to the I iar to see whether or 
not he can get away with lying (Jensen, · 
Arnett, Feldman, and Cauffman, 2004). 
In the beginning, the liar considers 
whether to lie but eventually will lose 

· the earlier ability to even consider it 
and, in the process, the lying will 
become automatic. (Damton, 1989) 

2. Individuals lie to gain an advantage over 
an opponent or another individual. This 
often takes .the form of evasion or 
omission, e.g., the oil company not 
telling the farmer that it wants to buy his 
land so that the price will stay low. To 
gain an advantage, liars often will 
change the subject or answer questions 
that have not been asked. (Adler, 2007) 
Another example of this is when 
individuals lie for strategic advantage 
about planned actions or intentions. · 
This type of lying often takes the form 
of extreme active misrepresentation as 
opposed to omission. The 
misrepresentation may,be via 
agreements, statements, or non
statements that in and of themselves 
have little or no direct costs. In this 
situation, the two parties have 
predominantly conflicting interests that 
benefit the deceiver at ~he expense of the 
deceived. (Crawford, 2003) 

3. People lie to achieve and justify a 
particular end result such as self
enhancement or minimizing conflict. 
For example, individuals may lie to 
support a larger good, e.g. , political lies 
may be in the name of the country's 
overall well-being. (Shulman, 2006) 

4. Individuals lie because it is socially 
advantageous to them. Individuals may 
lie to enhance prestige, i.e. , to get a 
more active social calendar or even to 
get a date. The social structure of a lie 
encompasses the relative status of the 
source and recipient of a I ie, the degree 
of social distance between them, an·d the 
status of any third party or supporter and 
their relationship to the principals and 
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among themselves. In particular, 
downward lies may be greater than 
upward I ies, lying may increase with 
social distance, and third-party 
supporters may increase the quantity of 
lying. (Shy.Iman, 2006) Also, lying 
may be used to retain politeness (Talwar 
and Lee, 2002), trust, or vibrancy in a 
relationship. ·or, individuals may lie to 
protect their reputation within the larger 
community as well as within a 
relationship. (Hsieh, 2004) 

5. Individuals lie as a means of self 
preservation. Lying can begin as a 
white lie .and progressively spreads to a 
complex .net that has to be maintained. 
The original lie may be an act of self 
preservation as well as the necessity to 
preserve oneself by maintaining the 
original lie. As such, individuals tell 
lies to keep up the illusion of truth. 
(DeMont, 2003) Individuals may lie to 
preserve positive self-image or the 
illusion of moral goodness. (Hsieh, 
2004) 

6. · Individuals lie to get what they want, to 
benefit themselves, and to avoid 
punishment. For example, children who 
have manipulative personalities often 
are skilled-at telling lies to get what they 
want. Children with a high desire for 
power often lie to achieve their goals. 
These kids were often so good at lying 
that adults were impressed more with 
them than with the honest children. 
(Darnton, 1989) In general, people are 
more apt to lie for their own self 
interest, e.g. , comfort, sex, image, or 
power. In addition, most individuals 
need a positive cost-benefit ratio before 
they lie. (Horne, Norberg, and Ekin, 
2007) 

7. One may I ie to break or neutralize 
tyrannical omniscience or omnipotence. 
That is, lying is used to excuse ourselves 
from a situation, to get away, or to 
escape. For example, when a child lies, 
he may feel that the tyranny of parental 
approval is broken and then lie again to 
continue to assert the new found 
freedom. The child needs to be a 



separate individual and may use lying as 
a means to this end. Also, one may lie 
to get out of trouble. Fear of 
disapproval and incarceration seem to 
account for quite a few lies. (Darnton, 
1989; Hsieh, 2004) 

8. Individuals lie because deception is 
necessary and we could not live without 
it. (Shulman, 2006) That is, it seems as 
if life demands lying behavior. Some go 
so far as to argue that lying is a natural 
phenomenon serving a useful and 
necessary function in everyday life. 
(Hsieh, 2004) At the least, individuals 
live simply to conform and survive. 

9. People may lie based on purely legal 
grounds that avoid the moral 
implications of one's conduct. That is, 
the lie is alright because it ~snot illegal, 
regardless of the moral aspects of the 
lie. (Shulman, 2006) 

· l 0. A lie may be better to tell because the 
truth can be spitefully difficult or 
painful. So, we tell our colleagues that 
they look great rather than say 
something mean or negative. (Damton, 
1989) 

l 1. Lying a lot may actually be a warning 
sign asking for help and attention. For 
example, children who are being treated 
for psychological problems lie about 
three times as much as well-adjusted 
kids. (Damton, 1989) 

12. Individuals may lie in order to maintain 
their privacy and to shield against 
awkward and inappropriate revelations 
of private thoughts and actions (Hsieh, 
2004) or disclosures of personal 
information (Home, Norberg, and Ekin, 

- 2007). 

RESUL TSOF LYING AND 
NEUT RALi ZATI ON STRATEGIES 

"Truth is the safest lie. " 
- Jewish Proverb 

Being caught at lying can result in a number of 
unpleasant results such as distress, denial, guilt, 
shame, reduced social desirability, losing trust, 
retribution, being fired or demoted, 

297 

Proceedings of the 2009 IEMS Conference 

incarceration, or exclusion. Meltzer (2003) lists 
the following unfavorable outcomes of human 
deception: ( 1) adverse effects on both trust and 
cooperation, (2) misgivings about one's 
personal worth, (3) possible undermining of 
institutions, and ( 4) suspicion, betrayal, or 
ostracism. 

Positive effects of lying may include ( 1) 
avoidance of a an unwise or tedious environment 
of "total honesty," (2) provision of ideological 
support, (3) maintenance of social bonds, and 
( 4) facilitation of research on criminals and 
deviant groups. (Meltzer, 2003) An additional 
positive benefit may be to learn how to 
apologize and fo~give (Kerfoot, 2007). 

Because lying generally is perceived as deviant 
and unethical, getting caught at telling a lie can 
threaten a person's moral and competent self-
i mage. In order to maintain a positive self
image, the liar often participates in 
neutralization strategies meant to legitimize 
deviant behavior and reduce intra-psychic 
distress. Some of the neutralization strategies 

· include denial of responsibility, denial of injury, 
condemning the condemners, appeal to higher 
loyalties, denial of the victim, rejection or 
redefining of norms, deflecting comparisons, 
redefining the behavior, changing perceptions of 
behavior, minimizing the lie, denigrating the 
target, and denial. (Aquino and Becker, 2005; 
Sykes and Matza, 1957; and Robinson and 
Kraatz, 1998) 

HOW TO DETECT A LIE 

"No mortal can keep a ::rerd. If his lips are 
sl81t, he chatters with his fingertips; 

betrayal oozes out of him at every pore. " -
Sigmund Freud 

There is an immense 1 iterature and Internet base 
of ideas and materials that can be used to better 
detect a lie. For example, in law enforcement, 
Vrij (2000) noted three ways to detect lies. The 
first is to observe the liar's non-verbal 
behaviors, body movements, emotional 
expressions, facial expressions, and vocal 
characteristics. There appear to be automatic 
links between emotions and non-verbal 



behaviors. The second way to detect a lie is to 
analyze verbal characteristics including negative 
statements, plausible answers, irrelevant 
information, over-generalized statements, self
references, direct answers, and response length. 
Some verbal criteria are more likely to occur in 
false rather than in truthful statements, for 
example, taking longer pauses. Two popular 
instruments for detecting verbal cues are 
Statement Validity Assessment (SY A) and 
Reality Monitoring. The third way to decipher 
the truth is to examine physiological responses 
including blood pressure, heart rate, palm 
sweating, and respiration. The polygraph is an 
instrument for detecting physiological clues. 
(Wang, Chen, and Atabakhsh, 2004) It is 
interesting to note that politicians and lawyers 
often are judged to be among the best liars 
because they can neutralize their body language 
and silence their gestures (Reynolds, 2006). 

Some of the more specific behaviors of liars 
may include blinking less, tenser or high-pitched 
voices, restrained movement, fi II their speech 
with pauses, lying takes longer, make fewer 
speech errors, and rarely back track to fill in 
forgotten or incorrect details. (Lock, 2004; 
Walczyk, 2005) Abrupt subject changes and 
being overly defensive also may signal lying. 
To ferret out the truth, one.can repeat the 
question and ask the liar to reword their answer 
to see if the listener can catch any · 
inconsistencies. (Domingo~ 2008) 

No matter how good the liar is, the body seems 
to still rebel against the lying. Given that 90% 

· ·of lies are accompanied by "tells," this is a · 
useful technique for deciphering a- lie. A ''tell" 
refers to signals that players unintentionally give 
off as in poker to conceal their cards. To be 
good at reading a "tell," one has to be able to 
hide one's feelings and to read people by 
observing their behaviors and listening to what 
they say, particularly between the lines. 
(Reynolds, 2006) 

However, Mann, Vrij-, and Bull (2002) have 
debunked the notion that there is a typical 
indicator of deceptive behavior. At the very 
best, there may be minor indicators such as 
longer pauses and blinking less when lying. 
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Their conclusion is that' there is no universal or 
easily readable sign of lying. (Adler, 2007) 

One of the surest ways to detect lying is to 
establish a base level and then watch for 
departures from that .base level. Liars are more 
·apt to be lying at the points of departure from 
their base or normal behavior. So, if their eyes 
always are shifty, then one would not use that as 
a signal of lying because it is part of the base 
reading. ("How to Tell If Someone Is Lying," 
2008) There typically are clusters or patterns of 
.departure from the base reading that signal 
deception (Potter, 2004; Jaeckel, 2007). 

Another method for detecting lying is Neuro
Linguistic Programming (NLP) that looks at 
eye-accessing cues to see if.someone is 
constructing or remembering information. In 
construction, the eyes go to the left and in 
remembering, the eyes go right. ("NLP, Eye 
Accessing Cues", 2008) So, if one is lying, the 
eyes are apt to go to the left. 

Trained professionals rarely do better than lay 
observers at deciphering a lie. (Adler, 2007) 
However, Persaud (2005) is studying how 
"wizards" or those with the best rates for 
spotting lying behavior are detecting the 
presence of deception. Earlier findings are 
being reconfirmed in that fleeting facial 
expressions leak emotions such as anger or guilt 
and are key indicators of lying. The "wizards" 
are able to spot micro-expressions which may 

_ last less than 1/5 of a second. As such, they can 
detect the nuances of facial expressions. 
Persaud (2005) also found that those with higher 
self-awareness were better deceivers. 

