
 
 
 

This item is held in Loughborough University’s Institutional Repository 
(https://dspace.lboro.ac.uk/) and was harvested from the British Library’s 
EThOS service (http://www.ethos.bl.uk/). It is made available under the 

following Creative Commons Licence conditions. 
 
 

 
 
 

For the full text of this licence, please go to: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ 

 



Quality Assessment of E-Commerce Websites Using 

Bayesian Belief Networks 

By 

Osama Rababah 

A Doctoral Thesis 

Submitted in partial fulfilment of the requirements 

for the award of Doctor of 

Philosophy of Loughborough University 

15th June 2007 

© By Osama Rababah 2007 



Acknowledgements 

Acknowledgements 

I would like to thank several people, whose help and assistance made this thesis possible: 

I would like to acknowledge with particular gratitude the assistance of my supervisors, Ray 

Dawson and Dr. Roger Knott. I am also indebted to my previous teacher Dr. Fawaz 

Masoud at the University of Jordan for introducing me to the wonderful and exciting world 

of belief networks, and for contributing a great deal to my understanding of the field. I am 

also grateful to many of my colleagues and to other people on the Internet who helped me 

by discussing quality of E-commerce websites issues, participating in the questionnaire 

survey or the code review experiment described in this thesis. 

Finally, I would like to thank my parents, brothers, sisters for their help and supports and 

my wife for her loving forbearance during the long period it has taken me to conduct and 

write up this research project. All of the above have helped me tremendously in either 

allowing me to work, helping me to work, or stopping me working too much ! 

2 



Abstract 

Abstract 

This thesis raises the issue of quality in E-commerce websites and addresses 

methodologies and approaches to standardize their assessment. The thesis blends the 

knowledge of academic research with the opinions and insights from experts and 

practitioners in the field to provide a comprehensive view of the issues and their 

remedies. 

The most experienced and successful E-commerce companies are beginning to realize 

that key determinants of success or failure are not merely a web presence or a low price 

but delivering a high quality website. Recent research shows that price and promotion 

are no longer the main draws for customers to make a decision on a purchase. More 

sophisticated online customers would rather pay a higher price to a provider with high 

quality service. 

Given that the establishment of an E-commerce website is mainly a software 

development effort; there are several standards that apply in governing the quality of 

such development. There seems to be an almost overwhelming abundance of quality 

standards that lead to a high level of cynicism and skepticism surrounding them and the 

eventual lack of use. Furthermore, no standard can directly predict the quality a website 

under development is going to achieve. 

Past approaches concerning the quality of E-commerce websites emphasize usability 

standards using techniques like feature inspection and collecting data about end-users' 

opinion by questionnaires. These methods provide important feedback and their results 

can be utilized as a useful background for future work, however, they do not contribute 

directly to a dynamic model that enables forecasting. The study of quality in the domain 

of the Internet in general, and E-commerce in particular, poses new challenges as 

technology evolves, including methods and metrics for estimating, managing quality 

during the product life cycle and quality-of-use measurement. 

The solution proposed by this research is to use a Bayesian Belief Network model. This 

model provides a consistent and practical approach to assessing the quality of the 
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Abstract 

website. The assessment can be carried out before the completion of the website 

development, thus, providing insight on the trend and direction for correction and 

improvements. It can also be carried out on completed and operational work, providing 

analysis of areas for improvement. The model should be relatively quick and practical 
in providing an overall comprehensive assessment with root-cause analysis that would 
lead to corrective measures to improve the quality of the E-commerce website. 

In this research idioms were applied in realizing a complete Bayesian Belief Network 

model. The conclusions are measured against comparative assessment to validate the 

practical benefits of the work accomplished. The WebQual method was utilized to 

validate the "belief" established by the model. 
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Chapter 1 Introduction 

Chapter 1- Introduction 

1.1 Introduction 

This chapter provides an overall context to the thesis. The chapter begins with an 

introduction to the concepts of E-commerce websites, starting with a background of the 

Internet that hosts E-commerce operations, and progressing onward to outlining issues 

and identifying root-causes that motivated the efforts and work of the thesis. 

This thesis raises the issue of quality in E-commerce websites and addresses 

methodologies and approaches to standardize on their assessment. The thesis blends the 

knowledge of academic research with the opinions and insights from experts and 

practitioners in the field to provide a comprehensive view of the issues and their 

remedies. The focus is on regional opinions and input to make the thesis relevant to the 

author's locale and local environment. 

1.2 History of the Internet 

The Internet is named after the Internet Protocol, the popular and standard 

communications protocol used by every computer on the Internet. The essence of the 

Internet lies in its ability and power to find, manage, and share information between 

computing equipment and its users (Mowery and Simcoe, 2002). 

The early Internet was used by computer experts, engineers, scientists, and librarians. 

There was nothing friendly about it. There were no home or office personal computers 
in those days, and anyone who used it, whether a computer professional or an engineer 

or scientist or librarian, had to learn to use a very complex system (Mowery and 
Simcoe, 2002). 

The Internet was designed, in part, to provide a communications network that would 

work even if some of the sites were destroyed by nuclear attack. If the most direct route 
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was not available, routers would direct traffic around the network via alternate routes 

(Wikipedia, 2005). 

According to the Massachusetts Institute of Technology Museum (Wikipedia, 2005), 

Licklider is one of the most influential people in the history of computer science and is 

considered the founding father of the Internet. Licklider, a professor at Massachusetts 

Institute of Technology (MIT), saw great potential value in allowing computers to share 

information on research and development in scientific and military fields. He first 

proposed a global network of computers in 1962, and moved over to DARPA (Defence 

Advanced Research Projects Agency) in late 1962 to head the work to develop it. 

Kleinrock of MIT developed the theory of packet switching, which was to form the 

basis of Internet connections (Wikipedia, 2005). Roberts of MIT connected a 

Massachusetts computer with --a California-computer-in -1965 - over dial-up -telephone 

lines. It showed the feasibility of wide area networking, but also showed that the 

telephone line's circuit switching was inadequate (Mowery and Simcoe, 2002). 

Kleinrock's packet switching theory was confirmed. Roberts moved over to DARPA in 

1966 and developed his plan for ARPANET an Advanced Research Projects Agency 

Network. The ARPANET was the foundation of the Internet network (Wikipedia, 

2005). 

Services like email found their first usage through the ARPANET system, and its 

obvious benefits were lauded by all who participated (Leiner et al, 1997). The bulletin- 

board system, Usenet, was developed in the mid to late 70s (Wikipedia, 2005). In the 

early 80s, all of the main universities in the United States were connected to the network 

and used it for transmitting experimental data and educational resources. It was found to 

be an excellent method of sharing information (Wikipedia, 2005). According to the 

Computer History Museum (2004), in 1973 the first international connection was made 

to the University College of London in England. 

1.3 The World Wide Web 

The introduction of personal computers in the late 80s brought a large new audience to 

the developing Internet. They used email and participated in discussions on networks 
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like Usenet. IRC (Internet Relay Chat) became available in 1988 and communities 

formed in Internet chat rooms (Leiner et al, 1997). 

In 1991, the World Wide Web was introduced, developed by Berners-Lee (Berners-Lee, 

2004), with assistance from Caillau during their work at CERN (Conseil Europeen pour 

la Recherche Nucleaire, or in English, the European Organization for Nuclear Research) 

- the world's largest particle physics laboratory (Berners-Lee, 2004). Berners-Lee saw 

the need for a standard linked information system accessible across the range of 

different computers in use. It had to be simple to gain acceptance and popularity. He 

produced some pages and was able to access them with his 'browser' (Berners-Lee, 

2004). Researchers became interested and started designing web sites and browsers. In 

1993 the first proper web-browser, Mosaic, was available to the public effecting an 

immediate boom in the Web (Abbate, 1999). 

The Web is an immense collection of web pages. Web pages are documents that 

contain knowledge content, images and links to other web pages. Every collection of 

web pages is hosted in what is called a web site. Services were set up for domain 

registration (Wikipedia, 2005) and web sites developed by educational institutions, 

commercial entities and even individuals started to emerge. According to Gray (Leiner 

et al, 1997) of MIT, the web grew from 130 sites in 1993 to over 650,000 in 1997. This 

number quadrupled by 2004 (Wikipedia, 2005). 

1.4 E-commerce Foundation 

The Internet and World Wide Web were a viable seed for E-commerce (Electronic 

Commerce). In 1995, a web site called Amazon. com was launched offering a service for 

book purchases over the Internet. This highly successful experimental venture by 

Amazon's founder, Bezos, ushered in the rise of E-commerce (Newmedia, 2006). 

According to Albuquerque and Belchior (2002), E-commerce is an excellent alternative 
for companies to reach new customers. 

For a better understanding of the qualities of E-commerce websites, one should 

understand the essence of commerce itself. Commerce is about the trade transactions 
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(sales and purchases) with the objective of supplying commodities (goods and services). 

Commerce and merchandise are said in the Qur'an "to be of God. " Surah xvii. 68: "It is 

your Lord who drives the ships for you in the sea that you may seek after plenty from 

Him; verily He is ever merciful to you. And when distress touches you in the sea, those 

whom you call upon, except Him, stray away from you; but when He has brought you 

safe to shore, you also turn away (from God); for man is ever ungrateful. " 

Tracking back to 2000 BC, the Phoenicians are a landmark in the history of commerce. 

They made commerce possible by building and riding ships that broke the bonds of 

geography and developed a flourishing trade with other peoples. The ability to connect 

is key in commerce and the facility to exchange is essential. Otherwise, with no trade 

transactions, there is no meaning to commerce (Rhodes Greece history, 2007). 

The Greeks were able to dominate their Phoenician counterparts by introducing certain 

improvement elements to their commerce. Unlike the Phoenicians, the Greeks did not 

limit themselves to refined products like spices, jewels, precious cloths, but traded in 

items of basic necessity and low cost such as oil and wine, ceramic jars, metals, fabrics 

and utensils, and they traded these things in great quantities. It is easy to understand 

how this type of commerce established completely new exchange relationships between 

people when it was being addressed to the masses instead of merely the elite and 

monarchs. Attention was on both the quality the relationships established and the 

material itself. Trade not only served the rich and powerful, but the widest range of 

social classes. Every person, whether civilized or barbarian, or whether of the highest or 

lowest rank, is a potential buyer or seller of goods according to the Greeks, and this 

made trade a powerful tool of wealth and control for the Greeks (Rhodes Greece 

history, 2007). 

Like the Greeks, the Internet in its technology breakthrough has enabled access to 

electronic trade for the masses allowing E-commerce to potentially expand relationships 

in large quantities. However, it is important to base any measure of an E-commerce 

website on the qualities of the basic elements of commerce itself - connection and trade. 

According to Albuquerque and Belchior (2002), many E-commerce websites have a 

short life because they do not meet the minimal software quality requirements. Wayne 

(2000) states that the new paradigm of E-commerce is built, not just on transactions, but 

19 



Chapter 1 Introduction 

on building, sustaining and improving relationships, both existing and potential. A 

framework is needed to ensure quality is sustained in an E-commerce website to secure 

both the customer relationships and the service of goods. 

The term E-commerce is loaded with meanings depending on the context in which the 

term is used. Kalakota and Whinston (1996) provide a four-perspective definition: 

" Communications perspective. A delivery of information, products/services, 

or payments over telephone lines, computer networks or any other electronic 

means. 

" Business process perspective. An application of technology towards the 

automation of business transactions and workflow. 

" Service perspective. A tool to address the desire of firms, consumers, and 

management to cut service costs while improving the quality of goods and 

increasing the speed of service delivery. 

" Online perspective. E-commerce provides the capability of buying and 

selling products and information on the Internet and other online services. 

For the purpose of this thesis, E-commerce will be defined as: 
"the technology and the implementation of specific software that facilitates 

conducting on-line retail purchases ". 

E-commerce is one of the most misunderstood information technologies (Kalakota and 
Whinston, 1996). For instance, there is a tendency to categorize E-commerce in terms of 

two or three major types, such as electronic retailing or online shopping (U. S. Census 

Bureau, 2006). However, E-commerce is as old as the computer and software industries 

themselves and predates the Internet era of the 1990s (Kalakota and Whinston, 1996). 

There is no standard taxonomy of E-commerce technologies, but they do include major 

categories such as magnetic ink character recognition, automatic teller machines, 

electronic funds transfer, stock market automation, facsimiles, email, point of sale 

systems, Internet service providers, and electronic data interchange, as well as electronic 

retail trade and shopping websites (Kalakota and Whinston, 1996). Figure 1-1 shows the 

timeline and history of E-commerce. 
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SECOND GENERATION THIRD GENERATION FOURTH GENERATION MID FOURTH GENERATION 
(Transistorized 1950 (Integrated Circüt 19&44C (Microgrocessor19804990) (Nicrcprocessor199Ofresent) 

" MICR 

s ATM 
" EFT 
+ NYSE 
+FAX 
+ Email 
a POS 
+ DOT 
" Compuserve 
" EDI 

+ Super DOT 

+ Books 
+ Clothing 
* Computers 
" Software 
" Health 
" Electronics 
+ Food 
+ Furniture 
+ Music 
* Sports 
" Toys 
" Transportation 

+Automotive 
+Vehicles 
" Brokerages 

" Finance 

(T1lis is oral a, a jxrrtiar' 

Figure 1-1: Timeline and history of E-commerce (Frico, 2007a) 

21 

. 11 



Chapter 1 

1.5 E-commerce Service Types 

Introduction 

The terms e-Business and E-commerce are often used interchangeably. Today 

E-commerce is classified by the type of business and involved parties conducting the 

business on-line. The popular types are (Pham and Tran, 2003): 

" Business-to-Business (B2B) facilitating supply-chain and bid-fulfilment and 

marketplace type transaction among business entities. 

" Business-to-Consumer (B2C) facilitating public consumers' engagement in on- 

line retail purchases. 

9 Consumer-to-Consumer (C2C) facilitating open-market or flea-market style 

trade transactions. 

" Consumer-to-Business (C2B) facilitating freelance-type services for business 

organizations. 

The focus of this research is on the B2C type of E-commerce operations. Unless 

otherwise stated, any reference to E-commerce in the thesis is actually a reference to the 

B2C type of E-commerce operation. However, the goal of this research focuses on the 

quality of the software behind such applications. The results obtained from this research 

could be applied to all above mentioned types. 

According to United States Census Bureau (U. S. Census Bureau, 2006), 2004 revenues 

from B2C exceeded 130 Billion Dollars, accounting for 45% of the total trade on the 

Internet. 

1.6 A Framework for E-Commerce Website Quality 

Santos (1999) presents a method of evaluating the qualities of a website. In his 

publication, Santos puts greater emphasis on the methodology and process taken to 

build the software than the final outcome of the product, its reliability and capabilities. 
The process steps that the evaluators should follow when applying the method are: 
1. Selecting a site, or a set of competitive sites, specific to a domain, 

2. Specifying goals and the user view, 

3. Specifying in a standard-compliant way, website quality characteristics and 

attributes, 
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4. Defining the evaluation criterion for each attribute, and applying attribute 

measurement, 

5. Aggregating elementary attributes to yield the global quality preference. 
In this stage, an aggregation and scoring model should be selected and applied. The 

hierarchically grouped attributes, sub-characteri sties, and characteristics will then be 

related by arithmetic or logic operators accordingly. According to Santos (1999), the 

core models and procedures for artifact evaluation are supported by a model known 

as the Logic Scoring of Preference (LSP) model. According to Santos (1999), in 

order to design the LSP aggregation schema, the following key basic questions 

should be answered: (1) what is the kind of relationship among this group of related 

attributes/sub-characteristic, etc.?, is it either a conjunctive, or disjunctive or neutral 

relationship?; (2) what is the relative importance or weight of each element into the 

group? 
6. Analyzing, assessing, and comparing partial and global outcomes. 