So, detecting a lie can be very difficult. The 
Editor·of eHow Relationships and Family 
("How to Know If Someon~ Is Lying," 2008) 
suggests the following proposed formula for 

· knowing if someone is lying: 
1. Look for body language that might 

indicate someone is lying. 
2. Listen for inconsistencies in what the 

person tells you. 
3. Notice if the person defensively or 

steadfastly· resists answering any 
questions. 



· 4. Notice if the person projects on to you 
and accuses you of lying or being 
deceitful when you really have not been. 

5. Listen to your gut and intuition. 
6. Consider asking directly if the person 

has lied to you. 
7. Try to be understanding and listen to the 

person's reasons for lying. 
8. Look at your possible role in having 

someone I ie to you. 

So, it appears that we can detect I ies, but in 
actuality, people are quite incompetent at 
detecting a lie, with odds that rarely exceed 
random choice. Ironically, liars will read about 
these methods for catching a liar and then 
practice these methods to get better at lying and 
to throw their pursuers off track. (Adler, 2007) 

THE HARDEST LIE TO UNCOVER 

"The most common lie is that which one lies to 
hirrmf; 

Lying to others is relatively an exception. " 
- Friedrich Nietzsche 

The most difficult lie to uncover is when one 
also is lying to one self, that is, self-deception. 
In self-deception, one is unconscious of the lie 
and actually believes the lie. So, the lie 
basically is hidden in an unconscious layer of 
the psyche rather than a conscious or semi
conscious layer. The issue is that a conscious· or 
semi-conscious ·tie requires more effort to keep 
the lie hidden. As a result, duping oneself 
makes one a better liar. The unconscious mind 
may be where the deepest lies are hidden with 
the conscious mind being a. social network or 
front maintained to deceive others as needed. In 
that way, when an individual lies unknowingly, 
the signs of lying are apt to be absent, for 
example, no sweaty palms, no fidgeting, or no 
shifting eyes. (Motluk, 2001) 

Self-deception overall also can make one a 
better player. For example, students 
exaggerating their own academic success 
justified such relaxed lying as positive thinking 
and as a wishful tool to improve educational 
success. That is, rather than consider it as telling 
a lie, they are feeling it as a future truth. 
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("Twisting the Truth," 2008) This should allow 
one to "play" better and carry off the bluff. In 
this regard, self-deception can be seen as a 
socially desirable skill. It seems to support more 
effective group work as group work usually 
means suppressing at least some of the interests 
of its members. In addition, not being able to. 
deceive oneself might create a reluctance to 
cooperate. (Motluk, 2001; Meltzer, 2003; 
Anderson, 2003; Williams, 2000) 

Individuals immerse themselves in their own lies 
because it provides them with many be~efits. 
For example, the liar does not need to remember 
multiple stories and can more easily maintain the 
network of logic and contradictions that 
surround the lie. It also is easier for the liar to 
reduce or mask incongruent nonverbal behavior. 
Accordingly, the slippery slope of lies becomes 
more manageable. Additionally, the 
consequences from others for the lying may be 
reduced when the liar believes the lie, that is, the 
liar is given some leeway for owning up to his 
delusion . In the end, however, the lie becomes 
more robust and durable when it is based on 
self-deception. Self-deception can dull the 
emotional sting and have the effect of white
washing one's morality, preserving one's self
image as a moral and reasonable person. In 
addition, self-deception can spare the 
humiliation of amends, the expense of 
restitution, and the trouble of reshaping our 
character. In this regard, self-deception can be 
seen as a natural, moral, indispensible, and 
maybe even healthy way to maintain positive 
self-image. The downside is that the self
deceived liar often is very unjust in their 
behavior and in their projected judgments of 
others, lies can ooze out in neurotic or 
dysfunctional behavior, and the liar has to keep 
himself numb or unconscious in certain areas of 
his life. (Hsieh, 2004; Meltzer, 2003) 

As an aside in the domain of romantic 
relationship, self-deception is an important 
component of lasting intimate relationship. This 
may have powerful implications for business 
because while not everyone tells lies to 
themselves about their partner's traits, those who 
do are much more likely to have an enduring 
relationship. That is, little white lies to oneself 



about one's partner seem to be effective in 
keeping the relationship together. (Motluk, 
2001) This may have unexplored implications 
for relationship marketing and business 
partnerships. 

Regardless of the context of self-deception, 
plenty of people are narcissistic and have 
convinced themselves that they are·the greatest 
thing since sliced bread. Most people believe 
their own lies and participate in careers that 
traffic these illusions. That is, self-deception 
probably is the norm rather than the exception in 
business. (Liberman, 2004) However, 

. . individuals still will balance their self-deceptive 
self-interest with concern for others (Mintzberg, 
Simons, and Basu, 2002). • 

HOW TO BUILD HONESTY 

"This above all: To Thine Own Self Be True. 
And it rruEJ fol low as the night the day 

Thou canst not then be false to any man. ,, 
- William Shakespeare 

Business people by and large behave honestly, 
particularly in light of the high, price they may 
have to pay for dishonesty. The fact is that the 
impression of dishonest business people is most 
likely to be exaggerated due to Hollywood and 
some . isolated cases. That is, lying and · 
deception often are highly publicized which can 
create an exaggerated impressi~n. Accordingly, 
business people and employers are becoming 
progressively interested in how to build honesty 
in their organizations. (Jehn and Scott, 2007) 

· · Business people are interested in building 
honesty because an economy with honest people 
can generate more wealth than one in which 
people are chronically dishonest. Credible 
businesses and products are more profitable over 
the long run. Credible assurances of business 
honesty can turn potential customers into actual 
customers. (Lee and Mckenzie, 1995) 

The business environment is complex and it is 
not a simple task to e·liminate dishonesty. By 
and large, honest behavior is the rule rather than 
the exception. On the other hand, it is fooli 'sh to 
assume that all business people are honest. It 
appears that lying behaviors in the business 
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environment may be precipitated by accelerating 
corporate change, outdated policies, no code of 
ethics, top executives who create an 
environment conducive to dishonesty, 
overzealous whatever-it-takes attitudes, and 
bosses who do not want to hear the same old 

-excuses ov_er and over. (Shellenbarger, 2005; 
Cummings, 2005) For example, rank and file 
employees are less likely to report -misconduct 
with 44% saying they resist doing so compared 
to 28% for managers. Younger managers with 
three or less years of experience are nearly twice 

. as likely than older managers to feel pressure to · 
violate ethical principles. (Shellenbarger, 2005) 

. Accordingly, it is _important that employers 
create an honest a_nd satisfactory working 
environment of fairness, p(?sitive reinforcement, 
and clear communication. In addition, 
disincentives might include radical audit reform, 
regulation and rotation, stopping abuses of stock 
option and insider trading, a111d harsher 
punishment. (Wang and Kleiner, 2005) 

Various business practices and arrangements can 
be understood as a means of ensuring that sellers 
do honest dealing. The situation with the most 
temptation is probably the one-time transaction. 
So, building an environment of repeat business 
will contribute to business honesty. That is, 
businesses need to .let customers know that they 
are in it for the long term and are not operating 
out of the back of a van. It is good business 
practice to have sellers advertise how long they 
have been in business and the intent of the_ir 

. honest dealings. However, dating a business 
relationship to end at a certain time can 
contribute to a potential breakdown in honesty. 
This goes so far as to include sons and daughters 
in succession to take over the family business. 
So, one important way to build honesty is to stay 
in business ethically over a long period of time 
with no ending date. (Lee ~nd McKenzie, 1995) 

In this way, the business puts its reputation for 
honest dealing into the hands of the customer as 
guaranteed collateral. This works because a 
firm's reputation is very valuable to the 
company. For example, companies spend an 
enormous amount of money to build logo and 
brand identities. Customers grow to see the logo 
as an indication of the company's commitment 



to honesty and ethical business practice. As 
such, a logo is a non-salvageable investment that 
companies put on themselves to penalize 
themselves for the temptation and possibility of 
dishonest dealing. In addition, expensive logos 
and brands tell consumers that the company is 
making money and can well afford the logo or 
brands. (Lee and McKenzie, 1995) 

Long-term contracts also can be used as an 
assurance of honest business practice. A 
contract is more than a promise to not raise 
prices or to maintain quality. Rather, a contract 
is a mutual agreement that binds the seller and 
buyer. In addition, tying repairs and sales 
together can be a useful way to honestly bind 
buyers and sellers together. (Lee and McKenzie, 
1995) 

Adler (2007) offers the following suggestions 
for reducing the use of lying in negotiations: 
establish negotiation ground rules before the 
discussions begin, ask the same questions in 
different ways, ask questions to which you 
already know the answer, include written claims 
in the formal agreement, and use contingent 
agreements or performance bonds. 

People are more likely to lie when rewarded for 
doing so. In addition, performance pressures at 
work lead people to lie about their performance. 
Very simply, managers need to create rewards 
that reinforce the use of honesty and not · 
dishonesty. Also, managers need to be 
conscious of performance pressures be it time 
and resource pressures, conflicting roles within 
the same person and between others, and 
incompatible policies. If a.manager creates too 
much time pressure, an employee may engage in 
deceit particularly when it is involved with merit 
raises, promotions, and bonuses. (Grover and 
Hui, 2005; Wang and Kleiner, 2005) 

Additionally, managers and top executives can 
increase honesty in the workplace by setting a 
good example. Subordinates are likely to feel 
that they can do whatever the boss does. So, if 
the boss lies, then the employees will use that to 
justify their lying. (Darnton, 1989; Wang and 
Kleiner, 2005) 
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Another thing that businesses can do is to train 
employees to disseminate information quickly 
and accurately throughout the organization. 
This will enable customer contact employees to 
access the truth so that they do not make up 
answers or claim ignorance. Employees also 
could be taught to know what responses appe~r 
evasive or deceptive to customers. The more 
customers find the dishonest event to benefit the 
company, the more likely they will be to 
perceive deception even when there is none. 
(Jehn and Scott, 2007) 

"There's been a change in the answer to the 
question, 'What do consumers really want?' 
Yes, consumers want low costs and high 
quality~ value for their dollar - but they 
also want to enjoy the experience of their 
purchase, and they won't if it's tainted by 
fakery, phoniness, and manipulation. 1n a 
world where businesses offer more and more 
deliberately and sensationally staged 
experiences, consumers increasingly choose 
to buy or not buy based on how genuine 
they perceive an offering to be. Authenticity 
is becoming a critical consumer sensibility. 
Executives must therefore learn to 
understand, manage, and excel at delivering 
authenticity. To be blunt, businesses must 
get real." (Pine and Gilmore, 2008, 35) 

Employees in firms with clear and positive 
ethical climates are less likely to lie. An 
environment with clear ethical expectations and 
enforcement of these expectations leads to a 
reduced willingness to lie. As such, ethics codes 
and ethics clarity do have an effect on behavior. 
In addition, there are specific steps a firm may 
take to ·have an effect on employee ethical 
behavior. The first step is the communication of 
ethical clarity. The next step is to manage 
compensation policies and behavioral 
expectations carefully. The last step is to place 
emphasis on the importance of truthful dealings 
with all constituents. Employees are most 
reluctant to deceive their own companies. 
Possibly, there could be mechanisms put in 
place for extending this reluctance to customers, 
channel members, and competitors. In any 
event, companies can have an impact on the 
ethical behavior of their employees. (Ross and 
Robertson, 2000) 



This means that companies must be proactive 
rather than reactive with regard to issues of 
lying. For example, employers can develop 
workplace ethics programs. This might include · 
a handbook, an ethics policy, or a code of 
conduct. One· method is to actually send out the 
policy and have each member sign ·a statement 
attesting to the fact that they have read it and 
understood it. Other possibilities are to 
implement an ethics hotline, ethics office, and 
other places where employees can go for advice 
on ethical issues. A company also can give 
employees an option ofwhistleblowing or 
reporting dishonest behavior anonymously. 
Additional preventive measures might include 
frequent physical inventories, separate book..: 
keeping functions, approval of book-keeping 
adjustments, control check signers, review 
monthly bank statements, tighten petty cash, 
separate buying and book-keeping, watch 
company credit cards, document all expense 
reports, and have a third party refund policy: 
(Wang and Kleiner, 2005) 

One problem area with regard to companies 
lying is that companies aim for strategic 
positions that are not achievable. This may push 
the employees to lie or deceive and force 
customers to view the company as suspiciously 
new and changing. This unreasonable and · 
unachievable strategic position is seen a·s 
unauthentic and can lead to an ~nvironment of 
dishonesty in that roles may conflict and 
newness· may be viewed as fear inducing and lie 
provoking. Pine and Gilmore (2008) suggest 

· · eight principles for maintaining authenticity: ( l) 
study your heritage, (2) ·ascertain market ·and 
industry positions, (3) gauge your trajectory, (4) 
know your limits, (5) stretch your execution 
capabilities, (6) scan the periphery, (7) 
formulate your strategic intention, and (8) 
execute well. 

Of course, one method to build honesty is to 
have more government regulation and 
intervention. · Government has an important role 
in promoting business honesty via adjudicating 
contractual disputes, protecting property rights, 
and prosecuting fraud. However, it is unlikely 
that more government will result in more honest 
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business people. After ·at I, government and 
politicians provide benefits to organized 
interests at a cost to the dispersed and 
unorganized pubfic. For better or worse, the 
most powerful tool for building honesty then 
distills down to the ~mpowered consumer alone 

· with the voting power of the dollar, and not to an 
unsatisfactory political surrogate. (Lee and 
Mc~enzie, 1995) 

In terins of personal ,resumes and company track 
records, the biggest deterrent probably is 

. knowing that if one is 'discovered, one in likely 
to crash and burn in some important way. In 
general, deception often is a pathway to short
term profit but not a policy or activity that builds 
the long-term. Tricking by lying or overstating 
productivity or earnings certainly can cause 
wreckage. Consider, for example, that 
companies have received negative court 
judgments for failure to make a reasonable 
inquiry into employees' backgrounds prior to 
hiring. (Wang and Kleiner, 2005) 

Peer pressure also can be used to reduce 
workplace lying and dishonesty. Once 
employees understand how certain dishonest 
behavior ca,n hurt all of the members of an 
organization, then a social norm, behavioral 
standard, or an informal code of conduct is 
directly established such that informally 
everyone knows how things are done. These 
informal standards and networks will help to 
eliminate difficult people in the first place and 

. troublesome behaviors before they spread. 
(Wang and Kleiner, 2005) 

In an unusual prescription for business honesty, 
Shelala (2008) suggests that eventually each of 
us will be better trained in ESP and more able to 
decipher a lie. When this occurs, people will 
need to be more honest because their chances of 
getting caught will be greater. If this were to 
occur, everything ideally would or could ·be 
known publicly, there would be no secret 
information, crimes would be solved more 
easily, criminals and politicians could be 
monitored, and motives could be understood and 
remedied. (Ryzi, 2008) 



More practically and more precisely, Shelala 
(2008) also suggests the following activities in 
order not to be lied to: 

1. Sit in a higher chair. 
2. Uncross your legs and open your arms, 

as in being open to the truth. 
3. Challenge the liar and ask for minute 

details. 
4. Do not tell them what you do know. 
5. Invade their personal space so that they 

get uncomfortable. 
6. Subtly mimic their posture and 

movements. 
7. Speak in their style and listen to how 

they think. 
8. Give them an out and make_ it easy for 

them to tell the truth. 
9. Stay calm, never surprised or shocked. 

CONCLUSION 

The· purpose of th is two-part paper has been to 
examine lying behavior overall and particularly 
in the business environment. Even though most 
people do not like to lie and are basically honest, 
lying in the business environment still is 
pervasive. The explanation supposedly is that 
since fiascos like Enron and WorldCom, 
businesses are focusing more on compliance 
with the law alone rather than building cultures 
where lying is not tolerated (McConnon, 2007). 
However, employers can use preventive steps to 
build an honest and satisfactory work 
environment. Part I of this two-part article 
begins by defining what is a lie. Next, a 
discussion of the increasing use of lying is 
provided. Thereafter, when people lie is 
addressed. In Part II, why people lie is 
examined as well as certain rewards and costs 
for lying behavior. Neutralization strategies for 
balancing~costs and rewards were presented 
along with how to spot a lie, and the most 
difficult lie to detect, self-deception. Part II is 
concluded with a section on how to build 
honesty. Even though lying is common, it is 
useful and hard to detect. So, if you do not 
fancy the whole truth and nothing but the truth, 
just remember "You can fool all the people 
some of the time; you can even fool some of the 
people all of the time; but you can't fool all of 
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the people all the time." (Abraham Lincoln and 
P.T. Barnum) 
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Abstract 

This proJect describes an industry-academia 
partnership between Morgan State University 
and a major rotorcraft company, Sikorsky 
Aircraft Corporation, to analyze a new · 
manufacturing production process. This paper 
will describe the industry-university partnership, 
the lean six sigma principles used to evaluate the 
existing processes within the system and make 
recommendations to improve the system and the 
use of simulation to visually display the lean six 
sigma recommendations provided. 

1. I ntroductia, 

The industry project with Sikorsky goal is to 
design and develop a simu.lation model of a new 
mixed manufacturing cell using lean 
techniques. Sikorsky has implemented a new 
mixed manufacturing cell ·for the K-45 1 and K-
621 commercial helicopters. ·The process of 
creating ·a new mixed manufacturing cell has 
been a difficult task for Sikorsky. The_ task of 

· · creating a new mixed manufacturing· . cell 
presents problems such as the flow of production 
of the blades due to various factors such as 
employee absences, shipment of parts, and travel 
times of the blades from one station to another. 
These factors wi II be analyzed through three of 
the various lean six sigma principles. 

2. Backwa.md 

In the fall of 2007, Sikorsky Aircraft 
Corporation initiated a partnership with Morgan 

1 The names of the helicopters have been changed 
for disclosure reasons. 

State University department of Industrial, 
Manufacturing, and Information Engineering 

· (IMIE)_: The purpose of the partnership is to 
establish , an industry relationship, allowing 
students to gain industry experience, and 
introduce the importance of applying lean six 
sigma principles in the company. The goal of the 
first corporate project was to introduce
simulation through the simulation software 
called Arena. With success of the H-60 BLACK 
HA WK cell simulation, Sikorsky decided to 
continue the partnership. 

As mentioned 'in the introduction, the 
purpose · of this project is to produce the mixed 
manufacturing cell that will encompass the 
following manufacturing techniques: Lean 
Manufacturing, Six Sigma, and Sikorsky' s ACE 
(Achieving Competitive Excellence) program. 

3. Problem Definitia, 

The objective of this project is to develop a 

simulation to justify a streamline concept to 

· eliminate waste and increase productivity. This 

is achieved by using Lean Six Sigma principles 

along with a simulation model to find the best 

manufacturing process for Sikorsky. 

4. Methodology 
Lean Six Sigma principles are used to 

· provide recommendations for the mixed model 

manufacturing cell. Lean Six Sigma promotes 

quality and customer responsiveness for 

manufacturing and is a business improvement 

methodology to achieve the fastest rate of 

improvement following the . DMAIC 

Improvement Model (Figure 1 ). Lean Six Sigma 
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is ·used in this project to help make 

recommendations for improving the 

manufacturing process of Sikorsky new mixed 

manufacturing cell. 

Lean Manufacturing techniques are mostly 

used in manufacturing environments. The goal 

of Lean Manufacturing is to eliminate waste 

such unnecessary operations, unused inventory, 

equipment, or resources, while maintaining high 

quality customer satisfaction. A successful usage 

of Lean Manufacturing would result in lead-time 

reduction, inventory reduction, defect reduction, 

improved utilization of resources capacity, 

delivery rate improvement, productivity 

increase, and cost per unit reduction [ l]. In 

order to achieve these type of results Lean 

techniques such as Kaizen, total , productive 

maintenance (TPM), Kanban system, and Just

in-time (JIT) pull system, along with value chain 

for excellent customer satisfaction [ 1]. 

Six Sigma, like Lean Manufacturing, is used 

for improvement but in a business environment 

through a statistical approach. Six Sigma goals 

are to increase capability and eliminate variation 

in processes, thus reducing product and service 

defects. Six Sigma uses an improvement model 

called DMAIC (Define Measure Analyze 

Improve Control). 

Since this project is using Lean Six Sigma, a 

methodology similar to Figure l will be used to 

. improve the mixed manufacturing cell at 

Sikorsky. The five Six Sigma phases (DMAIC) 

will be used a guide to define the problem or 

problems in the manufacturing process, measure 

production capability, analyze the output data to 

pinpoint exoct production issues, create a plan to 

implement necessary ·improvements, and a 

system to ensure that there are precautions taken 

to keep continual improvements on the 

manufacturing cell. Lean Manufacturing 

techniques will be used at each of 5 Six Sigma 

phases (DMAIC) to meet the goal of each phase. 

The following are Lean Six Sigma principles 
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used to improve Sikorsky current manufacturing 
process: 

DMAIC 
DMAIC is originally a Six Sigma tool used 

to improve a new or existing product or service 

and to continue product or service improvement. 
The Lean Six Sigma version of the· DMAIC is 

the same as the Six Sigma model, however the 

Lean principles are integrated into each of the 

phases of the DMAIC to problem solve and to 

improve continuously. Lean tools are · used to 

eliminate waste and reduce lead time, as the six 

sigma tools are used to reduce defects and 

process variability. Sikorsky wants to be able to 

meet customer demands, but they are not 

currently producing to customer demands 

because of waste of resources due to defects, 

production schedules with high idle time, 

inconsistent manufacturing layout, and inventory 

shipment from suppliers. The DMAIC model 

will help streamline and improve the current 

process to eliminate the issues that Sikorsky is 

currently dealing with as of now. 