The process results may be useful to understand, control, and improve the Web 

artifacts' quality in small, medium and large-scale projects. Unfortunately this method 

is advocated without the requirement to put a standard in place. In following these 

procedures, anyone can use their own perception of the attributes and quality 

preferences. Furthermore, although Santos's method of aggregating attributes may be 

useful, it has been applied only on a relatively simple enumerating, qualifying, and 

quantifying of all the attributes, a process first used in the 1960s (see Section 2.9) that 

has now been superceded with the use of more web-oriented models of website quality. 

According to Albuquerque and Belchior (2002), the quality of an E-commerce site can 
be attributed to a number of factors. Their research, based on a fuzzy logic model, 
identifies a hundred and sixteen quality sub-factors for E-commerce website developers 

to consider, contained in eighteen quality factors. The research, however, stops short of 
identifying the inter-relations and co-dependencies among these factors and sub-factors. 

Pressman (2005) establishes a framework to effectively connect attributes of an 
E-commerce website quality with the efficient use of technology and the effective 

usability in the perspective of the end-user. To attain the desired quality of website 

software, it is necessary to produce a framework and model that enables evaluation of a 
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website's quality. According to the International Standards Organization (ISO, 2001) 

the main purpose of software quality evaluation is to supply referential quantitative 

results for software products that are reliable, understandable and produce user 

satisfaction and economic return. 

Many of the metrics and quality models currently available for software analysis can be 

applied only after a product is complete or nearly complete (Bansiya and Davis, 2002). 

According to Stefani and Xenos (2001), there is a need for a model that can be applied 

in the early stages of website development to ensure that the analysis and design have 

favorable internal properties and to provide the opportunities for the developers to 

prevent problems, remove irregularities and non-conformance to standards and 

eliminate unwanted complexity early in the building effort. Furthermore, at the core of 

assessing quality is identification of the quality factors of a system and the identification 

of the cause-effect relations among them (Curtis et al., 1979). 

1.7 Quality Perspectives of E-commerce 

E-commerce represents a new way of conducting business transactions in the area of 

buying, selling or exchanging products, services and information. This represents a new 

perspective in consumer experience and customer satisfaction. A framework for 

assessing the qualities of an E-commerce website is the essence of this thesis. An 

E-commerce website, typically, consists of the following business functions: 

" Electronic presentation of information, products and services for purchase and 

payment facilities 

" Automation of business transactions and workflow to facilitate the business 

transaction at the consumer front-end from selection to tendering, and at the 

business back-end from inventory fulfilment to final shipment. 

Quality has been identified as an emerging issue in the E-commerce technical 

community (Summers, 2001). According to Fenton and Pfleeger (1997), quality is a 

property of a product (i. e. it applies to some entity, like the website, or some prototype, 

or its information architecture), which is defined in terms of a system of attributes, like 

readability or coupling. 
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Quality is specified further as a composite property involving a set of interdependent 

factors such as functionality, reliability, efficiency, usability, maintainability, 

portability, presentation quality, appeal, content, function adequacy, navigability, code 

complexity, code readability, code flexibility, page coupling, modifiability, response 

time, transaction throughput and robustness. A number of measurement methods 

(metrics) have to be defined in order to assess the attributes that a certain product 

possesses. These aspects taken together are called the quality model of the particular 

product. 

1.7.1 Quality Characteristics for E-commerce Applications 

Businesses and individuals can use E-commerce to reduce transaction costs by 

improving the flow of information and increasing coordination of actions. It can be done 

by reducing the cost of searching for information about potential buyers and sellers and 

increasing the number of potential market participants. An ideal E-commerce system 

can result in reducing costs, improving product quality, reaching new customers or 

suppliers, and creating new ways of selling existing products. A quality E-commerce 

application has the following characteristics (Summers, 2001): 

" Its Web site contents can attract customers. 

" Its Web technology can efficiently process online transactions. 

" Its supplementary services can facilitate online transactions and sales. 

" Its security mechanisms assure transaction integrity against malicious actions 

and fraud. 

The software behind any E-commerce website is, in essence, the virtual organization 

and business operation of that site. Having the right understanding and assessment of 

the qualities of that software is the key to formulating budgetary and contingency plans 

and activities in managing and maintaining the website and forecasting and predicting 

outcome and benefits from its operation. Having a working framework with an 

intelligent engine for evaluating E-commerce website qualities provides an effective 

mechanism for automating and standardizing such a process. 
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1.8 Aims and Objectives 

The aim of this research is: 

1. To provide a framework for assessing the quality attributes of an E-commerce 

website and their interrelations. 

2. To provide an engine that automates quantification of E-commerce website quality 

levels. 

In order to achieve this, the following objectives were set: 

1. To study the published literature and case studies on the subject 

2. To analyze and draw conclusions from these studies. 

3. To establish the quality factors to measure a website using expert opinion on 

their interrelations and their level-of-importance. 

4. To develop an intelligent measuring engine to quantify these quality factors. 

5. To test the engine against live operating websites of public E-commerce 

organizations in the B2C domain. 

6. To draw up a set of guidelines in the form of a framework for the application 

of the engine on E-commerce websites 

7. To disseminate the findings through published papers and the publication of 

this thesis. 

1.9 Thesis Layout 

The following summarizes the remaining chapters of this thesis: 

Chapter 2: Literature Review 

This chapter reviews and analyses the relevant literature to identify the challenges faced 

in E-commerce software quality. The chapter provides the theoretical foundation on 

which the research is based. 

Chapter 3: Methodology 

This chapter describes the methodology used to develop the working model reported in 

this thesis and the statistical justification for it. 
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Chapter 4: Quality Factors 

Introduction 

This chapter defines and categorizes the quality factors for measuring an E-commerce 

website. 

Chapter 5: Quality Factors Interrelations 

This chapter assesses and defines the interrelations among the quality factors identified 

in the previous chapter. 

Chapter 6: Bayesian Belief Network 

This chapter describes the development of the Bayesian Belief Network (BBN) domain 

and assessment model, "EWQPNet". 

Chapter 7: Analysis of the Model 

This chapter describes the application of the model in an E-commerce study and shows 

how the model can be usefully applied. The chapter examines the significant changes to 

the traditional processes of manually evaluating the quality of an E-commerce website 

with the introduction of the model developed in this research. 

Chapters 8- 10: Application of the Model 

These chapters provide guidelines and exemplify the application of the model on actual 

websites to illustrate the usage and potential benefits of the model derived in this thesis. 

Chapter 11: Conclusion and Recommendations for Further Work 

This chapter summarizes the whole thesis, relating the achievement to the aims and 

objectives set out in this introductory chapter, and provides recommendations for future 

work. 

The overall conclusion is that the research has been successful in satisfying its aims and 

objectives and that the working framework produced should be useful for any company 

to use in evaluating the qualities of E-commerce software. 
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Chapter 2- Literature Review 

2.1 Introduction 

This chapter explores the subject of E-commerce, and in particular, the role quality 

plays in influencing the success of an E-commerce website. It is based on material 

gathered from various books, journals and newspapers. The chapter examines quality 

standards, measures and models that help in assessing E-commerce websites. 

The available published work is evaluated in order to properly determine why this 

research project is needed and the areas it compliments. By identifying the gaps in 

existing published material on the subject, this chapter forms a justification for the aims 

and objectives of the research stated in Chapter One. 

2.2 E-commerce 

E-commerce can be defined as a forum for sharing business information, maintaining 
business relationships and conducting business transactions by the means of 
telecommunication networks (Zwass, 1996). 

With the increasing development of new technology, the studies in the field of 
E-commerce have become more and more attractive. Many research efforts and journals 
have been written on the value and the business impact E-commerce poses in our lives 
(e. g.: Kalakota and Whinston, 1996; Advocate, 2001; Schneider and Perry, 2000; and 
Pham and Tran, 2003). Today E-commerce is growing. Data confirms that an 
increasing number of enterprises are investing in the creation of E-commerce systems 
for their organization and the continuous expansion of economic and commercial 
transactions through the Internet (Stefani et al., 2003). At one point both the CNN and 
the BBC claimed that there were about 20 million web-based businesses in existence 
(Pather et al., 2003). 

The presence of E-commerce has managed to overcome the barriers to conducting 
global commerce (Wang, 2003). According to Wang (2003), consumers accessing 
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websites today are insensitive to the country of origin and the legal structure behind 

E-commerce and the services offered. Customer loyalty has become a challenge for 

business (Zwass, 1996). 

E-commerce websites are becoming increasingly complex systems. Hence, an integral 

quantitative evaluation process regarding all relevant quality characteristics is also a 

complex issue (Santos, 1999). According to Pressman (2005), the duality of roles an 

E-commerce website plays between a store front that displays merchandise goods for 

purchasing and a system that facilitates and automates the business process from 

purchasing to fulfilment, makes it a challenge to establish a framework that guarantees 

quality and user satisfaction. 

2.3 Quality Defined 

There are many different definitions of quality (Crosby, 1995; Deming, 1982; 

Feigenbaum, 1991; Ishikawa, 1985, Juran, 1993; Oakland, 1995; Shingo, 1986; Taguchi 

et al, 1989). Table 2-1 shows a number of acknowledged definitions. 

- Table 2-1 - Definitions of Quality - 

Reference Definition or Interpretation of quality 

Crosby, 1995. Conformance to requirements. 

Deming, 1982 Defined only in terms of the agent who is the judge of quality. 

Feigenbaum, 1991 The composite product characteristics of engineering and 

manufacture that determine the degree to which the product in 

use will meet the expectations of the customer. 

Juran, 1993 Product performance, freedom from defects, and fitness for use. 

Oakland. 1995 Meeting customers' requirements. 

Shingo, 1986 Zero defects. 

Taguchi et al., 1989 Quality is the totality of losses suffered by society due to 

deviations of product performance characteristics from their ideal 

target values. 
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International standards organizations also define quality. A selection of International 

definitions is shown in Table 2-2. 

- Table 2-2 - International standards definitions of Quality - 

Reference Definition or Interpretation of quality 

Oxford, 2002 Degree of excellence 

German Industry Quality comprises all characteristics and significant features 

Standard DIN of a product or an activity which relate to the satisfying of 

55350 Part 11 given requirements. 

ANSI Standard Quality is the totality of features and characteristics of a 

(ANSI/ASQC product or a service that bears on its ability to satisfy the 

A3/19713) given needs. 

IEEE Standard The totality of features and characteristics of a software 
(IEEE Std 729-1 product that bear on its ability to satisfy given needs: for 

GG3) example, A) Conform to specifications. B) The degree to 

which software possesses a desired combination of attributes. 
C) The degree to which a customer or user perceives that 

software meets his or her composite expectations. D) The 

composite characteristics of software that determine the 

degree to which the software in use will meet the expectations 

of the customer. 

ISO/IEC 9126 The totality of features and characteristics of a software 

(1991) product that bear on its ability to satisfy stated or implied 

needs. 

Quality in terms of E-commerce may be hard to define (Fitzpatrick et al., 2004). 

However, several successful attempts have been made to give it a clear definition. 

Gefen (2002) defines E-commerce quality as a type of service quality. According to 

Gefen (2002), service quality is the subjective comparison that customers make between 

the quality of the service that they experience against what they perceived and initially 

expected. This definition is also reflected in work by Watson et all (1998). 
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Zeithaml et al (2000) define quality for E-commerce in terms of seven dimensions 

consisting of: 

1. Efficiency: referring to the ability of the customer to get to the Web site, find their 

desired product and information associated with it and to check it out with minimal 

effort. 

2. Fulfillment: incorporating accuracy of service promises, having products in stock 

and delivering the product within the promised time. 

3. Reliability: associated with the technical functioning of the site, particularly the 

extent to which it is available and functioning properly. 

4. Privacy: including assurances that shopping behavior data are not shared and that 

credit card information is securely held. 

5. Responsiveness: measuring the ability of a company to provide appropriate 

information to customers when a problem occurs, and the mechanism for handling 

returns and an arrangement for online guarantees. 

6. Compensation: facilitating the refunds and the return of goods. 

7. Contact points: enabling customers to be able speak to a live customer service agent 

online or by phone. 

According to Zeithaml et al (2000), quality plays a pivotal role to attracting and 

retaining customers of E-commerce operations, and a high rating in these seven aspects 

assures this. However, there is no guidance on to how to measure and attain a high 

rating in each dimension. 

The study of quality in the domain of the Internet in general, and E-commerce in 

particular, poses new challenges as technology evolves (Fitzpatrick et al., 2004). 

According to Fitzpatrick et al. (2004), challenges include methods and metrics for 

estimating, managing quality during the product life cycle and quality-of-use 

measurement. 

2.4 The Importance of Quality on E-commerce 

The most experienced and successful E-commerce companies are beginning to realize 

that key determinants of success or failure are not merely web presence or low price but 

31 



Chapter 2 Literature Review 

delivering on a high quality website. Recent research shows that price and promotion 

are no longer the main draws for customers to make a decision on a purchase. More 

sophisticated online customers would rather pay a higher price to a provider with high 

quality service (Schneider & Perry, 2000). 

According to Schellhese et al (2000), when consumers conduct a purchase across the 

border, they will have concern as to whether they will receive quality services from a 

"foreign" E-commerce website. It concludes that attention to quality is of paramount 

importance for E-commerce success. This has been the trigger motivation for the author 

in formulating this thesis. 

Quality has been established as a key factor in ensuring the success of E-commerce in 

attracting and retaining customers (Stefani et al., 2003). To this end, it is necessary to 

define what constitutes a high-quality E-commerce website and a methodology for 

evaluating the quality of E-commerce websites (Burrows, 1999). 

2.5 Overview of Website Evaluation 
The common issues found in the literature relating to website evaluation are quality 

(e. g. Dran et al., 1999, Cox and Dale, 2002, Mich et al., 2003), Web design (e. g. Gehrke 

and Turban, 1999, Thelwall, 2003), and usability (e. g. Nielsen, 1995, Palmer, 2002, 

Agarwal and Venkatesh, 2002, Konradt et al., 2003). Researchers have adopted the Web 

quality concept from the quality of product or service (e. g. Cox and Dale, 2002, Day, 

1997). For example, Dran, Zhang, and Small (1999) adopted Kano's Model of Quality 

as a theoretical framework to evaluate the quality of websites. This model separated 

product and service quality into three levels according to customer expectations: 

expected, normal, and exciting. The entry level, "expected", refers to the minimum level 

of qualities, properties, or attributes that must exist for the system to function. These 

expectations are also known as the dissatisfiers because by themselves they are unable 

to fully satisfy a customer. The next higher level, "normal" identifies the "wants" or the 

satisfiers because they are the ones that customers will specify as though from a list. 

They can either satisfy or dissatisfy the customer depending on their presence or 

absence. The highest level, "exciting", as described by Kano, identifies the "wow" level 
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qualities, properties, or attributes. These are also known as the "delighters" or "exciters" 

because they go well beyond anything the customer might imagine and ask for. 

These researchers believe that quality in a product or service is not what the provider or 

seller put into it, but what the client or customer receives from it. Thus, a website should 

try to satisfy its customers' needs in order to ensure repeat visits from them, and gain 

their loyalty. 

In regard to Web design, Shneiderman (1997) provided an Objects/Actions Interface 

(OAI) model for Website design. This encourages designers of a website to focus on 

analyzing the relationship between the task and Web interface. Wan and Chung (1998) 

looked at problems in Web design from the perspective of network analysis. They 

suggested that care must be taken when designing the homepage, which is the entrance 

to the website. Gehrke and Turban (1999) suggested five major categories that should 

be considered when designing a website for a business: page loading, business content, 

navigation efficiency, and security and marketing/consumer focus. They argued that 

page loading is the most important factor in website design. Thelwall (2003) suggested 

shifting the focus on evaluating Web design from individual pages to aggregated 

collections based upon Web directories, domains, and the entire site. 