Celular Manufacturing 
Cellular manufacturing is grouping 

workstations with the same goal to build a 

particular product. The workstations are 

arranged in a format of a circle or U-shaped to 

minimize travel time and materials handling and 

increase production flow with minimum delays. 

Sikorsky has implemented cellular 

manufacturing, however their manufacturing cell 

is not functioning the way it is suppose to be. 

The couple of the reasons from observing the 

process are that a lot of jobs at different work 

stations are changed and have not been reported 

to management for them to redo the production 

layout to ensure a continuous production flow. 

Also the equipment are used in various stages 

are located in different areas of the facility and 
not with the cell so there are high rates of travel 

time to and from the needed equipment. One 

recommendation would be to rearrange the cell 



layout, so that the equipment being used is 

placed in the cell. 

Kaizen 
Kaizen refers to a Japanese term that means . 

"continuous improvement" [ 1]. Kaizen is a 

system that of continuous improvement in 

technology, process, culture, quality, 

productivity, safety, and leadership [1]. Kaizen 

uses a POCA (Plan Do Check Act) cycle as 

shown in figure 2. The POCA steps are as 

follow: 

1. Make a plan of improvement 

changes 

2. Do the improvement changes on 

gradually 

3. Observe and analyze the gradually · 

changes made 

4. If satisfied of the small changes 

implement on a bigger scale 

Sikorsky has conducted Kaizen workshops 

for its employees. As a result of several 

workshops, Sikorsky proposed to do a 
. I I 

manufacturing cell for the K-45 and K-62 and 

created the layout of the manufacturing cell. 

The event is strongly recommended for 

employee acceptance, training and education, 

and employee involvement to improve the 

manufacturing cell, thus improving the 

production rate and quality. 

In adQition, a simulation model is used in this 

project as a tool to define the problem, measure 
. . production capability, and analyze · data. 

Simulation model is also a visual tool to see how 

Lean Six Sigma principles can be used to help 

improve the actual manufacturing before 

implementing the actual manufacturing cell. The 

following are the steps · in the simulation study 

methodology for analysis [ 4]: 

1. Design experiments 

2. Run the experiments 

3. Analyze results 

4. Make decision based on results 

5. Documentation of the study 

Proceedings of the 2009 IEMS Conference 

5. Condusioo 

At the end of this collaboration with 

Sikorsky, Sikorsky will receive a number , of 

recommendations that are supported by lean six 

sigma principles t<.\ make the system more 
efficient. The recommendations will then be 

programmed in the simulation model and used to 

allow -Sikorsky management to visually see the 

recommendations. Preliminary results suggest 

the reduction of employee idle time, defect 

reduction, and layout configuration. These 

~lements will be integrated into the simulation 

· modeL· 
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6. Fi.gures 

Improvement 

Figure 1. ~MAIC Model [5] 

C 
~1:';flk 

Figure 2. PDCA Cycle 
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Tourism is one of the largest industries in 

many countries, and management of tourism 

services is a research area that has received 

significant academic attention. In this paper, we 

survey operations management research on 

tourism management. In particular, we review 

papers addressing decisions such as location 

s~lection, plant layout, demano forecasting, and 

scheduling. 

1. 1-ntroductioo 

Tourism is one of the most prominent 

service-intensive industries. In· many countries, 

whether developed or developing, tourism is one 

of the largest industries. Moreover? recent 

· · studies predict that it will become a~ · .even 

bigger industry in the near ·future. World 

Tourism Organization [I] estimates that the total 

annual number of tourists worldwide will exceed 

1,600 million by 2020, and their expenditures 

will reach $200 billion. The World Tourism 

Travel Council [2] states that the world tourism 

industry accounts for more than I 0% of the 

world's GDP. When all components of the 

tourism indu~try are considered, i.e., tourism 

consumption, investment, government spending 

and exports, the industry grew 5.9% in 2004 

Mesut Yavuz 

S1ooandoah Uni vers ty 
ITfy'aV~Z@SJ. OOU 

Alpaslan Figlali 
Kocaai Universty, Turkey 
fi qi al i a@kocafi i. oou. tr 

alone, reaching $5.5 trillion: The I 0-year growth 

forecast is $9.5 trillion in 2014 [3]. 

Tourism is closely related to many other 

industries, both in manufacturing and service 

fields. It is also related to almost all the people 

in the World either as service providers, or 

customer, or both at differ~nt times. With its 

enormous economic value, tourism has attracted 

numerous researchers and accumulated a vast 

literature over the years. Our purpose in this 

paper is to present a structured review of 

operations management research on tourism. 

Our paper does not claim to cover the whole of 

operations management, which is a vast field, or 

provide an exhaustive review of the tourism 

literature in the selected areas. We intend to give 
· the interested reader a flavor of recent research 

on tourism·operations management. 

Operations management enjoys academic 

attention from both engmeermg and 

· management disciplines. Operations 
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management textbooks typically include 

chapters on product and/or service design, 

supply chain design, performance measu·rement, 

forecasting, facility design and location 

selection, capacity planning, production and 

inventory management, scheduling, statistical 

quality control and total quality management, 

and enterprise resources planning. In the context 



of · tourism management, some of these areas 

· have been studied more extensively than others. 

In this paper, we focus on recent work in such 

areas. 

The remainder of the paper is organized as 

follows. In Section 2, we present recent research 

on tourism demand forecasting. In Section 3, we 

review facility design and location selection 

papers on tourism management. In Section 4, we 

discuss scheduling work, especially staff 

scheduling in to~rism. In Section 5, we review 

performance management papers. Finally, in 

Section 6, we present a summary and our 

concluding remarks. 

2. Tourisn Demand FCl'ecasting 

Forecasting plays a major role in tourism 

planning. A reliable forecast of tourism demand 

in the long term at a national or regional level is 

required for strategic tourism planning, which 

involves capacity and infrastructure investment 

decisions. Short term forecasts are sought by 

accommodation providers, e.g., hotels, in order 

to optimize their prices, as well as . purchasing 
· and recruiting operations. Short-to-medium term 

forecasts are also used by transportation 

providers to optimize their fleet sizes and 

schedules. 

In the liter~ture, there exists a wide range of 

forecasting studies on tourism. Forecasted 

quantities include tourism expenditures, travel or 

tourism demands, tourism imports and exports, 

hotel room demand and tourist arrivals in short 

or long term. A number of review articles on 

tourism demand forecasting have been published 

over the fast decade; see [ 4-1 O]. A majority of 
these studies uses time-series models and the 

econometric approach. Since mid 1990s, 

advanced methods such as Artificial Intelligence 

techniques have been used in the forecasting 

literature. In this section, we briefly review such 

advanced methods in tourism forecasting. 

Pattie and Snyder [ 11] compare classical time 

series forecasting techniques with an emerging 
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neural network model. The issues of data 
integrity, accuracy, the use of appropriate error 

measures, and the reliability and validation of 

results are highlighted. The operational aspects 
of forecasting with a neural network are 

analyzed using a data set from the U.S. National 

Park Service. Results indicate that the neural 

network model is a good alternative to classical 
forecasting techniques in tourism. 

Law and Au [12] present a new approach that 
used a supervised feed-forward neural network 

model to forecast Japanese tourist arrivals in 

Hong . Kong. The input layer of the neural 

network contains six nodes: service price, 
average hotel rate, foreign exchange rate, 

population, marketing expenses, and gross 

domestic expenditure. The single node in the 

output layer of the neural network represented 

the Japanese demand for travel to Hong Kong. 

Officially published annual data in the period of 

1967 to 1996 are used to build the neural 

network. Estimated Japanese arrivals are 
, compared with actual published Japanese 

arrivals. Experimental results show that using 
the neural network model to forecast Japanese 
arrivals outperforms classical methods such as 

multiple regression, naive, moving average, and 

exponent smoothing. 
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Ghalia and Wang [13] discuss the role of 

judgmental forecasting and take the problem of 

estimating future hotel room demand as a 

practical business application. They propose an 
intelligent system, namely IS-JFK, to support 

judgmental forecasting and knowledge of 
managers. IS-JFK is built on fuzzy rules for 

decision inference. Actual data from a hotel are 

used in a simulation study to illustrate the merits 

of the intelligent support system. 
Law [14] applies neural networks in tourism 

demand forecasting by incorporating the back

propagation learning process into non-linearly 
separable tourism demand data. Empirical 

results indicate that utilizing a back-propagation 

neural network outperforms regression models, 



time-series models, and feed-forward neural 

networks in terms of forecasting accuracy. 

Cho [ 15] investigates the application of three 

time-series forecasting techniques, namely 
exponential smoothing, univariate 

autoregressive. integrated moving average 
(ARiMA), and Elman's Model .. of Artificial 
Neural · Networks (ANN), to predict travel 

demand (i.e., the number of arrivals) from 

different countries to Hong Kong. Results show 
ANN to be the best method for forecasting 

visitor arrivals, esp~cially those series with no 

. . obvious pattern. 
Wang [ 16] presents two artificial intelligence 

(Al) models to predict tourism demand. Tliese 
h~o methods are the grey theory and fuzzy time · 

series, which do not need large sample and long 

past time series. These AI models are used to 
estimate tourist arrivals to Taiwan from Hong 

Kong, United States and Germany during· the 
period of 1989-2000. 

Palmer d al. [ 17] discuss the theoretical 
principles · of artificial neural networks (ANN) 

and present a step-by-step · methodology for 
d·esigning a neural network for tourism time 

series forecasting. They also illustrate this 

process on an example to forecast tourism 

expenditure in the Balearic Islands (Spain). 
Chen and Wang [18] apply a novel neural 

network . technique, namely, support vector 

regression (SVR), to tourism demand 
.. forecasting. The aim of this study is to ·examine 

the feasibility of SVR in to_urism demand 

forecasting by comparing it with back
propagation neural networks (BPNN) and the 

autoregressive integrated moving average 

(ARIMA) model. They also use a real value 
Genetic Algorithm to fine tune ( optimally select 

the parameters of) SVR. 

Hernandez-Lopez and Caceres-Hernandez 
[19] develop a genetic algorithm (GA) with a 

transition probability matrix to forecast total 

number of tourists. They also illustrate the new 
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GA on an example and show that it is superior to 

a simple GA. 
Wang and Hsu [20] develop an improved 

fuzzy time series models for forecasting short

term series data. The authors compare their 

.improved fuzzy time series method to Hwang's 

fuzzy time series and heuristic fuzzy time series. 