Undertaking a usability study usually needs high consumer or user involvement, and 

sometimes the study needs to be conducted in an experimental environment. Nielsen 

(1993,1995) provided guidelines and criteria to evaluate the usability of website design 

and suggested that every design project, including website development, should be 

subjected to usability testing and other validation methods. Toh and Pendse (1997) also 

suggested that Web pages should be designed for usability and understanding. However, 

a website with good usability cannot guarantee users' preference (Tullis, 1998). 

2.6 Measuring and Analyzing E-commerce Quality 
The measurement of quality in information technologies has been an issue of concern 
for a long period of time. This issue has had a great deal of attention from many 

researchers in the academic world (Remenyi et al., 1993; Seddon et al, 1999; and 
Delone and Mclean, 1997). 
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Lehman and Belady (1985) established a simple classification for information systems, 

being either E-type or S-type. An S-type system is one that is completely and totally 

defined, and is required to be correct with respect to a mathematically defined 

specification. An E-type system, on the other hand, resolves to expectations of the 

system. An E-type system is correct when it satisfies the user expectations. These 

expectations can be from any aspect of the system, such as quality, performance, user- 

friendliness, or any measure of system functionality or capability. 

A classification of information systems in terms of its quality indicators, categorized 

quality to three perspectives as shown in Table 2-3 (Whyte and Bytheway, 1996). 

Various studies related to the three perspectives outlined in Table 2-3 have produced a 

number of measures for evaluating informational systems such as E-commerce 

websites. These include system usage (Srinivasan 1985; Trice and Treacy, 1986), 

information value (Gallagher, 1974) and user satisfaction (Bailey and Pearson, 1983). 

The diversity of these various measures was initially a cause for concern, so Delone and 

McLean (1997) attempted to synthesize them into a unified model. The Delone and 
McLean (1997) Model of "Information Services Success" has been regarded by many 

authors as a major contribution (Molla and Licker, 2001) and has been the focus of 

several studies (e. g. Seddon et al., 1999). Pitt and Watson (1997) proposed a 

modification of this model to include a "Service Quality" component. This modification 

was endorsed by Delone (2003) together with other modifications integrated to the 

updated Information Services Success Model (Delone, 2003). 

Some researchers have highlighted the problem of inadequate measures for assessing 

the benefits of investments in Information Technology (Miller and Doyle, 1987; Molla 

and Licker, 2001). There is a considerable difficulty in measuring the quality of 
informational systems and there lies some difficulty in searching for appropriate metrics 
(Arnold, 1995). 
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Notwithstanding the literature review concerning the difficulty in developing measures, 

there is still a need for an indicator of the success of a company's E-commerce website. 

One possible indicator is that of user satisfaction. Various sources have argued that 

measuring satisfaction of users is useful as a surrogate indicator of information system 

quality. The utilization of user satisfaction for measuring quality is discussed in the next 

section. 

Table 2-3 - Perspectives on IS Effectiveness Adapted from Whyte and Bytheway (1996: 75-77) 

Product Process Service 

The product which is The process that creates the system Deals with softer issues 

delivered to the users e. g. RAD approach, end-user e. g. answering 

e. g. actual software approach. questions, dealing with 

problems, addressing 

concerns of users. 

It is argued that early Increased systems complexity, the The emergence of a 

IS research has chosen increasing number of unsuccessful service perspective 

to deal with the systems and a growing systems introduces the idea of 

product viewpoint, development backlog led to a shift in user satisfaction as a 
focusing on the more attention from the product means of assessing 

tangible attributes and perspective to the process viewpoint. effectiveness. 

characteristics of The studies once again concentrated 

systems products, such on the more tangible attributes such 

as response times, data as the number of errors occurring 

volumes and extent of within the process, the level of user 

system usage. involvement and the milestones at 

which user approval is given. 

2.7 User Satisfaction as an Effective Measure 

User satisfaction gradually became a measure of software quality during the 1950s, 

1960s, and 1970s (Thayer, 1958; Hardin, 1960; Kaufman, 1966; Lucas, 1974). User 

satisfaction is defined as "the sum of one's feelings or attitudes toward a variety of 
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factors affecting that situation, " e. g., computer use and adoption by end users (Bailey 

and Pearson, 1983). 

Most studies up until 1980 focused on the end user's satisfaction toward software 

developers; but one study squarely focused on the end user's satisfaction with the 

software itself (Lyons, 1980). Pearson and Bailey (1980) produced one of the first 

studies to address a variety of software attributes such as software accuracy, timeliness, 

precision, reliability, currency, and flexibility. 

Studies throughout the 1980s addressed user satisfaction with both designers and 

software (Walsh, 1982; Bailey and Pearson, 1983; Ives et al., 1983; Joshi et al., 1986; 

Baroudi and Orlikowski, 1988). The late 1980s marked a turning point with studies 

focusing entirely on user satisfaction with the software itself and attributes such as 

content, accuracy, format, ease of use, and timeliness of the software (Doll and 

Torkzadeh, 1988). 

A study of user satisfaction at IBM was based on reliability, capability, usability, 

installability, maintainability, performance, and documentation factors (Kekre, et al., 

1995). Throughout the 1990s, IBM used a family of user satisfaction models called 

UPRIlVID, UPRIMDA, CUPRIMDA, and CUPRIMDSO, which referred variously to 

factors of capability, usability, performance, reliability, installability, maintainability, 
documentation, availability, service, and overall satisfaction (Kan, 1995). 

User satisfaction, now commonly referred to as customer satisfaction, is no doubt 

related to earlier measures of software attributes, usability or user friendliness of 

software, and more recently, web quality. 

In E-commerce, interaction with the end-user is conducted through web-based 

applications including both server and client-side applications commonly referred to as 

a website. All user-system communication is realized through the interface, so it is self 

evident that the quality of an E-commerce system is directly related to the quality of the 

user interaction experience (Zwass, 1996). 
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Research efforts by Wang (2003) have directly tied the assessment of an E-commerce 

website to customer satisfaction. A survey carried out by Wang (2003) on 35 

E-commerce companies in the United States identified three proponent methods for 

assessing quality. All three were actually an assessment of the satisfaction of the 

customer. In broad terms, the assessment addressed the following: 

1. General feedback on the web site design 

2. The competitive price of the product 

3. Merchandise availability 

4. Merchandise condition 

5. On-time delivery 

6. Merchandise return policy 

7. Customer support 

8. E-mail confirmation of customer orders 

9. Promotion activities 

The three major assessment methods are text comments, categorized rating and overall 

rating. Text comment allows customers to write their own comments in 500 to 1000 

characters on the "where"s and "why"s they did their shopping. Categorized rating is 

achieved with a questionnaire that asks online shoppers to rate a number of quality 

determinants using a scale of 1 to N where N is the best rating. The overall satisfaction 

rating uses an ordinal rating system with a scale of 1 to N where N is the best rating. 

User satisfaction is a combination of experience and perception (Gefan, 2002). It has 

been shown that several factors can positively or negative influence a user's experience 

and their perception of a website experience (Stefani et al., 2003). 

2.8 Evaluating E-commerce Websites: A review of Evaluation Criteria 

Website quality models - appearing in the late 1990s, following the user satisfaction 

movement - appeared as important measures of software quality (Lindroos, 1997). One 

of the first models of website quality identified background, image size, sound file 

display, and celebrity endorsement as important factors of software quality (Dreze and 

Zufryden, 1997). The web assessment method or WAM quickly followed with quality 
factors of external bundling, generic services, customer specific services, and emotional 
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experience (Selz and Schubert, 1997). In what promised to be the most prominent web 

quality model, attitude toward the site had quality factors of, informativeness, and 

entertainment (Chen and Wells, 1999). The next major model was the e-satisfaction 

model with its five factors of convenience, product offerings, product information, 

website design, and financial security (Szymanski and Hise, 2000). The website quality 

model or WebQual for business school portals was based on factors of ease-of-use, 

experience, information, and communication and integration (Barnes and Vidgen, 

2000). An adaptation of the service quality or ServQual model, WebQual 2.0 measured 

quality factors such as tangibles, reliability, responsiveness, assurance, and empathy 

(Barnes and Vidgen, 2001). 

Although some researchers have tried to provide ways of evaluating E-commerce 

website specifically (e. g. Boyd, 2002, van der Merwe and Bekker, 2003), the selection 

of evaluation criteria still requires more theoretical justification. A selection of 

evaluation criteria is shown in Table 2-4, each of these has their points of strengths and 

weaknesses. 

Studies on E-commerce website quality also focus on more specific quality 

characteristics such as issues that warrant successful transactions (Bidgoli, 2002), 

maximize the perceived trustworthiness (Egger, 1998; Slyke et al., 2004), or ensure 

E-commerce website reliability (Dustin et al.,, 2001). 

Although, all the above factors affect the quality of E-commerce websites and are 

prerequisites for their success, they are not the only ones that relate to E-commerce 

website quality. Farthing and Stocking (2005) jumped to a conclusion that there is no 
fully integrated approach after their review of the literature. From these previous 

studies, it can be inferred that a global approach, such as the one discussed in this thesis, 

is required combining all factors affecting quality. 
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Table 2-4 -A review of evaluation criteria 

Literature Review 

Reference Perspective Strengths Weaknesses 

Kramer, 2000 Evaluating Practical advice Evaluates E-commerce 

Evaluating E-commerce servers for system server technology not 

E-commerce managers web sites or customer 

servers service 

(Barnes & Vidgen, HCI framework: Five Based on Very narrow focus 

2002) factors identified: customer 

WebQual Usability, design, perceptions of 

information, trust & quality weighted 

empathy by importance 

(Schubert & EWAM (Extended Considers sites Concentrates on generic 

Dettling, 2002) web assessment from the web issues with little 

EWAM method ) is a tool customers' consideration of issues 

specifically created for perception important to selling 

the evaluation of 
E-commerce sites 

Akhter, et al., 2005 Compares customers' Identifies how Intended solely to 

Evaluating trust with their important these evaluate trust, not other 

consumer trust familiarity with the are in factors important to 

site, and objective encouraging trust selling 

measures of security. 

Lightener, 2004 Evaluation from a Consideration of Doesn't cover the 

customer service the design is whole selling life cycle, 

perspective subordinate to e. g. customer finding 

the functions the site, generating 

actually provided repeat business 

Hahn et al., 2002 Evaluation from an Management Identifies problem areas 

investment perspective focus but not solutions 
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2.9 E-commerce Website quality 
Early definitions of software quality included fitness for use, conformance to 

requirements, or degree to which software satisfied its specified requirements. These 

classical definitions of software quality imply one must gather customer requirements, 

develop a software product, and then determine how many requirements have been 

satisfied (e. g., if four out of five requirements have been satisfied, then the quality is 

80%). 

Since the 1960s, increasingly sophisticated views of software quality have emerged: (a) 

software size, (b) software errors, (c) software attributes, (d) software defect models, (e) 

software complexity, (f) software reliability, (g) user satisfaction, and (h) website 

quality, to name a few. One of the earliest approaches for measuring software quality 

was the practice of quantifying and assessing attributes or characteristics of computer 

programs. Software attributes are traits, characteristics, features, or other properties of 

software products. Early studies attempted to enumerate, qualify, and quantify all of the 

attributes of software products. One such study (Boehm et al., 1978) identified the 

following attributes: (a) correctness, (b) efficiency, (c) flexibility, (d) integrity, (e) 

interoperability, (f) maintainability, (g) portability, (h) reliability, (i) reusability, (j) 

testability, and (k) usability. 

Throughout the 1970s and 1980s the practice of measuring software attributes waned in 

favor of statistical models of software quality and reliability, which estimated defects 

and mean time to failure. However, during the 1990s, the practice of measuring 

software attributes began to take a foothold once again in the form of user satisfaction 

and website quality models. User satisfaction models were used to measure end user 

attitudes towards software products. One such model (Barnes and Vidgen, 2002) 

measured user attitudes about the following attributes of software quality: (a) usability, 

(b) design, (c) information, (d) trust, and (e) empathy. 

Models of user satisfaction were eventually overtaken by models of website quality by 

the end of the 1990s. Basic website quality is defined as a "customer's judgment about 

the website's overall excellence or superiority, which is an attitude that comes from a 

comparison of expectations and perceived performance" (Arambewela and Hall, 2006). 
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Within the context of E-commerce, website quality refers to "the extent to which a 

website facilitates efficient and effective shopping, purchasing, and delivery of products 

and services" (Gounaris et al., 2005). According to Frico (2007b), over 45 scholarly 

models of website quality have appeared in the last 10 years. A small sample of those 

studies had been tested on over 436,000 data points from 16,000 respondents (Frico, 

2007b). What this indicates is that the application and use of scholarly models of 

website quality is a very-well established discipline. However, many of these models 

have numerous factors and sub-factors, as well as unusually large measurement 

instruments, which are economically prohibitive to apply. Also, many of these models 

have not proven very robust, and exhibit low levels of reliability and validity (Frico, 

2007b). 

Most of the tools that have been developed for the assessment of E-commerce websites 

give emphasis on the web applications of the system and they are based on surveys 

(Molla and Licker, 2001; Offut, 2002). This process provides significant results but 

demands extra time for data collection and data analysis in each measurement phase. 

The work presented in this thesis, differs from questionnaire-based surveys in that it 

uses a process aiming to limit subjectivity and frequent errors in similar surveys and 

provides a flexible way to define the quality of E-commerce websites, as users perceive 

it, in a short period of time. 

2.10 Predicting E-commerce Quality 

Given that the establishment of an E-commerce website is mainly a software 

development effort; there are several standards that apply in governing the quality of 

such development. According to de Chazal (2005), there seems to be an almost 

overwhelming abundance of quality standards that lead to a high level of cynicism and 

skepticism surrounding them and the eventual lack of use. Website developers need to 

use standards and best practices to ensure that websites are functional, accessible and 

interoperable. However many websites fail to achieve such goals and no standard can 

directly predict the quality a website under development is going to achieve. 

The software behind any E-commerce website is, in essence, the virtual organization 

and business operation of that site. It is thus reasonable to conclude that the quality and 
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evaluation methods of E-commerce systems will always be dependant on the quality of 

applications they contain and their ability to meet end-user requirements. 

An E-commerce website can be assessed by the quality factors of its software. Having 

these quality factors enables the measured specification of attributes and variables. Such 

quality factors should be seriously considered during the development of E-commerce 

websites (Stefani et al., 2003). Past approaches concerning the quality of E-commerce 

websites emphasized the usability standards, using techniques like feature inspection 

methods and collecting data about end-users' opinion by questionnaires. These methods 

provide an important feedback and their results are of useful background for future 

work, however, they do not contribute directly to a dynamic model that enables 

forecasting (Chan et al., 2001). 

In this thesis, a model is proposed where the attributes are of a dynamic character. The 

results derived from the application of the proposed model are utilized to predict 

E-commerce website quality and to direct the development of a website to increase the 

quality measures, producing a site that gives an E-commerce experience with high 

service quality and user satisfaction. Furthermore, the results derived from its 

application are utilized for the model's constant improvement, thus contributing to a 

continuous evolvement and upgrading. 

2.11 Applying Bayesian Belief Networks 

Having a metric for quality makes matters easier for a business, as it can then measure 

whether quality is being attained. Seddon et al (1999) define quality as "a relative value 

that is meaningful only when compared to postulated values that are defined by the user 

or by standards organizations. " Several researchers such as McCall et al. (1977) and 
Boehm et al. (1978) have since proposed holistic quality models incorporating a wide 

array of measures, in order to define a quality system. According to de Chazal (2005), 

holistic models such as these often require substantial infrastructure in order to capture 

and analyze the data gathered. Consequently, many companies look for easier 

alternatives, such as a single measure of quality, as opposed to process-driven quality. 

42 



Chapter 2 Literature Review 

Niedermayer (1998) describes a Bayesian Belief Network (BBN) as a model that 

defines various events, the dependencies between them, and the conditional 

probabilities involved in those dependencies. The mathematical model on which 

Bayesian Belief Networks are based is the theorem developed by the mathematician and 

theologian, Thomas Bayes (Stigler, 1982). The BBN is a special category of graphic 

models where nodes represent variables and the directed arrows represent the relations 

between them. Therefore, a BBN is a graphical network that describes the relations of 

probabilities between the variables (Agena, 2006). This information can then be used to 

calculate the probabilities of various possible causes being the actual cause of an event. 

A framework for assessing the qualities of an E-commerce website is the essence of this 

thesis. Now, the question which arises is: `Can a Bayesian Belief Network be applied to 

anticipate the level of quality of the site and the factors behind that level of quality? ' 

According to Advocate. com (Advocate, 2001), in applying a Bayesian Belief Network, 

a single model can be used for both diagnostic and causal reasoning. That is, the same 

model can be used to reason from effects to causes and from causes to effects. This 

suggests that a Bayesian Belief Network could be used to systematically predict the 

qualities of an E-commerce website under development and to determine the reasons for 

the predicted quality. 

In this thesis, a model is proposed based on the notation and formation of Causal 

Probabilistic Networks, also called Belief Networks (BN) and Bayesian Networks 

(Jensen, 1996). 

According to the literature reviewed in this section the use of a BN should provide: 

1. A way to define the relation between the various nodes (variables), but also to 

estimate consistently the way in which the initial probabilities influence uncertain 

conclusions, such as the quality of an E-commerce system. 

IA single conclusive indicator on the state of quality an E-commerce website has or 

will probably have. 

3. A mechanism to establish future estimation, (also known as "forward prediction"). 

4. Assessment of the state of initial work on a website based on a given final and some 

intermediate variables (also known as "backward assessment"). 
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2.12 Reviews and Summary of Aim 

Quality is needed as a means of assessment of E-commerce website. Effort and 

complexity stems from defining the quality attributes that determine such an assessment 

in a consistent, repetitive way. This chapter has reviewed some of these methods and 

measures used to assess E-commerce quality. It also evaluated the effort involved in 

using such methods and the conclusion is that quality is needed to assess and manage 

risk. No tools have yet been developed that enable the prediction and forecast of quality 

that satisfies the needs of quality standards. Developing such tools is a challenging task. 

Yet, the tools available and that have been reviewed are only viable at the completion of 

the website development effort. 

The solution proposed by this thesis is the creation of a Bayesian Belief Network model. 

The reviews of literature given in this chapter suggest that this tool will be most useful 

in providing a consistent and practical approach to assessing the quality of a website. 

Furthermore, the assessment could be conducted before the completion of the website 

development, thus, providing insight on the development trend which would enable the 

direction of the development to be altered to improve the quality. If it is conducted on a 

completed and operational website it would provide the necessary analysis to enable the 

website to be revised and improved. 

This review of the literature suggests the development of a Bayesian Belief Network 

model for the quality assessment of E-commerce websites as an easy-to-use alternative 

to the previous range of models and metrics. The expected performance of the model 

should be relatively quick and practical in providing overall comprehensive assessment 

with root-cause analysis that could lead to corrective measures to improve the quality of 

the E-commerce websites. The research effort described in this thesis is based on a 
hypothesis that the quality attributes in the Bayesian Belief Network model would 
directly influence the E-commerce user satisfaction rating and, therefore, its popularity 

and economic growth. 

The literature review in this chapter has established the need for this research project as 

there is no fully integrated evaluation approach and no practical, effective means of 
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assessing the quality of an E-commerce website in advance of its completion. This 

review has also identified a means by which the aims of this research can be achieved. 

A Bayesian Belief Network has the properties reported in the literature to provide the 

required model for predicting E-commerce website quality and for identifying the 

attributes that need further development to improve the overall website quality. 

2.13 Conclusions 

This chapter covered a literature review of E-commerce quality and the evaluation of 

quality in E-Commerce in terms of methods explored, devised and deployed to measure 

the E-commerce performance. The chapter defined E-commerce from the perspective of 

a user service built mainly by software. The chapter progressed in exploring the quality 

standards and measures available and the complexity involved in defining and using 

them. The closure was a summary to the review dovetailed with the aimed goals of the 

thesis and the contribution it can make to the knowledge in the public domain. 
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Chapter 3- Methodology 

Methodology 

3.1 Introduction 

This chapter outlines the selection of the appropriate approaches used to achieve the 

research objectives. The chapter starts by discussing the different methodologies 

available and the process of picking the most appropriate set to accomplish the 

underlying research. The chapter continues to describe the methodology used to collect 

data, analyze it and apply it to achieve the research aims given in Chapter One. 

3.2 Background to Methodologies 

There are prominently two research methodologies, Positivism and Interpretivism. An 

analysis of these two fundamental research approaches was made to uncover the 

differences in their process of collecting, compiling and analyzing research observations 

and based on what paradigm and philosophy. 

According to Berntsen et al (2000), the Positivist approach builds on the premise that 

knowledge is acquired through an objective process based on measurable and repeatable 

observations. According to Weber (2004), Positivists believe that the objects they 

research have qualities that exist independent of the researcher. Thus in Positivism, 

reasoning is based on the analysis of data. Positivists consider the researcher and the 

phenomena to be two separate, independent things. Weber (2004) continues on to state 

that Positivists believe that research is reliable if results can be replicated by the 

researcher herself/himself and other researchers. According to Weber (2004), the lack of 

reliability is attributed to factors such as researcher biases, inconsistencies in the 

research processes used, differences in the context in which the research was conducted, 

and measurement errors. Positivists tend to use laboratory experiments, field 

experiments and surveys as their preferred research methods. They seek large amounts 

of empirical data that they can analyze statistically to detect underlying regularities 
(Berntsen et al, 2000). 
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On the other hand, Interpretivism is based on the belief that reality and the individual 

who observes it cannot be separated (Weber, 2004). Interpretivists believe that the 

qualities they describe in the objects under research are socially constructed and 

products of their worlds (Berntsen et al, 2000). Interpretivists build on the premise that 

there can be many different perceptions of reality, and none of them may actually 

describe reality in extremis (Bemtsen et all, 2000). In the Interpretive approach, the 

assumption is made that knowledge is gained only through social constructions such as 

language, consciousness, shared meanings, documents and other artifacts (Berntsen et 

al. 2000). According to Weber (2004), in Interpretivism, the subjective characteristics 

reflect researchers' perceptions about the meaning of some world. The objective's 

characteristics reflect the constant negotiation this meaning has with others the 

researchers has had interaction with. 

Interpretivists believe that research is reliable if researchers can demonstrate interpretive 

awareness (Weber, 2004). So, the Interpretive researcher needs to show and 

acknowledge the subjectivity the researcher brings to the research process, and hence, 

steps have to be taken to address the implications of this subjectivity. According to 

Berntsen et al, (2000), the very nature of Interpretivists' research means that researchers 

themselves in effect become "measurement instruments. " The researchers interpret the 

phenomena they observe. In this regard, Interpretive researchers understand that their 

research actions affect the research objects they are studying. Thus, Interpretive 

research often involves using qualitative methods with the aim to understand the data 

collected and analyzed during the research process (Berntsen et al, 2000). 

Interpretivists tend to use case studies, ethnographic studies, phenomenological studies, 

and ethno methodological studies as their preferred research methods. 

The Table 3-1 identifies key differences between the two philosophies. In his analysis, 

Weber (2004) points out that the core difference is rooted in the beliefs behind 

conducting the research. 
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Table 3-1 - Difference between Interpretive and Positivist 

Source: MIS Quarterly Vol. 28 No. 1/March 2004 

Methodology 

Theoretical 
Positivism Interpretivism 

Assumptions 

Person (researcher) and reality Person (researcher) and reality 
Ontology 

are separate. are inseparable (life-world). 

Knowledge of the world is 

Objective reality exists beyond intentionally constituted 
Epistemology 

the human mind. through a person's lived 

experience. 

Research object is interpreted in 
Research object has inherent 

Research light of meaning structure of 
qualities that exist 

Object person's (researcher's) lived 
independently of the researcher. 

experience. 

Method Statistics, content analysis. Hermeneutics, phenomenology. 

Truth as intentional fulfillment: 
Correspondence theory of truth: 

Theory of interpretations of research 
one-to-one mapping between 

Truth object match lived experience 
research statements and reality. 

of object. 
Certainty where data truly 

Validity Defensible knowledge claims. 
measures reality. 

Interpretive awareness: 
Repeatability, where research researchers recognize and Reliability 
results can be reproduced. address implications of their 

subjectivity. 

3.3 Methodology Selection and Approach 

In this thesis, the author followed the Interpretivism approach to conduct the research 

under study. Several authors (Hirschheim et al, 1985; BjOrn-Andersen, 1985; and 

Remenyi and Williams, 1996) have argued that the Positivist approach is inappropriate 

for the social sciences due to inconsistency of results and lack of identifying measures 
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for important phenomena. Walsham (1993) states that in software, interpretive research 

is more effective since it aims at producing an understanding of the context of the 

information system and the process whereby the Information System influences and is 

influenced by its context. 

Building on the hypothesis presented in Chapter Two that the quality of an E-commerce 

site is best measured from a user satisfaction framework, this research relied on the 

Kuutti (1991) principles of Activity Theory to study the quality factors that contribute to 

assessing the overall quality of an underlying website. 

Table 3-2 - Main Concepts of Activity theory (AT) 

Source: Berntsen, et al (2000) 

Binding Concepts 

1. An activity has an active subject (individual or collective) who understands 

the motive of the activity - the object. 

2. The transformation of the object towards some desired state is what motivates 

the existence of an activity. 

3. An activity exists in a material environment and transforms it. (the term 

material comes from Marxist philosophy and signifies not only "touchable" 

things but everything conscious which exists outside the individual). 

4. An activity is a historically developing phenomenon. 

5. An activity is a collective phenomenon. 

6. An activity is realized through the conscious and purposeful actions of 

participants. 

7. Individuals can participate in several activities 

8. Activities temporarily merge. Actions are usually poly-motivated, that is 

they are simultaneously part of separate "overlapping" activities. 

9. Contradictions are the force behind the development of an activity 

10. Primary contradictions between the objects or outcomes of two separate 

activities may introduce secondary contradictions into the activities. 

11. Relationships within an activity are culturally mediated. 
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According to Kuutti (1991), Activity Theory is a philosophical framework for studying 

different forms of human praxis as processes of development, where both the individual 

and the social levels are interlinked. In this framework, an activity is seen as a minimal 

meaningful context for individual actions and a suitable basic unit for analysis. The 

main concepts for activity theory are listed in Table 3-2. 

According to Berntsen et al (2000), experimental software engineering is based on a 

hypothetic-deductive research model. In conducting the research, the author relied on 

the five step approach of Wohlin et al. (2000) as it was considered to be suitable for the 

study of software. The steps are: 

1. Experiment definition. In this step the hypothesis is defined, along with the 

objectives and goals of the experiment. 

2. Experiment planning. At this stage, the hypothesis is formalized including a null 
hypothesis. Input/independent variables and output/dependent variables are 

determined. A suitable experiment design is chosen, and the potential validity 

problems with the results are discussed. 

3. Experiment operation. Subjects and the materials needed (for data collection forms) 

for the experiments are prepared, before executing the experiment. The primary 

objective of this stage is to gather data for the next step. 

4. Analysis and interpretation. Descriptive statistics are used to understand the data 

gathered during step three. A possible reduction of the data set must be considered. 

After the data have been reduced, a hypothesis test is performed by using statistical 

techniques. 

5. Presentation and package. The main concern here is in presenting and packaging the 

findings. It is important that the experiment design is clear, to allow replication as 

this is an important mechanism for validating the findings. 

3.4 Qualitative & Quantitative Analysis Considered 

Researchers use questionnaires as a qualitative research tool to study the phenomenon 

(Barnes, 1997). The research approach to this thesis started with qualitative analysis to 

the subject domain under study. According to Patton (1990), a research-oriented 

learning experience includes a formal and informal process of gaining, utilizing and 

50 



'fit 

Chapter 3 Methodology 

systematically applying knowledge to an area of interest in order to make sense of the 

interrelationships between what one knows and what one learns. This was motivational 

as a methodology to follow in the early stages of the model development, where it 

helped organize and prioritize factors and sub-factors involved in assessing the qualities 

of E-commerce websites. 

Observations collected from the questionnaires were put through quantitative reasoning 

to integrate the identified factors into a relationship framework. The transformation to 

quantitative research was led by a drive for explanatory investigation of the 

relationships between the identified inter-factor relations and their probabilistic intra- 

influences. The establishment of these inter-factor relations led to the realization of the 

totality of the model. 

Quantitative strategies use normal distributions based on statistical or regression 

analysis (Patton et al, 1990). Statistical techniques, such as correlation, were used to 

deduce approximation to normality that would produce tangible evidence for the 

assertions that the inference influence a factor has on the total quality of the website. 

Following this, a probabilistic model based on Bayesian theory was applied to complete 

the model. 

After the completion of the model, empirical evidence was derived by the way of case 

study analysis to validate the model in practical use. According to Dockrell and 

Hamilton (1980), case studies are a fairly intensive examination of what has happened 

in a single bounded context. This helps to explore, unravel and validate problems, 

issues and relationships in a particular situation. Case studies involve an in-depth, 

descriptive record taken by an outside observer, based on collecting and examining 

various observations and records of a targeted experience (Aha, 1992). According to 

Aha (1992), case studies are useful when researchers want to get a detailed contextual 

view of a particular phenomenon. However, the limitation of observing behaviour is 

that it can only be described, not completely explained. To circumvent such limitations, 

case studies were applied to validate the model but not to build it. 
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3.5 The Use of Idioms 

Methodology 

According to Yu and Johnson (2002) idioms are best applied in realizing a complete 

Bayesian Belief Network where they act as building blocks that can be joined together 

to compose the system's totality. While personal experiences in building networks are 

the basis of generating idioms, idioms can help people to decide the direction of arcs 

addressing the more difficult step of building the network. Fenton et al. (2001) suggests 

the use of an idiom framework to build a network using expertise, which would be a 

reusable network structure that represents generic patterns. These authors use the term 

idiom in this context to represent clearly identifiable conceptual aspects that contribute 

to a problem, such "security" or "reliability". The idioms are typically instantiated by 

matching them against pieces of the real world problem at hand, for example reliability 

may be matched against the mean time between system breakdowns. Figure 3-1 

illustrates the procedure recommended by Fenton et al. (2001) and adopted for the 

research effort in this thesis. 

motivation 
real world 
problem 

4 

Problem definition 
and decomposition 

Matching problem 
fragments against idioms 

Integrate idioms into 
nodes & relations 

External 
Real 
Data 

Idioms 

Expert 
Input 

ology 

Working Valid 
Model 

- Figure 3-1: The use of an idiom framework to build a BBN (from Fenton et al, 2001)- 

Once the model was produced, guidelines were developed to guide the process of 

utilizing the model, affirming hypotheses and extrapolating findings into a working 
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apparatus that can be applied for practical benefits. 

3.6 Research Participation and Procedures 

Methodology 

In conducting the study to create the domain final model, the research involved the 

solicitation and compilation of eighty-four quality factors from previously published 

research. This set was analyzed and qualified by conducting a comprehensive 

questionnaire to a representative sample set of twelve qualified E-commerce users. The 

recruitment of participants for the present research proved to be difficult, as is often the 

case with Internet populations in the Middle East where the research was undertaken. 

Increasing the sample size proved not to be possible within the resources available. 

The normal distribution of the data for all the quality factors and sub-factors were 

checked in order to ensure their validity. Statistical correlation was used in analyzing 

the data obtained from the responses to the questionnaire to derive initial inter-factor 

relations. Correlation is a statistical technique which can show whether and how 

strongly pairs of variables are related, thus leading to a greater understanding of the 

acquired data. A statistical rating scheme based on frequency of rate was used to 

determine the most important relations among factors. 

The analysis continued by soliciting expert opinions using the Delphi technique. 