They . use officially p·ublished annual data (for 

the period of 1991-2001) of tourist numbers 
from Taiwan to the United States. Empirical 

results prove the propqsed fuzzy time series and 
· Hwang's fuzzy time series suitable for short

. term ptedictions. 

3. Tourisn Facility Deign and Locatioo 
Selectia, -

Min [21] presents a multi-objective retail 

location decision model which not only 
considers the behavioral and spatial aspects of 
location scenarios, but also takes advantage of a 

systematic sequential decision process. The 

model is applied fo solve fast-food restaurant 
location problems. 

Banker and Morey [22] consider a fast food 

chain contemplating acquiring, building, and 

operating a new o_utlet at a particular candidate 
site, with ·its own particular environment. They 

present a normative approach facility design 

decision which arrives endogenously at the best 

choices for both design and operational features 

· for th~ site. The final decision as to whether or 

not to act!Jally acquire, build, and operate the 
outlet at the candidate site thus depends on 

several complex and interrelated choices. Their 
approach integrates non-parametric data 

envelopment analysis with parametric regression 
analysis to yield a mathematical programming 
model. 

312 

Herman and Ganz [23] consider the problem 

of capacity expansions in a service corporation 
composed of a chain of existing and new 

facilities, e.g., restaurants, hotels and gas

stations. The desired solution is a schedule of 

capacity expansions, each consisting of size, 



location and timing, in order to maximize profit 

· when only limited funds are available. This 

paper includes two models. The first is a linear 

programming model suitable for organizations 

which rent or lease their facilities. The second is 

a mixed integer programming model where a 

fixed cost is paid anytime capacity is expanded. 

For the linear programming model, they show 

how to represent the problem as a generalized 

network with gains problem, and, in the case of 

non-decreasing demands, as a linear multiple

choice knapsack ·problem .. For the mixed integer 

programming model they propose a 

computationally efficient heuristic that ts 

suitable for large scale problems. 

Hurley €t al. [24] apply genetic algorithms in 

a tourism marketing context, more, specifically, 

to the problem of tourism site location. The 

resu_lts suggest that genetic algorithms are likely 

to outperform traditional optimization methods 

when the number of sites ( existing and 

proposed) is large. 

Wu d al. [25] develop a decision making 

tool to help hotel managers determine optimal 

· spatial allocation. The tool is based on fuzzy 

analytic hierarchy process (F AHP), and involves 

multiple criteria some of which are rational, 

whereas some others are emotional. Also, 

creation of an artificial spatial allocation image 

by an image composition technique allows hotel 

managers to see the future completed work 

before renovating, and the emotional judgment 

of the spatial image can take place immediately. 

The virtual image facilitates. the reduction of 

communication time between hotel managers 

and designers, and increases the level of 

satisfaction towards the final spatial allocation. 

Chou 6t al. [26] develop a fuzzy multicriteria 

decision making (FMCDM) model for 

international tourist hotel location selection. In 

this article they use 21 criteria for selecting an 

international tourist hotel location, derived from 

the literature and practical investigations. They 

employ the methods of fuzzy set theory, 
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linguistic values, hierarchical structure analysis, 

and fuzzy analytic hierarchy process to 

consolidate decision-makers' assessments of 
criteria weights. 

4. Tourisn Operatioos and Staff 
Scheduling 

Glover fl al. [27] describe a system for the 

automatic scheduling of employees for services 

such as fast food restaurant, banks and hotels. 

They use a heuristic approach wh_ich is an 

application of artificial intelligence. In contrast 

to other approaches, which design shifts as if 

employees are always available and try to fit 

those shifts to employees who are not always 

available, their system designs shifts by taking 

employees' limited availabilities into account. 

Vakharia f1 al. [28] develop a staff 

scheduling model to schedule part-time 

employees, and propose a heuristic procedure 

for its solution. The model considers employee 

time preferences (i.e., times at which the 

. employees are available to work) as well as 

employee wages in developing a weekly work 

schedule. Actual data from a local restaurant and 

a computer lab are used to validate and illustrate 

the model. The study also addresses trade-offs 

between the "benefits" of maximizing employee 

satisfaction versus minimizing the costs of 

employee wages. 
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Litchfield fl al. [29] present a heuristi~ 

algorithm for finding weekly employee 

schedules for a restaurant franchise. The 

algorithm ensures that employees are not 

assigned to periods when they are unavailable 

or, more than one shift per day, or a night shift 

followed by a morning shift. The algorithm 

consists of an initial construction heuristic 

followed by tabu search. 

5. Performanm 
Tourisn 

Management in 

Anderson fi al. [30] employ a stochastic 

frontier technique to estimate managerial 



efficiency levels in the hotel industry. The 

stochastic frontier approach overcomes many of 

the potential statistical limitations of DEA and 

al lows for additional insights on efficiency in the 
hotel market. The average efficiency measures · 

for the hotel industry estimated by the stochastic 

fronti'er approach are high and consistent with 

the results obtained using DEA. 

Curry ft al. [31] examine a neural network 

method known as the self-organizing map 

(SOM). They employ the SOM to of identify 

strategic groups of c?mpanies, using data related 

to the _generic strategies. Following 

identification of different groups of hotels with 

certain strategic emphases, the study investigates 

correlations between strategies and hotel 

performance. They compare and contrast the 
· 'feature map' generated by the SOM to the 

outcome of a standard cluster analysis using the 

k-means method. 

Yeung and Law [32] apply a modified 

heuristic evaluation technique to compute . 

Usability Hazards Indices of hotel websites in 

H?ng Kong. They report · that usability 

performance of chain hotels is significantly 

better than that of independent hotels. This 

finding is likely due to the difference in financial 

support and the difference_ in operating scales 

between chain and independent hotels. 

Law [33] proposes a fuzzy multicriteria 

analysis model which systematically integrates 

. . hotel guests' preferences and fuzzy asse·ssments 
of website attributes. · Fuzzy .evaluation· of 

linguistic values by respondents offers a 

comprehensive approach for handling 

incomplete and imprecise user preferences, and, 

hence, provides a realistic evaluation process. 

6. Summary and Coodusioos 

In this paper, we review quantitative work on 

tourism management, with a special focus on 

emergent technologies. Followed by . our 

motivation to conduct this study, the paper 

discusses a total of 30 papers in four sections. 
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· Each section provides a chronological review of 

selected papers in that area. 

Tourism dema~d modeling and forecasting 

studies can be divided into two broad categories 

of quantitative and qualitative methods. The 

quantitative forecasti'hg literature is dominated 

by two sub~categories of methods, namely, non

causal time-series models and · the causal 

econometric approaches. Recent contributions 

using emergent methods such as neural networks 

. yield good results, theryby motivating future use 

of such emergent methods in forecasting tourism 

demand. 
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Other operatiC?ns management studies in 

tourism appear to be prim~rily based on multi

criteria decision making models. Especially, 

more recent studies employ more advanced 

methods based on the fuzzy set theory, in order· 

to better capture linguistic and qualitative 

variables involved m realistic decision 

environments. 

Companies are no longer competing one 

against another, but as multi-company • supply 

chains. Therefore, it would be interesting to 

consider tourism companies as supply chains 

consisting of both_ manufacturing and service 

companies · possibly scatter around the globe. 

The extension of the present paper to reviewing 

supply chain management paper in tourism is a 

future research direction for the authors. 
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Production smoothing is one of the key 

components of just-in-time (JIT) manufacturing. 

JIT is best known for its goal of manufacturing 

products when they are needed and in the 

demanded quant1t1es. However, existing 

literature on production smoothing ,assumes that 

demand is known beforehand and constant 

thro.ughout the planning horizon. In many real
life production systems demand is vaguely 

known, which limits the applicability of the 

existing methods. In this study, we consider 

possibilistic, i.e., fuzzy, demand and present two 

alternative approaches· for production smoothing 

with fuzzy demand. The first approach is based 

on defuzzifying demand and uses crisp 

operations, whereas the second approach uses 

fuzzy arithmetic. We also compare the two 
fuzzy approaches with the traditional crisp 

approach on ~ ·numerical example. 

1. I ntroductia, 

In his seminal book on Toyota Production 
System (TPS), Monden ·[1] •names production 

smoothing as the cornerstone of TPS. Triggered 
by Monden' s book, production smoothing has 

been studied by numerous researchers who have 
developed alternative mathematical models and 

analytical methods to be used in a wide array or 
real-life scenarios (see surveys by Kubiak [2] 

and Yavuz and Akcali (3]). 
The Production Smoothing Problem (PSP) 

focuses on reducing the variability inherent in a 

mixed-product just-in-time (JIT) manufacturing 

system. Two alternative approaches for the PSP 

are widely studied in the literature: namely, the 

single-level and the multi-level PSP. In the 

single-level PSP, one aims to minimize the 

variation of the production rates of the end
products. In the · multi-level PSP, on the other 

hand, the aim is to reduce the variability in both 
production rates of the end-products and 

consumption rates of the sub-assemblies that are 
produced at the preceding stages of the 

manufacturing system. Note that, in both 
versions of the PSP, one is concerned with 

scheduling the final level of operations only, 

'whereas the sub-levels are assumed to adjust 

themselves to the schedule of the final level via 

the pull system used on the shop floor. It is 
proven in the literature that the single-level PSP 

can be solved in polynomial time whereas the 

multi-level PSP is NP-Hard [2]. 
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The production smoothing problem is 

typically modeled as a sequencing problem 

where the sequence length is equal to the total 
demand. Miltenburg [ 4] formulates the single

level PSP as an integer quadratic optimization 

model with an objective function of minimizing 

the total squared deviation from ideal production 
amounts, which are depicted in Figure 1. In the 
figure, the ideal cumulative production amount 

of product i is represented with a straight line, 

based on the assumption that demand ( cl;) is 

uniformly distributed throughout the planning 
horizon ( T). Actual cumulative production 

amount, on the other hand, increases only at the 

end of the stages devoted to that product. A 



mathematical formulation of the problem 

· follows Figure I. 

Cumulative 
production 

amount 

~ - - -----------------

..,::-----<>--------~-~ ---:--- Time 

Figure 1. Deviations _from smooth production 

Minimize T n ( d-) 2 

LL X. -k_!_ 
k=I i= I t,k T 

Subject to: 
n 

Lxi,k = k, 
i=I 

k= 1,.2, .. , T 

(1) . 

(2) 

xi,k E {o}u z+ , i = 1,2, .. , n, k= 1,2, .. , T (3) 

. In the mathematical model, X;,k is the non

negative integer variable denoting the number of 

copies of product i scheduled in the first k stages 

of the sequence. The sequence consis~s of T 
stages, which is the summation of demands d; 
for i = 1,2, .. ,n. It is assumed that demands are 

integers, and, hence, the total demand is also an 

integer that can be used as the sequence l~ngth. 