According to Dunham (1998), the Delphi technique effectively elicits information and 

judgments from participants to facilitate problem-solving, planning, and decision- 

making. It does so without physically bringing together the contributors. This takes 

advantage of participants' creativity and the facilitating effects of group involvement 

and interaction. It is structured to capitalize on the merits of group problem-solving and 

to minimize the difficulties of group problem-solving. The Wideband Delphi Approach 

(Boehm and Sullivan, 2000) was used to improve the estimate consensus obtained by 

the Delphi technique. The result of this activity allows for the refinement of the target 

model. A detailed description of how the Delphi technique was used in the case studies 

in this thesis is described in Section 9.4. 

The Hugin Expert A/S (Hugin, 2006) was employed to program the Bayesian Belief 
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Network model to use. The Hugin Expert A/S provides a comprehensive and flexible 

interface to model networks. Once modeled, the software's decision engine is leveraged 

graphically with ease. Furthermore, the application allows easy modification and editing 

of existing models. Several available tools were considered, such as Microsoft's 

MSBNx, B. net of Charles River Analytics, and Netica from Norsys before finding 

Hugin Expert A/S the tool of choice. 

The Hugin Expert A/S was also used to apply the resultant network model in three 

selected case studies. The results of the studies are documented within this thesis in 

Chapters 8,9, and 10. The developed software file that represents the model is publicly 

available and can be requested from The Knowledge Management Research Group at 

Loughborough University by contacting the supervisor of this research, Ray Dawson. 

3.7 Conclusion 

After evaluating different methodology alternatives, this chapter presents the 

methodology undertaken in this research to produce reliable results and conclusions 

serving the intended aims and objectives described in Chapter One. According to Miles 

and Huberman. (1994), trustworthiness emerges through the efforts of the researcher to 

provide credible, confirmable and dependable findings. This chapter describes how this 

trustworthiness has been achieved in this research project. 
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Chapter 4- E-commerce Quality Attributes 

4.1 Introduction 

An E-commerce website can be assessed by the quality factors of its software. The 

presence of these quality factors allows the measurable specification of attributes and 

variables. This chapter defines and categorizes the quality factors for measuring an 

E-commerce website. The primary goals are identifying, qualifying, categorizing and 

rating these factors and thus formulating the baseline for the work in this thesis. 

The software is an essential part of the E-commerce website. The ISO 9126-1 standard 

for software engineering product quality (ISO, 2001) states that the main purpose of 

software quality evaluation is to supply referential quantitative results for software 

products that are reliable, understandable and acceptable. According to Larsson (2004), 

quality factors are primarily attributes of the software that are often labelled as "non- 

functional requirements. " The key challenge of these attributes is the lack of a formal 

specification of a means of measurement. This thesis provides a framework to establish 

quality factors in terms of attributes, in addition to their level of importance based on 

the opinion of highly-skilled professionals. 

4.2 Categorizing 

The quality of a website is a property difficult to define and capture in an operational 

way, yet everybody feels it when it is missing. In fact, for a website there can be as 

many views of its quality as there are usages. Quality may depend on task-related 

factors affecting end users such as presentation quality and appeal, content and function 

adequacy, and navigability. It may also depend on performance-related factors that 

affect the efficiency of end users and the economics of the website within the company 

running it. These factors include response time, transaction throughput, reliability and 

robustness. It may depend on development-related factors that affect developers and 

maintainers of a website. These include code complexity, code readability, code 

flexibility, portability, page coupling and modifiability. 
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The foundation model used to identifying quality factors and attributes is based on 

research by Albuquerque and Belchior (2002). The model is extended with further 

research investigation and expert reviews and interviews. 

Albuquerque and Belchior have organized a comprehensive set of software quality 

attributes into objectives where each objective is composed of a set of quality factors. 

Each quality factor is further decomposed into sub-factors. According to Albuquerque 

and Belchior (2002), three broad objectives formulate the model, as illustrated below 

which enables the evaluation of an E-commerce website's quality. 

Usability 

Conceptual Reliability I Representative Reliability 

Figure 4-1: E-commerce quality objectives (Albuquerque and Belchior, 2002) 

Usability is a quality objective that refers to the characteristics that allow the use of the 

E-commerce site in the most diverse situations, not only during its development process, 
but also during its operation and maintenance. This objective builds on the reliability of 

the web site. Reliability is composed of two aspects, according to Albuquerque and 

Belchior (2002). Conceptual reliability is concerned with the E-commerce site's 

capacity to implement, satisfactorily, what was specified and designed. Representative 

reliability refers to the E-commerce site's representation characteristics that affect its 

understanding and manipulation through its lifecycle. 

Albuquerque and Belchior's identification of the factors under these objectives was 

derived from their extensive questionnaires to both the user and developer communities 

in E-commerce. 

4.3 Identifying 

Further quality factors and attributes were researched to ensure having a comprehensive 
list of quality factors. In particular, scalability and availability were added as, according 
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to Firesmith (2003), E-commerce website software is large and complex, but quality 

requirements demand the key performance of factors such as availability, performance, 

scalability, and security. This, in essence, provides the biggest influence on the effective 

implementation of a website. 

Scalability is the website readiness to meet rising demands of users and usage. Thus, 

website software applications must be prepared to grow quickly both in terms of users 

serviced and in terms of services offered. According to Firesmith (2003), the need for 

scalability has been a driver for much of the technology innovations in the past few 

years. Industry has developed new software languages, new design strategies, and new 

communication and data transfer protocols, in part to allow web sites to grow as needed. 

According to Firesmith (2003), availability is of two parts. The first relates to the 

website accessibility and being up and running 24 hours a day, 7 days a week and 365 

days a year. The second relates to the web software and it accessibility by diverse types 

of web browsers. Using the common denominator of features among all browsers as the 

baseline and removing any use of features unique to a particular browser ensures cross- 

browser availability. To be available in this sense requires significantly more knowledge 

and effort on the part of the software engineers. 

Further, the scope of Albuquerque and Belchior quality factors extend beyond the 

technical and operational aspects of a website to its economics and business viabilities. 

However, in aligning with the goals of the thesis, factors relating to such attributes were 

removed from the list. Table 4-1 lists the factors used with a short explanation of each 

factor. 

At this stage, and based on the academic research exercised, it was felt that a list of 

sixteen factors within three objectives satisfy an assessment of the quality of the 

operational software of an E-commerce website. The next step was to extend the factors 

with sub-factors that allow measurement to qualify the assessment. Table 4-2 displays 

the complete set of those quality attributes. They are a total of eighty four sub-factors 

organized within the quality factors. 
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- Table 4-1: E-commerce Quality Factors - 

Usability 

Efficiency The timeliness of which the website responds to the user. 
User- The user interface capabilities to which the website provides 
Friendliness a supportive experience to the user. 

The browsing extensibility which the website's software Navigability 
allows. 
The reduced effort which the website's software requires for 

Maintainability its upkeep, enhancing its ability to be kept up to date and 

usable 
Involvement The measure of which the website can adapt to and attract 
Capacity each user's individuality. 

Conceptual Reliability 
The extent of the operational aspects of the website Functionality 
software and its fitness of use. 
The extent of safety assured against malicious or accidental Security 
intrusion of unauthorized users when using the website. 
The extent of which the website remains available and Reliability 
working. 

Integrity The reliability, consistency and correctness of stored data. 

The extent to which the user perceives the website to 

Trustworthiness behave consistently, reliability and correctly, building a 
trusting relationship. 
The extent to which the information presented is 

Content 
contextually applicable to the user and sufficient for the 

Adequacy 
user's needs. 
The website readiness to meet rising demands in users and Scalability 
usage. 
The extent of website accessibility to users through different 

Availability 
browsers in differing times. 

Representative Reliability 

The appropriate application of the written language within 
Readability 

the website 
Standards The extent of consistency applied within the user interface 

Conformance of the website. 
Ease Of The extent of help provided to operate the website and the 
Manipulation software underneath it. 
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- Table 4-2: Identified Oualitv Sub-Factors - 
uali Sub-Factors Reference 

1. Usabili 
1.1 Efficiency 
1.1.1 Time Behavior Albuq uerq ue and Belchior (2002) 
1.1.2 Purchase Process Performance Albuq uerq ue and Belchior (2002) 
1.1.3 Page Generation Speed Albuq uerq ue and Belchior (2002) 
1.2 User-Friendliness 
1.2.1 Understandability Albuq uerq ue and Belchior (2002) 
1.2.2 Products Information Availability Albuq uerq ue and Belchior (2002) 
1.2.3 Interactivity Albuq uerq ue and Belchior (2002) 
1.2.4 Learn-ability Albuq uerq ue and Belchior (2002) 
1.2.5 Information Localizability Albuq uerq ue and Belchior (2002) 
1.2.6 Response Time Uniformity Albuq uerq ue and Belchior (2002) 
1.2.7 Forms Of Payment Availability Albuq uerq ue and Belchior (2002) 
1.2.8 Storage Of Purchase List Albuq uerq ue and Belchior (2002) 
1.2.9 Help Availability Albuq uerq ue and Belchior (2002) 
1.2.10 Products Comparison Albuq uerq ue and Belchior (2002) 
1.2.11 "Shopping Cart" Metaphor Albuq uerq ue and Belchior (2002) 
1.2.12 Printing Facilities Albuq uerq ue and Belchior (2002) 
1.2.13 Download Facilities Albuq uerq ue and Belchior (2002) 
1.3 Navi abili 
1.3.1 Absence Of Navigation Errors Albuq uerq ue and Belchior (2002) 
1.3.2 Minimal Path & Shortcut Facility Albuq uerq ue and Belchior (2002) 
1.3.3 Drawback Albuq uerq ue and Belchior (2002) 
1.3.4 Navigation Structure Taxonomy Albuq uerq ue and Belchior (2002) 
1.3.5 Links Visibilit Albuq uerq ue and Belchior (2002) 
1.3.6 Links Visualization Consistence Albuq uerq ue and Belchior (2002) 
1.3.7 Alternative Paths Albuq uerq ue and Belchior (2002) 
1.3.8 Navigational Prediction Albuq uerq ue and Belchior (2002) 
1.3.9 User Level Adaptability Albuq uerq ue and Belchior (2002) 
1.3.10 Interaction Storage Capacity Albuq uerq ue and Belchior (2002) 
1.3.11 Mobile Devices Accessibility Albuq uerq ue and Belchior (2002) 
1.4 Maintainabili 
1.4.1 Stability Albuq uerq ue and Belchior (2002) 
1.4.2 Testability Albuq uerq ue and Belchior (2002) 
1.4.3 Analyzability Albuq uerq ue and Belchior (2002) 
1.4.4 Changeability Albuq uerq ue and Belchior (2002) 
1.5 Involvement Capacity 
1.5.1 Attractiveness Albuq uerq ue and Belchior (2002) 
1.5.2 Aesthetic Attributes Albuq uerq ue and Belchior (2002) 
1.5.3 Client Profile Identification Albuq uerq ue and Belchior (2002) 
1.5.4 Simulation Albuq uerq ue and Belchior (2002) 
1.5.5 Additional Services Availability Albuq uerq ue and Belchior (2002) 
2. Conceptual Reliabili 
2.1 Functionali 
2.1.1 Accuracy Albuq uerq ue and Belchior (2002) 
2.1.2 Client Support Albuq uerq ue and Belchior (2002) 
2.1.3 Information On Product Delivery Albuq uerq ue and Belchior (2002) 
2.1.4 Suitabilit Albuq uerq ue and Belchior (2002) 
2.1.5 Flexibility Albuq uerq ue and Belchior (2002) 
2.1.6 Interoperability Albuq uerq ue and Belchior 2002) 
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Qualitv Sub-Factors Reference 
2.2 Securi 
2.2.1 Payment Systems Security Albuq uerq ue and Belchior (2002) 
2.2.2 Vulnerability Albuq uerq ue and Belchior (2002) 
2.2.3 Site Authentication Albuq uerq ue and Belchior (2002) 
2.2.4 Access Control Albuq uerq ue and Belchior (2002) 
2.2.5 Confidentiality Albuq uerq ue and Belchior (2002) 
2.2.6 Privacy Albuq uerq ue and Belchior (2002) 
2.3 Reliabili 
2.3.1 Recoverability Albuq uerq ue and Belchior (2002) 
2.3.2 Maturity Albuq uerq ue and Belchior (2002) 
2.3.3 Fault Tolerance Albuq uerq ue and Belchior (2002) 
2.4 InteIntegrity 
2.4.1 Data Integrity Albuq uerq ue and Belchior (2002) 
2.4.2 Data Entry Signalizing Albuq uerq ue and Belchior (2002) 
2.4.3 Robustness Albuq uerq ue and Belchior (2002) 
2.4.4 Audit Trail Albuq uerq ue and Belchior (2002) 
2.5 Trustworthiness 
2.5.1 Correctness Albuq uerq ue and Belchior (2002) 
2.5.2 Completeness Albuq uerq ue and Belchior (2002) 
2.5.3 Necessity Albuq uerq ue and Belchior (2002) 
2.6 Content Ade uac 
2.6.1 Updated Content Albuq uerq ue and Belchior (2002) 
2.6.2 Correctness Albu uer ue and Belchior (2002) 
2.6.3 Intelligibility Albuq uerq ue and Belchior (2002) 
2.6.4 User Oriented Albuq uerq ue and Belchior (2002) 
2.6.5 Respectability Albuq uerq ue and Belchior (2002) 
2.6.6 Concise Content Albuq uerq ue and Belchior (2002) 
2.6.7 Completeness Albuq uerq ue and Belchior (2002) 
2.6.8 Compatibility With Real Store Albuq uerq ue and Belchior (2002) 
2.7 Scalabili 
2.7.1 Multirocessor handling Larsson (2004) 
2.7.2 Farming capabilities Larsson (2004) 
2.8 Availabili 
2.8.1 24/7/365 Readiness Larsson (2004) 
2.8.2 Partial Availability Larsson (2004) 
2.8.3 Browser version comp tibility Larsson (2004) 
2.8.4 Cross Browser Su ort Larsson (2004) 
3. Representation Reliabili 
3.1 Readabili 
3.1.1 Language Correctness Albuq uerq ue and Belchior (2002) 
3.1.2 St le Uniformity Albuq uerq ue and Belchior (2002) 
3.1.3 Clarity Albuq uerq ue and Belchior (2002) 
3.1.4 Conciseness Albuq uerq ue and Belchior (2002) 
3.1.5 Terminolo Unifon-nit Albuq uerq ue and Belchior (2002) 
3.1.6 Abstraction Uniformity Albuq uerq ue and Belchior (2002) 
3.2 Standards Conformance 
3.2.1 Interface Standards Albuq uerq ue and Belchior (2002) 
3.2.2 Programming Standards Albuq uerq ue and Belchior (2002) 
3.2.3 Navigation Standards Albuq uerq ue and Belchior (2002) 
3.3 Ease Of Manipulation 
3.3.1 UP-To-Date Albuq uerq ue and Belchior (2002) 
3.3.2 Ability To Trace Albuq uerq ue and Belchior (2002) 
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uali Sub-Factors Reference 
3.3.3 Documentation Availability Albuquerque and Belchior (2002) 
3.3.4 Structure Albuquerque and Belchior 2002 

4.4 Qualifying 

To establish a rating system for the factors, a standard statistical rating scheme based on 

frequency of expert rating was used to reflect the relative importance of the different 

sub-factors within a factor. The weighting system was generated based on questionnaire 

results from expert specialists in E-commerce development and representative 

consumers of E-commence. 

Participants in the questionnaires were selected based on meeting qualifying criteria 

detailed in Appendix A. Each person was required to obtain a score based on answering 

the questions stated in Appendix A. The qualifying criteria were derived from the 

industry best practices. The selection of the sampled participants was based on the 

following: 

� The number of E-commerce websites developed by the expert / respondent (at 

least 5 websites to be considered). 
� The level of experience for each expert / respondent 
� The complexity and size of the developed E-commerce websites. 

A total of twenty experts were surveyed from largest IT companies in Jordan. The 

questionnaires were administered by the author visiting these companies and 

interviewing the respondents. Each question gave the respondents the option to select 

one answer from multiple answers. Each answer was assigned a score from 0 to 7 

depending on the question as shown in Appendix A. The answers were recorded by the 

author. 

A score of 20 or above was used as the qualification to be considered as an expert (A 

score of 20 was chosen for convenience to get a range of experience of building 

websites with several different companies). The author was able to define 13 

experts/respondents out of 20 sampled, most of whom used to be software engineers and 

developers. These experts represented a range of seven companies, including the largest 

IT companies in Jordan, and have a wide experience in building E-commerce websites 
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in the Middle East, working on web applications or desktop applications. They have a 

solid technical background and a wide experience in designing and developing E- 

commerce websites. Table 4-3 shows the list of Companies represented and the role of 

each expert. 

- Table 4-3: Companies list and the role of each expert - 

Expert Role Company Name Web address 

The principle owner and 
Chief Architect of 

ePageCafe 

IT Matrix www. epagecafe. com 

Lead designers Integrated 

Technology 

Group 

htlp: //www. itgsolutions. com/ 

Senior programmers AlliedSoft www. alliedsoft. com. jo 

Test researchers CNS - Primus http: //www. cns. com. jo/ 

Project managers Mozaiic http: //www. mozaiic. com/index. cfm 

Senior Director of the 

Innovation Centre at Estarta 

Estarta Solutions www. estartasolutions. com 

Chief Technology Architect 

of Softact 

Softact http: //www. Softact. com/ 

Once identified as an expert, the participants were asked to respond to the questionnaire 

that asked them to rate each of the sub-factors in order of importance of their 

contribution to the factor. The questionnaire is available in Appendix B. The 

questionnaire listed in Appendix B also provides an explanation of how each sub-factor 

influences the factor it belongs to. 

Initially, one randomly selected expert was identified for a pilot run to validate the 

content and style of the questionnaire. When the answers had been received from the 

pilot run, they were verified to make sure that the questions were clear, complete and 

unambiguous; the questionnaire was then distributed to the remaining twelve 

participants. Data generated from the pilot run was excluded from the final results. 
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100% of the twelve respondents gave back their responses to the questionnaire. 
However, some of those who were given the questionnaire did not answer all parts of 

the questionnaire as highlighted in Appendix C 

The questionnaire was administered during a face-to-face interview with the experts. 

For each interview engagement, an introduction orientation was given on the 

questionnaire followed by a one-on-one question and answers session to gain the 

answers and clarified any ambiguities. The answers were recorded by the author to 

assure accuracy and consistency, which follows the guidelines of the Delphi method 
described in Chapter 3. In general, the process of soliciting answers followed the 

standard Delphi method (Dunham, 1998) in soliciting expert opinions. 

4.5 Rating 

The rating of sub-factors was done within each factor. The rating is sequentially based 

on the order of the importance of the sub-factors in their influence on the factor. So, for 

factor S having six sub-factors of SS] to SS6, each participant rated each sub-factor 

according to its importance in influencing S, where 1 was the most important and 6 was 

the least. 

In handling missing values for sub-factors, the average of received responses was 

calculated to fill in the gaps of missing observations. It was intended that sub-factors 

that had six or fewer responses would be removed from the analysis, but this did not 

prove to be necessary as each sub-factor had at least ten responses as shown in 

Appendix C. 

Once all results were collected, a weighting scheme was applied to reflect the relative 

importance (rating) of the different sub-factors based on the following formula: 

Sub factor Percent Importance = 100 - (M / N) *100 

Where M represents the average rating received on a sub-factor and N represents the 

total number of sub-factors attributes for a given factor. The subtraction from 100 is to 

reverse the rating scale of the questionnaire so that the questionnaire rating of "1" has 
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the highest percentage importance. The final rating achieved has the highest percentage 

given to the most important sub-factor, proceeding to the least important in a 

descending fashion. One drawback to this method is that the final rating obtained for 

each sub-factor is dependant on the number of sub-factors in each group (e. g. for four 

factors the with an average score of 1, the maximum is 100 - (1/4)*100 = 75 and for 3 

factors the maximum is 100 - (1/3)* 100 = 66.7). So, this rating is affected by the 

number of sub-factors in a factor and consequently this affects inter-factor correlations. 

To compensate for this problem, a second expert panel of experts was used to assess the 

appropriateness of the correlations as explained in the next chapter. 

4.6 Results 

The final rating achieved has the highest percentage given to the most important sub- 

factor as the key factors to assessing the qualities of an E-commerce website, 

proceeding to the least important in a descending fashion. Table 4-3 shows the rating 

received by each sub factor. Appendix C provides the full calculations for this effort. 

- Table 4-4: Identified Quality Sub-Factors - 

Quality Sub-Factors Rating 
Usability 
Efficiency 
Time Behavior 53 
Page Generation Speed 53 
Purchase Process Performance 33 
User-Friendliness 
Understandability 76 
Response Time Uniformity 74 

Interactivity 73 
Learn-ability 68 

Help Availabilit 52 
"Shopping Cart" Metaphor 52 
Products Comparison 48 
Forms Of Payment Availability 33 
Storage Of Purchase List 27 
Localizability 26 
Printing Facilities 26 
Download Facilities 24 

Products Information Availability 23 
Navigability 
Minimal Path & Shortcut Facility 80 
Links Visibility 72 
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Quality Sub-Factors Rating 
Absence Of Navigation Errors 67 
Navigation Structure Taxonomy 66 
Links Visualization Consistence 48 
User Level Adaptability 45 
Interaction Storage Capacity 29 
Alternative Paths 28 
Navigational Prediction 17 
Mobile Devices Accessibility 17 
Drawback 16 

Maintainability 
Stability 60 
Changeability 52 
Testability 27 
Analyzability 10 

Involvement Capacity 
Attractiveness 63 
Client Profile Identification 55 
Aesthetic Attributes 53 
Simulation 20 
Additional Services Availability 10 

Conceptual Reliability 
Functionality 

Accuracy 67 
Suitability 58 
Client Support 53 
Information On Product Delivery 44 
Flexibility 18 
Intero erabilit 10 
Security 
Payment Systems Security 58 
Site Authentication 57 
Access Control 51 
Privacy 51 
Confidentiality 18 
Vulnerability 14 
Reliability 
Recoverability 53 
Fault Tolerance 47 
Maturity 0 
Integrity 
Data Integrity 58 
Audit Trail 25 
Robustness 22 

Trustworthiness 
Correctness 50 
Completeness 0 

Content Adequacy 
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Quality Sub-Factors Rating 
Updated Content 68 
Correctness 61 
User Oriented 55 
Completeness 52 
Concise Content 39 
Intelligibility 26 
Respectability 25 
Compatibility With Real Store 24 
Scalability 
Farming capabilities 54 
Multiprocessor handling 21 
Availability 
Browser version compatibility 57 
24/7/365 Readiness 53 
Cross Browser Support 53 
Partial Availability 38 
Notification Into rit 13 
Representation Reliability 
Readability 
Language Correctness 75 
Clarity 67 
Style Uniformity 38 
Conciseness 33 
Terminolo Uniformity 24 
Abstraction Uniformity 14 
Standards Conformance 
Interface Standards 61 
Programming Standards 42 
Navigation Standards 31 
Ease Of Manipulation 
Up-To-Date 44 
Ability To Trace 38 
Structure 35 
Documentation Availability 33 

4.7 Conclusion 

This chapter has determined the factors that assess the quality of an E-commerce 

website, identifying and rating the main quality attributes to this application domain. 

The list of attributes was derived from the specialized literature. The survey and 

analysis described in this chapter enabled a greater understanding of the inter-relations 

and influences these sub-factors have on the main quality factors and this forms the 

basis for the E-commerce prediction model derived in the next chapters 
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Chapter 5- Relationships between Factors 

5.1 Introduction 

In continuing the process of shaping the quality assessment model for E-commerce 

websites, this chapter defines the interrelations among the quality factors identified in 

the previous chapter. The relationships are identified from the results of the 

questionnaire described in the last chapter and by using statistical analysis and expert 

opinion. 

An understanding of the inferences and causal relations the quality factors have amongst 
them is essential for a reliable model (Loiacono et al., 1999). According to the Survey 

System (2002), correlation is a statistical technique which can show whether and how 

strongly pairs of variables are related, thus leading to a greater understanding of the 

acquired data. Correlation is most meaningful when used for quantities of some sort and 

may be controversial when used otherwise. Rating scales is a middle case according to 

the Survey System (2002). The numbers in rating scales have meanings, but these 

meanings are not very precise. 

The key issue of using correlation with the rating scales, according to the Survey 

System (2002), is that they are not like-quantities in terms of distance along the rating 

scale. With a quantity (such as Pounds), the difference between 1 and 2 is exactly the 

same as between 2 and 3. But with the rating scale, that might not be the case, and it is 

subject to the perspectives and perceptions of the survey takers. 

Nevertheless, and according to Falk (1997), many survey researchers do use 

correlations with rating scales, because the results usually reflect the real world. In this 

thesis, correlations are used with rating scales, but with care. After the completion of 
identifying the factors' significant inter-relations, the results were reviewed by a panel 
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of experts to ensure they were satisfied that the results were acceptable. This chapter 

elaborates on the process and approach taken. 

5.2 Assessment 

According to StatSoft (2005), the main result of a correlation is called the correlation 

coefficient (or "r"). It ranges from -1.0 to +1.0. The closer r is to +1 or -1, the more 

closely the two variables are related. A reading of r close to "0" means there is no 

relationship between the variables. When r is positive, this means that the variables are 

synchronized in their movement such that as one variable gets larger the other gets 
larger as well. A negative value of r means that the two variables move in opposite 
directions such that as one variable get larger the other gets smaller. This latter case is 

often called an "inverse" correlation. 

Table 5-1 shows the correlation report drawn from assessing the interdependencies 

between every two pairs in the Quality Sub-Factors list derived in the previous chapter 

and the resultant high mark correlations are identified. Table 5-2 identifies the high 

ranked correlations of 0.51 or greater among sub-factors. 

68 



(zý 
"0 

0 

IM 
cl 
0 

zw 

iz 
GA 

nn C 

3 
9.9 

0 a 

c 
0 
cý 
aý 

0 v 
aý 
H 

('J 

rl rn 
u u 
G G 

.t r. u" 
("1 (V 

l l 
o, LI 1- u 

. -1 6'. "1 "- fl fJ Y. 

lJ LJ U t) 

rrr 1-. ry rr. I .' 
r1 Wl . --I 

t J 
V I. J G G 1ý 

(V -f 
rI 
(V 

u. 
G 

11 
t-1 

ri 1-i 1ý fi ri fi 

U. " W W r- LL" 

.1 "n 1- 
r-J 

fl rte. .1 
11 1 t1 r1 11 r1 Lr 

O . O" I-- 1-- G ýf ý- '] 
r1 'o T 

J r1 al . ri "1J II I 

LJ V V V V ': V LJ 

r- t. r-J t1 r- Ir' tl. u. 

r1 ., o r1 L_J 
<-1 

rrý 
- 

Iri r7 G G 
r? ri (? r ri ri ri ri ri 

.ý .1 rr. ry (1 rJ In 
ir. 

N rl 
r1 t1 t1 r1 r1 C r1 t1 Cl t1 

.G 111 .. G O" "L" OI ý- r_r 
rl ý H u. t1 .1 . " In Vý .1 11 r. r1 

L. l LJ LJ LJ L-J L. J V LJ LJ LJ LJ 

rti . -r" - I" . . - In (fl .1 ý- rt. n. 
1 - H V, L. J IA L1 `T "r, lJ l1 LJ " T7 

rl rl . -ti G (? rl rl rl r-1 (j rl r1 

.1. "T L1 V_I -"J 9U r- 1 VJ r. r- 1- 

f 
rr. +- Cl rl rrl r"J tn u"1 aI r"J r1 Ln r 
11 11 11 11 t1 t1 O O t1 t1 t1 O 11 

{{ iJ .U 1-- 1-- O. r fl r Cll C l I 
r1 r ý'T r! L1 rI r1 LI r1 11 rr r. . t 

I' 
r. l ' 

LJ LJ Ll LJ U LJ LJ LJ u U U LJ V U 

rr. Irr N (C. 1-- If r7 "I 1-- P- -" -- 'I '. I Irr 
Ll I L LJ 'f 

r1 r 
Ll V 9 IJ V 1, G G IJ " IJ LJ 9 I, I. tiJ 

n. 7 t 
C-1 -1 . 

n. 
. 

r1 
CV 

.. J 
-J. L , 

-J 
(V 

! 
L l 

t1 
+- 

w 
Ih 

t1 
V 

ur 
(4 

r1 
.4 

F 

11 o ri rl 
i 

1i 1 r-1 
. 

r-1 w 
. 

II II o ri II II 
1 1 i l ? 

.. > IQ L., "u O. "k? nj G \, . r, --r -3 r- a" IrJ 

.1 . --1 "f 
t1 . max n. r-J "-J r-J rJ w .1 11 .J ./ rJ rJ . rJ .1 
Lý ýY U LJ LJ Li Li V U LJ LJ L. i Li LJ LJ LJ LJ 

. Tr .1 . (-. n rn 1('r In Ir. . [1 .1 !T m Yom. nJ rr. rI 

r1 rf r1 F H LJ I, lJ L. J r, L-1 ýt LJ T1 J r1 1 LJ \1 

LV 9 9 0 9 0 C7 9 Cr Cl 9 9 ': J L. a Li, G Cl G 

F. w nI ß-S u. r-J w ur r-! n. 11. r. rJ u. rJ r r1 
S4 '. (-J rA rr} -} rl -i v C. l "ri r_l -i (Y 
ri . rýl ' rl - r'1 r- . r'1 -, r'1 I? r -t t ri ri ? " 

a, of +f a1 t ý't W uJ V, LI ft L-1 W \v c1 ai LL" V, u u 
rr9 ry to n U" r .1 rr. rr. ý- U rJ II . rl (1 r"1 

r. V tL C} rI v r1 LJ r1 u u CJ LJ rI r1 o u 11 11 u u 

M rt. rr. rn 1. -. In Cr. rr. -1 rn 11 rtr r1 rn +- . -+ .n rn . 1 
L! nJ LJ LJ f'} U 1.1 . nJ "IJ L/ t1 l1 , r1 r- l1 41 t1 11 F 1J V 9 9 9 9 lJ lJ G V . i, V 9 V V V "ý V V G "J 

" n. . l. u. rl r1 r" n. .n J'1 w .n t- u" ul nr + a. rl rl n. 

IA r? r-- G rr) "fl (4 Cy IA (. j tJ? S4 '1 CV L. J üý C4 ' G 
n ri ri ri ri ri ri ri ri n rti n rý ri ri ri ri .ý ri ri ri ri 

r- Pl U. V, V, ul w ul Tr nl W cl ILA VJ V, 'T 1- I1 " I- V, r- P, 

r f F In r"J (l r 171 . - ry N r-J N rt In y rr. N r *% N , - N I rý In 
fý c1 r1 1r r1 r1 tL r1 r1i tr r1 G rr rr r1 1.1 1.1 r1 t1 t) 1.1 O t 

In 1'- rri IfJ 17 IC" "- T IG ('1 !G OI rry _ G -i H O" r- a" 
"' 

M1 rJ tl nI 1'J . r1 . 11 nr rl rl . tI rl r. r. 11 11 V-5 1l 
. --1 T . "-1 lJ V G V ll LJ V LJ G lJ G Ll Ll IJ I.: J LJ c! LJ G LJ -J Ll 

tI nl lI "1, rJ It. uI rl 111 rl -- V" rl rJ nr ur tI u. rJ t1 u. w r. 
r'ý ý- SV O C4 CV +- r" O CV C-1 S4 G G "fi r G rý "4 
ri ri ri ri ri r-, rzi ri r ri r-i ri I -i ri ci r, ri ri 6 In rI In 

L! UI PJ t1 \1 V Pl 'A, It, (J r- -T lV {L" L1 t- f- :2 1J1 . J! ýl! `? T1 W V, 
r . - fl rn r"4 r"/ ". 1 rY Vl r'l rli ,1 "- ,1 Ifl C1 rrr r-- II It r-1 f_l rl 

r-Y . r1 "f 
I l 11 r1 r1 tI 0 tr rL 13 

. 