Early solution methods for Milten?urg's 

model include computationally expensive exact 

methods [4] [5] and constructive heuristics [4] 

[6] [7] [8] [9]. The most efficient exact solution 

of the problem is due to Kubiak and Sethi [IO] 

[11] , who show that the probiem is polynomial-ly 

solvable via a reduction to an assignment 

problem. 

Among the heuristic methods proposed for 

the production· smoothing problem; the earliest

due-date (EDD) method has received special 

attention [7]. The EDD is comparable to other 
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heuristics such as the ·one-step and two-step 

heuristics, and is very easy to implement. 

When using the EDD method, one first 

calculates a due date ( b;,t) for each copy (t = 
1,2, .. ,d;) of each product (i= 1,2, .. ,n): 

T 8; t ·= (t - 0.5)-
' . d; 

(4) 

All the copies of all products are then 

· considered independent products each with a 

due date and ordered from -the earliest to the 

·latest. The calculation of the due dates is very 

easy and the method requires keeping track of 

the due dates only. 

All the papers in the existing production 

smoothing I iterature, to the best of our . 

knowledge, assume a known and constant 

demand for each product. This assumption is 

justifiable for a very short planning horizon . 

However, in some r~al life scenarios planning 

horizon is long and/or demands are not known 

with certainty even for a short horizon. In order 

to meet the cha I lenge faced in such scenarios, 

we consider a fuzzy demand for each product. 

Fuzziness in production management has 

received vast academic interest [ 12]. 

Researchers and practitioners alike have sought 

ways to overcome the deficiencies of classical, 

i.e., crisp, production planning and control 

methods in dealing with uncertainties. The fuzzy 

set theory allows one to work with linguistic 

variables and operations, and, hence, is 

beneficial in real-life scenarios with great 

.uncerta_inty. For examples of fuzzy methods in 

production scheduling, we refer the reader to 

[13] , [14] and the references therein. We also 

·refer the reader to [15] for examples of fuzziness 

· in just-in-time and lean production systems. 
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In this paper, we first present preliminaries in 

the fuzzy set theory and fuzzy arithmetic in 

Section 2. 'In Section 3, we adapt the EDD 

heuristic to fuzzy demand and present two 

methods born out of this idea. The two methods 



differ in the stage they defuzzify the fuzzy input. 

· In Section 4, we present a numerical example 

and demonstrate both of the EDD methods on 

the example. We conclude the paper in Section 5 

by summarizing our work and pointing out 

possible future research directions. 

2. Preliminaries 

Fuzzy logic and the fuzzy arithmetic are based 
on fuzzy numbers. A fuzzy number denotes the 
membership degree of an element to a set. In the 
traditional, i.e., crisp, logic, an element either 
belongs to a set or it does · not. In fuzzy logic, on 
the other hand, a membership degree in the 
closed interval [O, 1] is assigned to each member 
of a set. A membership degree of 1 represents 
absolute membership, a membership degree of 0 
represents the complete lack of membership, and 
any value in between represents a partial 
membership. 

In this paper we model fuzzy variables and 

parameters as triangular fuzzy numbers. We note 

that all the fuzzy variables and parameters we 

use in this chapter are positive numbers by 

definition. In Figure 2 we depict a triangular 

fuzzy number X = (xa, Xb, Xe). 

X 

Figure 2. A triangular fuzzy number 

Using the function principle of fuzzy 

arithmetic we define the following operations on 

two positive triangular fuzzy numbers 

X = (Xa, ~' Xe) and y= (Ya, Yb , Ye) , and a 

constant k E R. 
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The multiplication of a fuzzy number with a 
constant: 

k® x = { (J<xi, lo£, k){;), 
(-1<){;,-'°£,-kxJ, 

if k~O 

if k<O 

The addition of two fuzzy numbers: 

xEB Y= (xa +Ya,~+ Yb, X: + Ye) 

The multiplication of two fuzzy numbers: 

x® Y= (XaYa, ~Yb, X:Ye) 

The subtraction of two fuzzy numbers: 

x-y=(Xa~ Ye,~- Yb,X:- Ya) 

The division of two fuzzy numbers: 

xly=(Xal Ye,~/ Yb,X:I ya) 

To defuzzify a triangular fuzzy number we 

define the ca1ta- of gravity ( oog) approach as 

·follows. 
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3. Earliest-due-date methods under 
fuzziness 

fuzzy demand for product i. Summing the 

demands for products i=l ,2, .. ,n yields the total 

demand i5 = (Da, Db, DJ, which also is a 

triangular fuzzy number. Using the function 

principle of the fuzzy arithmetic, the total 

demand is calculated as follows: 

n n n 

D= (Da, Db, De)= (Ld;,a,Ld;,b,Ld;,e) 
i=I i=l i=l 



The total demand is also the length of the 

sequence. Hence, in order for it to be used as the 

sequence length, it must first be de-fuzzified. 

Using the center-of-gravity method, we obtain: 

It is practical to assume that the sequence 

length is an integer. Although it is theoretically 

possible to work with any (fuzzy) total demand 

· value, for sake of clarity and practical value we 

assume that the center of gravity method yields 

an . integral demand value for each produ~t, 

thereby making the total demand an integer, as 

_well. In many practical scenarios demand values 

are large enough that their center of gravity can 

easily be rounded to the nearest integer without 

any loss of accuracy. We state this assumption 

as follows: 

d- + d-b + d-d- = 1,a I , l ,C z+ .. · -1 2 (5) , 
3 

E , , - , , .. , n 

Now that we have a ·n integer sequence 

length, D, we can substitute it for Tin equation 

( 4) and compute a due date for each copy of 

each product. If we compute due· dates using de

fuzzified demands, we would be implementing 

.~he crisp, i.e., non-fuzzy, version of the EDD 

method. In the remainder of this section we 

propose two alternative EDD methods using 

fuzzy demands and compare them with each 

other and the crisp method on a numerical 

example in the next section. Note that both 

approaches use a triangular fuzzy demand for 

each product. The two methods differ in the 

stage they de-fuzzify the total demand. The first 

approach is based on de-fuzzifying total demand 

at _ the beginning, whereas the second approach 

uses fuzzy arithmetic and defers de-fuzzification 

until the end. 
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3.1. EDD-1 

Our first fuzzy EDD method uses the de

fuzzified total demand and fuzzy demand for 

each product. The due date of copy t of product i 
is computed as a trian~ular number: 

~ . . 1 
bit= (t"--0.5)O®-;:::;-

,. d; 
(6) 

In the end, the due d~te is de-fuzzified using 
the center of gravity method. A · closer 

examination of this fuzzy due-date reveals the 

following: 
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1 . 
bita =(t-0.5)O®- , ,, ' d-

1,C 

1 
b -tb =(f-0.5)O@-,,, d , 

i,b 

s: l . 
uitc = (t-0.5)O®- , and ,, d-. ,.a 

All copies of all products are ordered in their 

due dates, from the earliest to the latest. 

3.2. EDD-2 

Our · second fuzzy EDD method uses the 

fuzzy total demand and fuzzy demand for each 

product. The due date of copy t of prod_uct i is 

computed as a triangular number: 

~ i5 
bit =(t-0.5)®~ 

, d; 
(7) 

Again, in the end, the due date is de-fuzzified 

using the center of gravity method. A closer 

examination of this fuzzy due-date reveals the 

following: 



. D 
Oita= (f-0.5)®-a, .. d . 

l ,C 

Db 
0 -tb =(t-0.5)®-, 

I, , d 
i ,b 

Ouc = (t-0.5) ® Dc , and ,, d. 
,,a 

l 
Da Db Dc j -+-+-
d. d . d. 

Ou= (t-0.5) ,.c . ;b ,,a . 

All copies of all products are then sorted in 

non-decreasing order of their due dates. 

4. Numerical Example 

Consider five products with the triangular 

fuzzy demands given in Table 1. 

Table 1 Fuzzy demands 

d; = ( di.a' d; ,b, d;,J cl; 

(7, l 0, 13) 10 

2 (4, 8, 9) 7 

3 (4, 6, 8) 6 

4 (2, 4, 6) 4 

5 (2, 3, 4) 3 · 

The total demand is D = (19,31,40) and it is 

de-fuzzified to D = 30. Thus, we need to 

construct a 30-unit sequence in which the five 

products are produced l 0, 7, . 6, 4 and 3 times, 

respectively. 

The de-fuzzified values of the due-dates are 

given in Table 2. 

Table 2 Due dates 
Product Copy Crisp EDD-I EDD-2 

1 1.50 1.60 1.71 

2 4.50 4.80 5.14 

3 7.50 7.99 8.56 
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4 10.50 11.19 11.99 
5 13.50 14.39 15.41 
6 16.50 17.59 18.84 
7 19.50 20.79 22.26 
8 22.50 23.98 25.69 
9 25.50 27.18 29.11 

l 10 28.50 30.38 32.54 
2 2.14 2.43 2.66 
2 2 6.43 7.29 7.99 
2 3 10.71 12.15 13.32 
2 4 15.00 17.01 18.65 
2 5 19.29 21.88 23.98 
2 6 23.57 26.74 29.31 
2 7 27.86 31.60 34.64 
3 1· 2.50 2.71 2.92 
3 2 7.50 8.13 8.77 
3 3 12.50 13.54 14.62 
3 4 17.50 18.96 20.47 
3 5 22.50 24.38 26.31 
3 6 27.50 29.79 32.16 
4 l 3.75 4.58 5.15 
4 2 11.25 13.75 15.46 
4 3 18.75 22.92 25.76 
4 4 26.25 32.08 36.07 

5 5.00 5.42 5.85 

5 2 15.00 16.25 17.54 

5 3 25.00 27.08 29.24 

When we sort all copies of all products in 

non-decreasing order of their due-dates, we 

obtain the sequences given in Table 3. 

Table 3 Sequences obtained by the three 
methods 

Position Crisp EDD-1 EDD-2 

1 l 1 1 

2 2 2 2 

3 3 3 3 

4 4 4 1 

5 1 4 

6 5 5 5 

7 2 2 2 



8 
9 
IO 
11 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 

22 
23 
24 

25 
26 
27 
28 
29 
30 

I 

3 

2 
4 
.3 

1 

2 
5 
1 

3 
4 
2 

3 
2 
5 

4 

3 
2 

1 
3 

2 
3 

4 
1 
5 
2 
1 
3 
I 

2 
4 
1 
3 

2 
5 
1 
3 
1 
2 
4 

1 
3 

2 
3 

4 
5 
2 
1 
3 
I 

2 

4 
3 

5 
2 
3 
I 

2 
4 

In this example the three methods provide 
different sequences. In fact., the three methods 
always · yield different sequences, unless the 

. . input data are all crisp. 