11 t1 r! c? Y II Y t1 O 
. 

11 1 L. ýO 
. 

II II Lr r1 t. 1 

Co G O. (y IA G '! rG .? 1-- CV Or 10 (G G -1 I- (LI O. "S "- c} . - -C. G to G 
. -ý M rl 

r. 

LJ 

P. 

LJ 

r" 

LJ 

f1 

LA LJ 

II 

LJ 

. 

U LJ 

r. 

LJ 

I 

LJ 

. 

U LJ 

11, 

U 

f 

LJ 

u. 

U 

rI 

LJ 

. 

LJ 

P. 

LA 

r-1 

LJ 

t1 

LJ 

r 

Li 

? 

LJ 

1I 

LJ 

rJ 

U 

P. 

LJ 

r-. 

I? 

re 

LJ 

-;; 7 In n' r P. fl IYl .1 I". 1(1 1 M .1 rl M1I rrr IY" .1 r`J ry . .1 r /T 11} If. 

F 4: 
'IJ 

. -ý 
A1 

`. 
(i n:, 

ri 
rr, ý'r 

yi 

- 
ý'r 

n 

lJ 

ri 
n, 

n L{ 
LJ 

G 
LJ 
n 

LJ 

G 
LJ 

4i ri 
Ll 

ri 
ýr 

o 
r. 

Cu 
\1 

G 
r 

r? 
, 

cp 
U 

o 
n, 

G 
P, 

[? 

LJ 

4 
PJ 

^ 
LJ 

1ý 

\1 \J I", w L1 V, r . I. J f7 °S L1 LJ L1 " I- W " Ur 't Tt r- W 1- u. LL" lJ 
r-r ri rrr rr. rr. ri 

C'. 
. - Ln ry r_t rr. m rn r_i N ri rar rte. r_"1 rr. N r_ i .l "1 

L1 11 L1 I1 11 x1 11 91 11 r1 4 t1 /1 11 11 r. 91 11 11 r1 11 11 11 11 LI 11 11 11 11 

"A 1-- .O 1-- a-J In r? (v -! "L" v "? G O" "A 1-- h "I c-1 rJ LJ (4 "r, O -i O" 
r H F . ". J n. .1 v; Ae ýCf} n. r. 1 r! 1L r"J r1 . r1 r1 V9 .1 n. .t 11 "J n. rJ rJ r. 

"'"I LJ L. l LJ LJ IJ L_+ V Li L L L 

ý1 1-- In fl f- V. In 11. rA in rl I-- (Irr . f" M N 11. fl rl rr. . f" /y "1 - Of N [l ý- WWI 

H r1 0 
. il 

, i, 
`Y 

,Y 1_i 
nJ 

r=i 
"t 

L 
L1 

rY 
"T 

G 
U 

tl 1= 
\1 

Y 
' 

'' Y 
U 

`i 
I"l 

s' 
U 

9 
L1 

° 
ý'f 

1= 
U 

Y 
. iJ 

'= 9 
l1 

9 9 
r1 

G 
U 

o 
\1 

9 
U OJ L. 1 'Y U 

Ii rr '1) 01 . yr ýI ur rJ 1. u r. . r. r1 . r. r- I * 11 CI d0 . 1I nr r. 11 rJ r 

(V t4 (y CV (4 r "J) (V .? Cl G I r r.. G 4} 
f Y F 

T 

1i tI 

, 
1i rý Ii o II 1I ti tI ti 1i rý1" 11 II tI i II II 1I Ii 11 6 11 t tI I i 1i 1i 

hr IA n IG IC. I- 1? Ir) (V t"J 10 O. ! ý7 'Cs -f -1 : -1 1-- C4 1- 17 1 -3 I-- , OI G 1"- "I) G 
,1 IV r1 .1 "1 r" . rJ In <u rJ rJ r1 Ln rl rr II CI r! . e 1 J . r1 rI 

" 
1) rl 

LJ LJ U LJ LJ LJ Ll LJ LJ LJ LJ LJ V V U Ll LJ V LJ U LJ LJ LJ LJ LJ LJ LA tJ LJ LJ LJ LJ Ll 

W. r- Ir. Yr. N ". r'J 1'l .1 1r. Ir. R. /7. R. r1 -i 1[I f1 11. 1-- r" r1 YT r-J Yn N r-1 II UI r. r1 
'f l1 L r"1 ý'r ýt ". ' L '7 W P7 L LJ L1 Li U " lJ `T LI LJ LJ " %4 U h- ll 

r" - LJ G G G 1? 1J "J LJ LJ 'f "L' CJ IJ LJ LTI LJ LJ l7 9 9 LJ 1J IJ IL/ lJ 17 Ij (J IJ lJ ! "J 

P 

lJ 1J 

uI r- ý. f) r1 r i n. q. r.. rJ .n n. z r" J, r r- V7 r- ý- 11 n. rJ r J t1 rJ t O Irk uI 
G in r) r G v (V r'? V r {'J G ý- "7 "J? H 1-- CI -f IA IA h (1 n) J ( -) (4 P In .4 ý- 
ri In n n In In ri ri In ri ri In ri [i n In [n r ri ri ri ri ri ri ri 

L1 V, LJ V, W. V. " T! t1 L LL" IL" 111 LL" V! LJ r- V. " U f- W n) V l1 l1 V! `. 1 if' L)1 - 
In In rn Yn "n rý rr. r .1 I-- rJ f'i rY "I - - i. 

- N In In "I 
LJ L1 LJ Ll &I Lj tj Ij tj LJ LJ LJ U LJ LJ l. J LJ L 

I 
LJ iI LJ L-1 LJ LJ LJ LJ U U LJ LJ V U L. J 

l 
\ý 

- M . -Y M '-r 'G 
, --1 

. "-1 r1 ýT r-1 ''1 -I r1 M . -1 r1 "T . "-1 M "T 'O . -i . -4 "-1 r "T r r1 r"+ -'T rV M rti 

. -. H r1 r1 r1 r1 . r] P1 "r) -T 1 rri " r1 r/ r r1 /"'l T . L. "C" 'i" 'V 1' 'Al V . -f 

r-ý r--I ry ry /"y .y ry r1 r r-1 r-1 /1 /-1 f1 r1 r rl f1 .1 "-1 "1 r f1 r 



Chapter 5 

Table 5-2: Topmost Sub-Factor Correlations - 

Factors Relations 

S S 
S Factor R r2 S Factor 

F F F F 

2 8 1 24/7/365 Readiness 0.71 50% 1 1 1 Time Behavior 

2 2 1 Payment Systems Security 0.71 50% 1 1 3 Page Generation Speed 

2 3 1 Recoverability 0.70 49% 1 1 1 Time Behavior 

1 4 4 Changeability 0.70 49% 1 2 1 Understandability 

2 6 2 Correctness 0.69 48% 1 5 1 Attractiveness 

2 7 2 Farming capabilities 0.68 46% 2 2 6 Privacy 

2 1 2 Client Support 0.67 45% 1 1 1 Time Behavior 

3 1 3 Clarity 0.66 44% 1 3 5 Links Visibility 

2 6 1 Updated Content 0.66 44% 1 5 1 Attractiveness 

3 2 1 Interface Standards 0.64 41% 1 5 2 Aesthetic Attributes 

Client Profile 
2 1 4 Suitability 0.64 41% 1 5 3 

Identification 

Minimal Path & Shortcut 
1 3 2 0.62 38% 1 1 1 Time Behavior 

Facility 

Minimal Path & Shortcut 
1 3 2 0.62 38% 1 2 1 Understandability 

Facility 

2 1 1 Accuracy 0.61 37% 1 2 3 Interactivity 

Browser version 
2 8 4 0.61 37% 1 5 1 Attractiveness 

compatibility 

Navigation Structure 
1 5 3 Client Profile Identification 0.60 36% 1 3 4 

Taxonomy 

2 8 1 24/7/365 Readiness 0.58 34% 2 1 2 Client Support 

2 2 3 Site Authentication 0.58 34% 2 1 4 Suitability 

Navigation Structure 
2 2 3 Site Authentication 0.57 32% 1 3 4 

Taxonomy 

3 1 3 Clarity 0.57 32% 1 4 1 Stability 

1 5 1 Attractiveness 0.57 32% 1 4 4 Changeability 

2 8 1 24/7/365 Readiness 0.57 32% 2 2 6 Privacy 

Browser version 
2 8 4 0.57 32% 2 6 1 Updated Content 

compatibility 

Response Time 
2 1 1 Accuracy 0.56 31% 1 2 6 

Uniformity 

2 4 1 Data Integrity 0.56 31% 2 1 1 Accuracy 

3 1 1 Language Correctness 0.55 30% 1 1 3 Page Generation Speed 
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S S 
S Factor R r2 S Factor 

F F F F 

2 4 1 Data Integrity 0.55 30% 1 5 1 Attractiveness 

2 8 1 24/7/365 Readiness 0.55 30% 2 3 1 Recoverability 

3 1 1 Language Correctness 0.55 30% 1 1 1 Time Behavior 

1 " "Shopping Cart" 
2 1 2 Client Support 0.54 29% 1 2 

3 Metaphor 

Client Profile 
2 2 3 Site Authentication 0.54 29% 1 5 3 

Identification 

Browser version 
2 8 4 0.54 29% 2 4 1 Data Integrity 

compatibility 

3 1 1 Language Correctness 0.54 29% 2 6 4 User Oriented 

Navigation Structure 
1 4 1 Stability 0.53 28% 1 3 4 

Taxonomy 

Minimal Path & Shortcut 
2 8 1 24/7/365 Readiness 0.53 28% 1 3 2 

Facility 

2 4 1 Data Integrity 0.53 28% 1 4 4 Changeability 

1 
1 4 1 Stability 0.52 27% 1 2 Help Availability 

1 

2 6 2 Correctness 0.51 26% 2 3 1 Recoverability 

2 4 1 Data Integrity -0.51 26% 1 1 3 Page Generation Speed 

2 2 3 Site Authentication -0.52 27% 1 2 3 Interactivity 

Navigation Structure 
2 6 4 User Oriented -0.53 28% 1 3 4 

Taxonomy 

1 Response Time 
1 2 Help Availability -0.54 29% 1 2 6 

1 Uniformity 

2 6 1 Updated Content -0.54 29% 1 5 2 Aesthetic Attributes 

Payment Systems 
2 2 4 Access Control -0.54 29% 2 2 1 

Security 

2 2 6 Privacy -0.55 30% 1 1 3 Page Generation Speed 

Navigation Structure Absence Of Navigation 
1 3 4 -0.55 30% 1 3 1 

Taxonomy Errors 

1 2 6 Response Time Uniformity -0.56 31% 1 1 3 Page Generation Speed 

Navigation Structure 
2 2 6 Privacy -0.56 31% 1 3 4 

Taxonomy 

Payment Systems 
2 8 5 Cross Browser Support -0.56 31% 2 2 1 

Security 
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S 
Q 

F 

S 

F 
Factor R r2 S 

Q 

F 

S 

F 
Factor 

2 3 1 Recoverability -0.57 32% 1 1 3 Page Generation Speed 

3 1 3 Clarity -0.57 32% 1 4 4 Changeability 

2 8 1 24/7/365 Readiness -0.57 32% 2 2 3 Site Authentication 

3 1 3 Clarity -0.57 32% 2 2 6 Privacy 

1 5 3 Client Profile Identification -0.58 34% 1 2 3 Interactivity 

2 4 1 Data Integrity -0.59 35% 1 2 1 Help Availability 

2 8 5 Cross Browser Support -0.60 36% 1 1 3 Page Generation Speed 

1 4 1 Stability -0.63 40% 1 2 1 Understandability 

1 5 1 Attractiveness -0.63 40% 1 2 
1 

1 
Help Availability 

2 2 3 Site Authentication -0.63 40% 2 1 1 Accuracy 

2 1 1 Accuracy -0.64 41% 1 1 3 Page Generation Speed 

2 1 4 Suitability -0.66 44% 2 1 1 Accuracy 

2 6 7 Completeness -0.68 46% 1 2 4 Learn-ability 

2 6 2 Correctness -0.68 46% 2 1 4 Suitability 

2 1 1 Accuracy -0.69 48% 1 5 3 
Client Profile 

Identification 

2 8 4 
Browser version 

compatibility 
-0.70 49% 1 5 2 Aesthetic Attributes 

2 8 1 24/7/365 Readiness -0.75 56% 1 3 4 
Navigation Structure 

Taxonomy 

1 4 4 Changeability -0.75 56% 1 4 1 Stability 

3 1 3 Clarity -0.77 59% 1 2 1 Understandability 

3 1 3 Clarity -0.79 62% 1 3 2 
Minimal Path & Shortcut 

Facility 

1 4 4 Changeability -0.85 72% 1 2 
1 

1 
Help Availability 

Where: 

S: Represents quality objective number. 

QF: Represents quality factor number. 

SF: Represents quality sub-factor number. 
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While correlation coefficients are normally reported as r (a value between -1 and +1), 

squaring them makes it easier to understand. The square of the coefficient (or r squared) 

is equal to the proportion of the variation in one variable that is related to the variation 

in the other. 

5.3 Cause and Effect Analysis 

Correlation is not an indication of cause-and-effect relationships (StatSoft, 2005) where 

changes in one variable impacts and is the direct cause of changes in the correlated 

variable. Correlations merely indicate whether two variables are in unison in terms of 

movement. However, a harmony in movement in either the same direction or opposite 

(inverse) direction provides insight to the possibility of cause-and-effect relations. 

The validation of this possibility was exercised by using a panel of experts to analyze 

the results of the correlation analysis to draw conclusions about which viable inter- 

dependencies to include in the assessment model. The selected panel members were the 

three topmost experienced professionals in E-commerce website development from the 

original participant group for the questionnaire, Basil Qubain (BQ), Osamah Telfah 

(OT) and Dawsar Zghoul (DZ). Appendix D provides a summary of their profiles. 