5. Sumr,,ary and oondusioos 

This paper is concerned with a pro~uction 
'planning problem arising in the context of just
in-time manufacturing systems that produce a 
variety of products on a shared production line. 
The goal is to obtain a smooth production 
schedule, i.e. , a sequence that disperses copies of 
different products over time as evenly as 
possible. 

The paper first motivates the production 
smoothing problem studied and briefly reviews 
existing I iterature. Then it presents basics of 
fuzzy numbers and proposes two fuzzy 
implementations of the earliest-due-date method 

1 
with fuzzy demands. The methods are then 
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compared with the crisp method on a numerical 
example. 

To th~ best of ou_r knowledge, this is the first 
paper to incorporate fuzzy demands into a 
production smoothing problem. The EDD 
algorithm is a simple .. "and effective method to 
solve the production smoothing problem. The 
compar~son of the two fuzzy EDD methods 
proposed in this paper is ail imminent future 
research direction on. this problem. Such a 
comparison method requires defining a fuzzy
optimization formulation of the problem. A 
fµrther future research topic is the adaptation of 
more advanced pro_duction smoothing methods 
to the fuzzy demand case. 
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Abstrad 

Fift~en years removed from the outset of the 
World Wide Web, Higher Education is still 
struggling with the appropriate means by 
which to offer instruction online. This paper 
offers an inventory of issues that still need to 
be addressed, organized around the concept 
of the marketing mix or "Four P' s": i.e. 
online learning as a product, online learning 
and pncmg, online learning and 
place/distribution, and the promotional 
aspects of online learning. 

I ntroctuctioo 

Education is a tiate-controliro 
manuf adory of ochoe3. 

- Goorge Norman Douglas 
British Essayis, 1_858-1952 · 

George Norman Douglas, well known for his 

satirical take on the eccentricities of Western 

culture, bore witness to what. was arguably the 

greatest educational innovation of the twentieth 

century, namely the · transition of higher 

education from the private to the public sphere. 

His sharply-incised quote above is taken from an 

essay concerning that very transition. The 

question at that time revolved largely around the 

issue of structure: should the public · university 
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take on - all the trappings of the private 

university, or should it seek to foster unique 

qualities? And if it does create its own rrilieu, 
are there aspects of its belonging to the public 

domain that will hamper its progress, that will 

impose limitations derived from the democratic 

nature of decision-making in public institutions? 

The word "echo" is not chosen carelessly: an 

echo, after all , is a replicated sound of 

diminishing quality. bid Douglas foresee a 

world of public higher education predicated on 

political correctness, determined by the will of 

multiple constituencies, and predestined by the 

lowest-common-denominator approach to bland 

sameness? Furthermore, does the consistency 

derived from a system defeat the pursuit of 

quality? And when does adherence to a system 

become hegemony? The proliferation of cookie

cutter public universities is the answer to each of 

these questions. 

A decade into the twenty-first century, 

we find ourselves at a similar point of tran·sition. 

This time, however, the transition is not one of 

public to private, but rather from a traditional 

face-to-face delivery to an online modality.· 

According to a recent study [ 1 ], onpne delivery 

of higher education is a growth industry: almost 

4 million students (or 20% of all students in 

higher ed) were taking at least one online course 

in Fall 2007, and the year-to-year growth rate for 

online enrollments was over 12% (an order of 

magnitude higher than overall higher ed 



enrollment growth) And yet, fifteen years 
removed from the outset of the World Wide 
Web, traditional venues of higher education are 
still struggling with the appropriate means by 
which to offer instruction online. Typical 
discussions of online education focus on its 
comparison to a traditional, face-to-face model: 

does quality online higher education by 
necessity conform with its face-to-face 
counterpart? How are the programs structured? 
How are courses designed? How is quality 
ensured, or even ·measured? Or, at an even more 

fundamental level, does every institution even 
need to offer online programs? How critical that 
need is predictably differs depending on whether 
you ask faculty or administration [ 1 ]; one study 
even suggests that practical need factors little 
into the propagation of online offerings, that 
inst~ad they spread like a contagion or fashion 
[2]. 

1. The Present Paper 

The purpose of this paper is to take a 
different, non-academic perspective on e
leaming. Instead of focusing on the similarities 
and dissimilarities in pedagogy or platform, 
perhaps we should view it as a commercial 

enterprise. 
Many · traditional, for-profit industries 

have faced similar challenges in response to the 
digital revolution. For example, the recorded 

music industry has been struggling with finding 
an optimal solution . that both invites 

consumption while ensuring future viability; a 
look at their history [3] reveals a number of 
steps and missteps that the educational field 

would do well to avoid: 

• Early successes in digital formats that 
emulate prior traditional forms: i.e. 

corrpact diEXJ 

• Reticence to move to more ephemeral, 
less controlled formats: 1.e. online 
disribution; 
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• Competition from providers of 
questionable legitimacy, without any 
such reticence, i.e. NapEter, Kazaa; 

• Focus turns to defeating competition 
and consumers rather than improving 
their offering: i.e. RIM lawsuits against 
individual downloader~ DFlv1 copy 
prota::tion, or FbotKit installation from 
CDs to di&XJurage play on·corrputus 

The traditional higher-ed institution encounters 
similar pressures from for-profit newcomers, 
consumers who want viable alternative modes of 
learning, and issues regarding the control of 
content. And such misrepresentations of 
competition and . control pre-date the advent of 
digital media: Levitt recounts similar missteps 
dating back to the nineteenth century [4], 
illustrating the point with the high-technology 
examples of the day such as oil and railroad 
transportation .. 

This begs the question: what should an 

online higher education business model look 
like? What issues inform the choice? To 
accomplish this, we will utilize a business
oriented analytical approach in the form of a 
marketing inventory. 

2. The Marketing I nventay 

The marketing inventory, or market "audit", 
has long been a valuable tool for assessing a 
company's competitive position and viability. 
Kotler, et al. [5] describes the regular use of the 
marketing audit as a means of avoiding strategic 
obsolescence; it is a periodic, systematic, and 
independent review of a marketing 
organization's environment, strategies and 
tactical act1v1t1es with the objective of 
recommending a plan of action to improve the 
organization's performance. Central to this audit 
is a review of the company's functional areas, 
typically defined by the marketing mix (or ' four 
Ps'): Product, Promotion, Price, and Place. We 
shall take a look at issues for each of these major 



decision areas regarding the "product" of online 

education. 

Product 

The product .aspect of the marketing mix 

pertains to "anything that can be offered to a 

market for attention, acquisition, use, or 

consumption that might satisfy a want or 

need ... products include physical objects, 

services, events, persons, places, organizations, 

ideas, or mixes of the_se entities [6]." Particular 

.attention should be drawn to the distinction 

between the traditional educational institution, 

whi(?h is a service with many tangibilizing 

characteristics such as the campus and all the 

accouterments of the face-to-face experience, 

and the online experience, which in its purest 

manifestation has few or none of these beyond 

the graphical representation on the student's 

computer desktop. The level of student 

engagement through the tangible elements of the 

classroom and extracurricular activities of the 

forQ1er must necessarily outweigh those of the 

latter: while the educational experience (the 

"core,, product or benefit sought) may be 

equivalent between the two, any expectation of 
peripheral attachment or loya_lty between s·tudent 

and thee-institution should be minimal. 

This distinction between traditional and 

online education may also be examined with 

respect to the innovativeness of the latter w_ith 

respect to the former. One class-ic means of 

defining degree of innovation is offered by 

Robertson [7]: 1) incremental or dynamically 

continuous innovations, which are 
improvements on existing · technology that 

require little consumer learning, and 2) 

discontinuous innovations, which incorporate 

considerably different technology and require 

substantial effort for consumers. Evidence of the 

incremental nature of investment in online 

education is also communicated in the Sloan 
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Consortium's own prototypical course 

classifications [ 1]: 

• Traditiooal. No online content 

• Wel>facilitated. Limited online content 

(0-29%): Online syllabus, list of 

assignments, -· may use course 

management system 

• _Hybrid a Blended. Substantial portion 

of class online (30-79%), reduced F2F, 

typically utilizes online discussions 

• Online. Most or all content delivered 

online (80% or more), typically no F2F 

F.rom a marketer's standpoint, which of these 

levels of commitment is optimal depends on 

your understanding of your: consumer. If the 

consumer is a traditional student looking to 

augment .his/her schedule, then it may be argued 

that a dynamically-continuous approach such as 

traditional or web-faciltated courses would be 

preferred. On the other hand, if the intended 

consumer is non-traditional, the more 

discontinuous hybridized or fully-online courses 
are more· advantageous choices. Given the 

aforementioned study suggesting a tenfold ratio 

growth of online higher education enrollments to 

total enrollments, -gn?wth is likely to be coming 

from the non-traditional student. Add to that the 

often-expressed concerns regarding access for 

rural and military students and the increasing 

cost of transportation to and from a physical 

location,. and the argument for discontinuous 
options are . ·further bolstered. Finally, the 

product strategy literature tells us that an 

organizational focus on discontinuous 

innovation is typically associated with long-term · 

viability' derived from a broader perspective on 

industry trends, as well as the probable accrual 

of pioneer advantage from introducing radj~ally

·different product [8]. Discontinuous options are 

likely to be the optimal ones for most 

institutions. 
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If discontinuous product is the optimal 

choice for the chosen non-conformist, non 

traditional student, choice of particular design 



factors is predicated on understanding how those 

· students differ from the traditional student. If 

they are indeed comprised of consumers with 

time conflicts and location difficulties, then the 

organization has to take those problems into 

consideration: if the asynchronous nature of 

on line learning is one of its primary appeals, and 

divorce from physical limitations of the 

classroom one of its strengths, why are so many 

online courses regimented into traditional 

semester and quarter timelines, and little more 

than the same old courses dressed up in HTML? 

Further informing the decision of optimal 

product are the three concepts of 
micromarketing, mass customization, and mass 

collaboration. Micromarkfiing, most simply put, 

is niche marketing taken to its ~ost extreme, 
wherein the intended target of the organization's 

ma~keting efforts are a small number of 

consumers, or even one [6]. Mass cusorriz.ation 
is the production concept that makes 

micromarketing a viable reality: it's the 

production and distribution of customized goods 

on a mass basis using flexible technology 

· without incurring the increased costs normally 

associated with build-to-order techniques [9]. 

Mass oo/laboration, lastly, is a large-scale 
collaborative effort on a single, modular project, 

wherein participants act individually and often 

asynchronously, often using the internet to 

achieve their goal [1 O]. 

The confluence of these three concepts may 

be seen in the analysis of internet business as put 

forth by Mohammed, et al.. [ 11]. Mohammed 

suggests that an internet-based firm should view 

its product on a matrix defined by two 

dimensions: 1) lntuadivity p:)S9ble, or the 
user's ability to conduct two-way 

communication via the website, and 2) 

individualization, or the customizability of a 
website by the user or the sponsoring firm. 

Mohammed argues that higher values on each of 
these dimensions creates positive ·outcomes, 

such as greater perceived · intimacy by the user 
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and enhanced functional and emotional bonds 
between the parties. 

Figure 1 a shows how a number of popular 

websites may be categorized on the 
Interactivity-Individualization matrix. In the 

most basic, dynamically continuous low/low 

quadrant are the first-generation websites which 

are little more than textual content translated 
into website form, i.e. a magazine you can read 

on a screen. In the high-interactivity/low 

individualization quadrant we see_ websites 
which allow participation, albeit in a rigid, 

FIGURE la. The Offering: Interactivity and Individualization 

lndiv idualization 

low high 

Mohammed, et al (2002) 

FIGURE 1 b. The Offering: Online higher education 

Individualization 

low high 

~fter Mohammed, el al (2002) 



predetermined format. In the low interactivity/ 
high individualization quadrant, we see websites 
that allow the user control over what information 
he/she is exposed to, but little true interaction 
with the sponsor or other users. In the high/high 
quadrant, both int_eractivity and individualization 
are afforded the user of a website . like eBay, 
which allows control of the design of the 
interface and participation through the posting of 
items for sale and comments for those already 
present. 

Figure 1 b imagines how design choices 
might drive inclusion · of certain online higher 

education options into the same four quadrants. 
In the low/low quadrant are the most basic of all 

possible online course alternatives, little more 
than a syllabus posted on the web, or a listing of 

readings or a listing of assignments. The course 
would be virtually indistinguishable from a face

to-face course, except for the lack of a 
classroom, or perhaps a lecture being provided 
in text instead of verbally. 

The low ·individualization/high interactivity 

quadrant would contain those . courses that 
provide a number of student-prompted contents, 

such as ~ discussion board or a list of content 

options from which the student could choose, 
but those options would be available in the· same 
manner to any of the students· tak!ng the course. 
The courses available would be part of a 

standardized curriculum, similar to the choices 

g!ven the student of a traditional face-to-face 
program. Assessment may take a r~active form, 
such as online examinations that adjust the 
difficulty rating of questions while the exam is 

in process, according to the students ' responses, 
thus creating a unique assessment for each 
student. 

The high individualization/low interactivity 
quadrant would be characterized by programs as 

designed by the students compiled from existing 
courses, resulting in customized degrees, though 
without any true interaction at the conceptual 
level. 
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The high/high quadrant is defined by the 
confluence of the three factors previously 

mentioned . At this level, not only are 

. assessments reactive· to student input, but the 

courses and programs are as well. In the spirit of 
mi9romarketing and " mass customization, 

students are invited to create and manage a 
program · devised of distinct moduJes at the 

concept~al level instead of the "course" level: 
programs are reduced to or replaced by number 

of interchangeable mod~les, any given larger 
combination of which may be a program. For 

example, ~oncepts such as TQM or certain types 
of logistical models covered in a variety of 

courses across extant s_pecialties in a 
traditionally-designed business program, like 

operations management or marketing, would 
become i.ndependent modules to be combined 

and recombined by the student for his/her 
chosen program. Poor performance on any 

particular module may prompt .further inclusion 

of remedial modules. Any number of customized 

"majors" may be created out of these modules, 

combined in unique ways to respond to student, 
employer, or environmental needs. In fact, 

students, employers, faculty and essentially any 
stakeholder to the college could be allowed to 
collaborate in creating potential module 
pathways to a given program ( mass 
collaboration). And the program content itself 

could b~ reactively instigated: based on the 
previous choices or positive learning outcomes 
of the particular student, potential modular 
additions are prompted according to 
collaborative-filtering-based choi.ces of similar 

students: 
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Modularity -- as defil)ed herein -- is . 

n:iarkedly different from the way it is rout_inely 
discussed in the online education literature. 

While the modules discussed in this paper are 
simply smaller conceptual co~ponents meant to 
replace courses entirely, modularization in the 
literature typically refers to standardizing the 
manner in which the course is presented, in units 



comprised of lecture-reading-discussion blocks 

[ 12], or as a small number of courses 

conceptually linked to one another like a mini

program [ 13]. 

When addressed thusly, the product of online 

higher education is removed from the surface

level pedagogical challenges, staffing issues, 

faculty development issues, intellectual property 

issues, and assessment issues of common focus 

in the literature [14] [15]. Instead, a basic issue 

is revealed: the best possible online learning 

may not be the one that most closely emulates 

traditional higher education. 

Pran<iion 

Similarly, each of the remam,~g marketing 

mix variables would be addressed in the 

inve.ntory. Promotion is defined as the 

communications efforts of the marketing 

organization, including advertising, public 

relations, branding, sales promotion, selling, et 

cetera. 

As the objective of marketing mix 

formulation is finding some combination of 

elements that work together (as opposed to 

finding the optimal product or promotion in 

isolation), the consideration of promotional 

issues should be influenced by the outcom·e of 

the product analysis. If our product analysis 

argues that the best online higher education is 

discontinuous with respect to its traditional 

cousin, then the promotion should develop along 

those same lines of differe~ce. If the target 

market is different (as we have argued above, 

non-traditional with respect to temporal and 

locational requirements, but just as likely 

different in terms of additional demographic, 

psychographic, and purposive characteristics), 

then the message and the media in which it is 

embedded should conform to the peculiarities 

and idiosyncrasies of that new market. 

A branding challenge may arise: should the 

alternative online university carry a different 
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name than its traditional host. Growing pains for 

the online effort may translate into bad press for 

the sponsor university, or just differing 

expectations of the unique target markets may 

cause confusion to the point where separate 

identities are inevitable; for example, 

Chapman's decision to re-brand its extension 

entity to Brandman after decades · of operation 
under the same name. 

Particular emphasis should be placed on the 

interactive nature of building the program and 

the promotion it uses to communi~ate with 

stakeholders and the outside world. In the public 

relations literature, a whole stream of research 

has been dedicated to the importance of building 

communications content with the participation 

of consumers, various members of the sponsor 

organization, and other interested parties 

through dialogidty [ 16]. Dialogicity is the 

creation of a meaning space shaped and shared 

by all parties through dialogue; contents on a 

organization' s website should be collaboratively 

, created and designed in such a way to be 

welcoming to the participation of others. Kent 

and Taylor note five principles which help foster 

dialogicity: 
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The Dia/age Loop. Allow feedback from 

audiences to be embedded in the [public 

relations] tactic itself. It ' s meaningless to utilize 

an interactive medium if the content is static: a 

book is not a classroom, and interaction should 

go beyond comment to incorporate design. 

The Usefulness d I nfamation Stes. Make an 

effort to include information of general value to 

all publics. Information comes from instructor' s 

overview, connection to other web sources, 

interpretations of and collaboration from other 

student users (the wiki univers ity). 

The Generation d Return Vists Sites should 

contain features that make them attractive for 

repeat visits. Think of the information as existing 

in layers to facilitate learning - an introduction, 



an elaboration, a discussion, an assessment, a 

follow-up. 

The Intuitiveness d the Interlace. Visitors who 

come to websites for informational purposes, or 

even for curiosity, should find the sites easy to 

figure out and understand. New information is 

difficult enough for the student to deal with: 

Access to that information shouldn' t be a further 

burden, perhaps even auto-driven. 

The Ruled Cmservatiai d Vistors Designers 

of Web pages should be careful about links that 

can lead visitors· astray. A multitude of 

perspective·s pervade any subject matter: A web 

course should provide access to those 

perspectives, yet provide guidance to the student 

as to how to incorporate them. 

This notion of dialogicity, of course, is in 

accordance with the aforementioned principle ·of 

mass collaboration, where stakeholders such as 

students and community employers participate 

in the creation of the curriculum through 

suggested module combinations, but can easily 

extend to the promotion content, promotion 

media, and brand image . decisions as well. 

Furthermore, this would also seem to suggest 

that universities take care not to relegate the 

responsibility of managing its on line offerings to 

a single entity on campus: good online programs 

need the participation of multiple parties, not 

·just an extension director. 

Price 

Price is defined as all those decision elements 

that reflect the value for which the product is 

exchanged. Following from the previous 

analysis, a price should be determined which 

would attract the non-traditional target market. 

Price can also be used to encourage desired 

behaviors; for example, if the university wi.shes 

to persuade students to collaboratively design 
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their own programs, they ·could create a pricing 

incentive for students who do so. 

The pricing challenges and opportunities such a 

venture provide will be many. Does cutiorriZEX:J 
product have cutiorriZEX:J price? Even if there are 

ad_ditional costs to prcw iding one set of modules 

over another. Are there potential targdfri 
prorrotion opportunities? Are there bundling 
opportunities? Perhaps students of the traditional 

university could be offered a deal on a second 

major through the online entity. Does the 

· transparency of online pr~grams encourage price 
5!1opping? The university may have to consider 

means by which · to discourage arbitraging 

between the online and tradit!onal offerings. 

Place 

Place is defined as all those processes and 

mechanisms that take the product from the 

producer into the hands of the consumer; place 

is also known as distribution, and comprises 

those decisions having to do with outbound 

logistics, channels, retailing and wholesaling, et 

cetera. 

Online education, like all online services, is 

subject to disintermediation, or the removal of 

the "middleman." On the positive side, 

disintermediation means no sharing of control 

with an intermediate partner, and certainly no 

sharing . of revenues. On the negative side, 

disintermedi~tion means no ready access to . . 

markets served by an intermediary partner. 

Another challenge is providing . the customer a 

recognizable "retail setting" in an essentially 

ephemeral environment with limited aesthetic 

cues and nonexistent tactile cues. 

The most important distribution . issue, 

· though, given the analysis to this point is the 

delivery of the product in a modality that 

supports the suggested mass customization and 

mass collaboration. And that is a technical issue 

beyond the scope of marketing discourse. 
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3. · Summary and Coodusoo 

The gist of the argument of this paper is this: 

the goal of any effort in online higher education 

need not be the faithful reproduction of the 

traditional classroom. The internet affords the 

educator certain advantages and disadvantages 
with respect to the face-to-face environment. 

Overemphasis on eliminating those 

disadvantages distracts the educator from 

focusing on the potential advantages. Online 
education can reach a new target market. It can 

also stimulate the creation of a virtual 

constellation of new market-driven curricula 

through collaborative efforts . with its 

stakeholders. Educators should focus their 

efforts on making online the best it can be, and 

not just the best approximation of something 

else. 
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