The panel members were invited to a group discussion on what would be the relevant 

and important relationships among the sub-factors. Using Martin's (2003) approach, a 

stepwise model selection technique combining forward selection and backwards 

elimination was used. Every panel member was asked to select the best causal 

relationship, in their view, from the Topmost Correlations table, Table 5-2. 
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- Table 5-3: Sequenced Selection of Sub-Factors - 

Factors Relations 

Sub Factor Sub Factor Selector Selection 

Sequence 

Attractiveness Help Availability BQ 1 

Minimal Path & Shortcut Facility Time Behavior DZ 1 

Stability Understandability OT 1 

Client Support "Shopping Cart" Metaphor BQ 2 

Navigation Structure Taxonomy Absence Of Navigation Errors DZ 2 

Site Authentication Suitability OT 2 

Data Integrity Changeability BQ 3 

Changeability Help Availability DZ 3 

Recoverability Time Behavior OT 3 

Clarity Minimal Path & Shortcut Facility BQ 4 

24/7/365 Readiness Client Support DZ 4 

Correctness Suitability OT 4 

Stability Help Availability BQ 5 

Access Control Payment Systems Security DZ 5 

Data Integrity Accuracy OT 5 

Client Profile Identification Interactivity BQ 6 

Response Time Uniformity Page Generation Speed DZ 6 

Correctness Attractiveness OT 6 

Suitability Client Profile Identification BQ 7 

Recoverability Page Generation Speed DZ 7 

Changeability Understandability OT 7 

Clarity Links Visibility BQ 8 

Data Integrity Attractiveness DZ 8 

Clarity Changeability OT 8 

Clarity Understandability BQ 9 

Accuracy Page Generation Speed DZ 9 

Updated Content Attractiveness BQ 10 

Privacy Navigation Structure Taxonomy DZ 10 

Correctness Recoverability BQ 11 

User Oriented Navigation Structure Taxonomy DZ 11 

Completeness Learn-ability DZ 12 

Browser version compatibility Updated Content DZ 13 

Minimal Path & Shortcut Facility Understandability DZ 14 

Clarity Stability DZ 15 

Accuracy Response Time Uniformity DZ 16 
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Table 5-4: Sequence Discarding Sub-Factors Inter-relations - 

Sub Factor Sub Factor Selector Discard 
Sequence 

Data Integrity Changeability BQ -1 
Minimal Path & Shortcut Facility Time Behavior DZ -1 
Changeability Understandability OT -1 
Correctness Recoverability BQ -2 
Navigation Structure Taxonomy Absence Of Navigation Errors DZ -2 
Clarity Changeability OT -2 
Suitability Client Profile Identification BQ -3 
Changeability Help Availability DZ -3 
Data Integrity Accuracy OT -3 
Client Profile Identification Interactivity BQ -4 
Accuracy Page Generation Speed DZ -4 
Correctness Attractiveness OT -4 
Stability Help Availability BQ -5 
User Oriented Navigation Structure Taxonomy DZ -5 
Correctness Suitability OT -5 
Browser version compatibility Updated Content DZ -6 
Accuracy Response Time Uniformity DZ -7 

- Table 5-5: Finalized Selection of Sub-Factors Interdependencies - 

Sub Factor Sub Factor 

"Shopping Cart" Metaphor Influences Client Support 

24/7/365 Readiness Influences Client Support 

Access Control Influences Payment Systems Security 

Clarity Influences Understandability 

Completeness Influences Learn-ability 

Data Integrity Influences Attractiveness 

Help Availability Influences Attractiveness 

Links Visibility Influences Clarity 

Minimal Path & Shortcut Facility Influences Clarity 

Minimal Path & Shortcut Facility Influences Understandability 

Navigation Structure Taxonomy Influences Privacy 

Page Generation Speed Influences Response Time Uniformity 

Page Generation Speed Influences Recoverability 

Recoverability Influences Time Behavior 

Site Authentication Influences Suitability 

Stability Influences Clarity 

Stability Influences Understandability 

Updated Content Influences Attractiveness 
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The selection was iterated one relationship at a time in a round-robin approach. Not 

knowing when a cessation would reach in this process, the members continued till their 

own point of satisfaction was reached and no further selection was added to their list. 

At that point a reversal elimination process started where each member was asked to 

return the least desired relation from their possession. The process continued in a 

round-robin fashion until the panel collectively retained 50% of the initially selected 

relations. The exercise was concluded at that point. Tables 5-3,5-4 and 5-5 show the 

results of the selection process. 

5.4 Factors Relationship Analysis 

The same panel of three experts was invited to another exercise to perform interrelations 

analysis at the quality factors level. All the possible factors relations as shown in Table 

5-6 were projected at a display wall. The panel members were asked to assess the 

relation "cells" and provide a score of 0 to 2 whereas "2" indicates the presence of 

strong causal relations and a "0" the lack of such a relationship. Table 5-6 lists possible 

relations among factors and the rating results received. The results are shown in Table 

5-7. The most significant relationships were chosen to be those that achieved a rating of 

more than 3. This figure was chosen because: 

" It is an intuitive value as it selects those relationships above the half-way point. 

A value of 4 or more could only be achieved by at least one of the experts rating 

the relation as being strong. Even if one expert thought the there was no 

relationship he would have been outvoted by the other two who believed the 

relationship to be strong. 

" The three experts themselves agreed this should be the criterion to select the 

most significant factors relationships. 

" This value produces a good balanced network that is neither too simple with too 

few factors relations or too complex with too many relations. 
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- Table 5-6: Factors' Polled Relations - 

Factors Relations 

y y L C i. 

.r .r Qy o O .r 

yýj 
U 

r. 
. 

I' LA r+ý 

C 
.r Eýy .r 

9: 6 
r. 

0 Z., 
*. A = ýj 6 o iJ 

ý - 
r r 'r 

b 
L 4. 

L Ü i bA 
r ý.. C% U d 

-a 
C C I1 V] 

Cl 
it .., r Ln 'd 'O 

C W 

(A 

4) 
z 

4 
0 ä 14-a w 

Usability 

Efficiency 

User Friendliness 1 

Navigability 3 3 

Maintainability 1 0 0 

Involvement Capacity 0 5 2 0 

Conceptual Reliability 

Functionality 3 3 3 2 0 

Security 0 0 0 4 0 3 

Reliability 0 0 0 4 0 3 5 

Integrity 0 0 0 4 0 4 6 6 

Trustworthiness 0 0 0 0 0 3 6 6 6 

Content Adequacy 5 4 1 2 0 4 0 0 0 5 

Scalability 3 0 0 5 3 0 0 3 0 0 0 

Availability 0 0 0 0 0 3 0 0 0 0 0 1 

Representation Reliability 

Readability 3 5 0 0 0 0 0 0 0 0 0 0 0 

Standards Conformance 0 0 0 5 0 0 0 0 0 0 0 0 0 0 

Ease Of Manipulation 0 0 0 0 0 4 0 0 0 0 0 3 1 0 0 

Table 5-7: Factor Relations' Polling Results - 

Highest and Highest Possible Score 6.0 

Lowest and Lowest Possible Score 0.0 

Total Score 150 

Total Count 120 

Average (Mean) 1.25 

Median 0.0 

Threshold 4.0 
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Table 5-8 shows the resultant relations inferred. 

Factors Relations 

- Table 5-8: Finalized Selection of Factors' Interdependencies - 

Sub Factor Sub Factor 

Involvement Capacity Influences User-Friendliness 

Security Influences Maintainability 

Reliability Influences Maintainability 

Reliability Influences Security 

Integrity Influences Security 

Integrity Influences Reliability 

Integrity Influences Maintainability 

Integrity Influences Functionality 

Trustworthiness Influences Security 

Trustworthiness Influences Reliability 

Trustworthiness Influences Integrity 

Content Adequacy Influences Efficiency 

Content Adequacy Influences Integrity 

Content Adequacy Influences User-Friendliness 

Content Adequacy Influences Functionality 

Scalability Influences Maintainability 

Readability Influences User-Friendliness 

Standards Conformance Influences Maintainability 

Ease Of Manipulation Influences Functionality 

5.5 Conclusion 

This chapter has finalized the causal interrelations among the identified quality factors 

and sub-factors in preparation for setting up the quality assessment model. The research 

in this chapter set the stage for a Bayesian Belief Network for assessing the probability 

of an E-commerce website quality as explained in the following chapter. 
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Chapter 6- Creating a Bayesian Belief Network 

6.1 Introduction 

This chapter describes the development of the Bayesian Belief Network, called 
EWQPNet (E-commerce Website Quality Prediction Network) that facilitates assessing 

the quality of E-commerce websites. The chapter first provides an overview of 

Bayesian Belief Networks, and then continues with the steps and processes taken to 

produce the target model of this thesis. 

According to Jensen (2002), Bayesian Belief Networks are often called decision support 

systems, where the factors affecting a decision, are modeled in terms of their elements 

and inter-dependencies. The aims of this thesis, stated in Chapter One, can be regarded 

as just that - to create a decision support system to aid in the assessment and decision 

making with regard to the quality assessment of E-commerce websites. The challenge 

is to identify the elements required to build the appropriate Bayesian Belief Network. 

6.2 Bayesian Belief Networks 

A Bayesian Belief Network is a graph composed of variables (also known as nodes) 

connected by arrows (also known as arcs and edges) indicating an influencing 

relationship between the connected nodes. Each node has a fixed number of states, and a 

table of probabilities indicating its relationship with another node. Edges reflect cause- 

effect relationships within the domain. These effects are normally not completely 

deterministic. The strength of an effect is modeled as a probability, according to Jensen 

(2002). Mathematically, and according to Jensen (2002), a Bayesian Belief Network is a 

probabilistic network that helps model and measures valuations and assessments. 

A Bayesian network is used to model a domain containing uncertainty in some manner. 

The technology with which a system handles uncertain information forms is a crucial 

component of its overall performance. The technologies for modeling uncertainty 
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include Bayesian probability, Dempster-Shafer theory, Fuzzy Logic, and Certainty 

Factor. Bayesian probability uses probability theory to manage uncertainty by explicitly 

representing the conditional dependencies between the different knowledge 

components. It offers a language and calculus for reasoning about the beliefs in the 

presence of uncertainty. Prior probabilities are thus updated, after new events are 

observed to produce posterior probabilities. By repeating this process, the implications 

of multiple source of evidence can be calculated in a consistent way, and the 

uncertainties are exploited explicitly to reach an objective conclusion. A Bayesian 

Belief Network provides an intuitive graphical visualization of the knowledge including 

the interactions among the various sources of uncertainty. 

According to Niedermayer (1998), Bayesian Networks have become an important tool 

for research and applications. They are useful for both inferential exploration of 

previously undetermined relationships among variables and for descriptions of the 

relationships discovered. A Bayesian Network can be viewed as a "story" (Friedman, 

1998) of causes that lead to the effects that influenced the outcome of the end-node in 

the network. 

Producing a Bayesian Belief Network is a two stage approach (Friedman, 1998). 

Qualitative analysis is the first stage, followed by quantitative analysis. 

6.3 Qualitative Analysis 

Qualitative analysis entails representing the Bayesian Belief Networks in the form of an 

acyclic graph consisting of nodes and directed arcs. The quality factors map to the 

nodes and their inter-relationships are represented by the arcs. 

Identifying the factors, sub-factors and their inter-relationships was completed in the 

previous chapters. Figure 6-1 illustrates the efforts in a graphical representation. 

The target Bayesian Belief Network was built using the tool, Hugin Expert A/S (Hugin, 

2006). Only quality factors and sub-factors having multiple inter-relationships with 

other factors are required in the network. Sub-factors with single direct feed into a 

80 



Chapter 6 Creating a Bayesian Belief Network 

quality factor were removed from the model since their influence is already factored-in 

the probability of their factor. Furthermore, applying the concepts of divorcing and d- 

separation and arc representation (Yu and Johnson, 2002) reduced the complexity of the 

network to a level of practical effectiveness. These concepts are explained in Appendix 

K. The resultant Bayesian Belief Network is shown in Figure 6.2. 

As Figure 6.2 illustrates, there are three types of nodes in the EWQPNet: 

1. Target nodes, the nodes about which the objective of the network is to make 

an assessment. In this network, Quality is the target node. This assessment 

is expressed with a quantifiable target variable for quality. 

2. Intermediate nodes, which are nodes for which there is limited information, 

or only "beliefs". The associated variables are the hidden variables. In this 

network, Functionality, Trustworthiness, Maintainability, Usability, 

Conceptual Reliability and Representative Reliability are intermediate nodes. 

3. Observable nodes, which can be directly observed with associated 

observable variables that are measurable or quantifiable, even though this 

measurement may not be exact and objective. All remaining nodes in the 

network are observable nodes that can be quantified, based on the findings 

gathered from their sub-factors. 
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- Figure 6-1 - 
- Network Representations of Quality Causes (Factors & Sub Factors) in E-commerce Websites - 
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- Figure 6-2: Final Bayesian Belief Network (EWQPNet) - 

6.4 Quantitative Analysis 

The second stage in building the Bayesian Belief Network is to quantify it with weights 

and figures, providing a representation of the joint probabilities. This necessitates 

assessing the probabilities of each factor on the network from the probability 

distributions for each of the factors, and conditionally, on their direct predecessors. 

This needed data may be gleaned from literature, elicited from experts, or learned 

directly from observations (Grois, 1995). In this research, the second option, elicitation 

from experts, was used for building EWQPNet. Once EWQPNet was finalized, it was 

tested against actual collected observations of selected case studies to justify its validity. 

The expert panel, used previously and described in the previous chapter, was asked 

again to help derive an effective mechanism for quantifying the relations. 

Unanimously, the three experts agreed to limit quantifiable assessment of each variable 

to 3 values: (+1) means the variable has positive influence within the website, (-1) 
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indicates an absence of evidence of the variable's attribute in the website and (0) 

indicates neutrality in the decision about the variable's influence within the website. 

In order to define the relations between the variables, firstly the dependent probabilities 

that describe the relations between a `child' node and its `parent' nodes must be 

determined for each node. If the values of each variable are distinct, then the 

probabilities for each node can be described in a Node Probability Table NPT. This 

table presents the probability that a `child' node is assigned a certain value for each 

combination of possible values of the `parent' nodes. For example, Figure 6-3 presents 

two `parent' nodes (nodes A and B) and one `child' node (node Q. The probability 

table of node C reflects the probability P(CIA, B) for all possible combinations of C, A, 

B. Thus, since there are two possible states for node A (True, False) of Figure 6-3, two 

possible states for node B (True, False) and two for node C (True, False), then the NPT 

of node C will include 2*2*2=8 elements. 

Figure 6-3: BBN: qualitative specification 

A conditional probability is associated with each of these states for each combination of 

states of their direct predecessors (see Figure 6-4 for an example). A complete listing of 

the conditional probability tables is found in Appendix E. 
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Figure 6-4: A BBN: quantitative specification 

The network can be relied upon to deliver mathematical correct probabilities given 

correct qualitative and quantitative specifications of the BBN. If a BBN doesn't give 

correct output, it may be an indication that the probabilistic information in the network 

is wrong or that there is something wrong with the qualitative specification of the 

network. 

Problems with the qualitative specification may be missing variables (over- 

simplification) or incorrect dependency relations between variables (missing arrows or 

too many arrows). Problems with the quantitative specification are caused by incorrect 

conditional probabilities. Most of these errors only manifest themselves in very specific 

situations (Yu and Johnson, 2002). Therefore, a network has to be tested to make sure 

the output of it is correct under all circumstances and this is done for EWQPNet in the 

next chapters. 

6.5 Insight on Nodes Influences 

The resultant model produced is shown in Figure 6-2. Table 6-1 lists how the factors 

acting as the Bayesian Belief Network nodes influence the EWQPNet from a business 

domain perspective. 
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Table 6-1: How the factors acting as BBN nodes influence the EWQPNet from a business 

domain perspective. - 

Observable Influence Described 

Nodes 

Security The extent of security when accessing and using the E-commerce 

website ultimately influences the quality from the perspective of 

the E-commerce website's basic trustworthiness and conceptual 

reliability. 

Availability The extent of availability of the E-commerce website influences 

the quality from the perspective of conceptual reliability. 

Scalability The extent of scalability of the E-commerce website to 

consistently match growing demand on its services influences the 

quality from the perspective of the E-commerce website's basic 

Maintainability and conceptual reliability. 

Integrity The extent that stored and processed data can be relied on 

influences the website quality from the perspective of the 

conceptual reliability. 

Content Ensuring the right amount and appropriate type of information is 

Adequacy presented within context influences the quality from the 

perspective of the conceptual reliability. 

Trustworthiness The extent that the user can trust the consistency in performance, 

data and processing of data influences the quality from the 

perspective of the overall conceptual reliability 

Accuracy The correctness in performing calculations and measurements 

influences the quality from the perspective of the functionality of 

operations and the overall conceptual reliability. 

Involved The measure of which the E-commerce website can adapt to each 

Capacity user's individuality influences the quality from the perspective of 

the functionality of operations and the overall conceptual 

reliability. 

Maintainability The ease of adapting and changing the underlying software of the 

E-commerce website to meet user changes and growing 

requirements influences the quality from the perspective of 
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Observable Influence Described 

Nodes 

usability. 

User- The ease of matching users' expectations and the minimization of 
Friendliness users' efforts to achieve objectives when using the E-commerce 

website influences the quality from the perspective of usability. 

Navigability The ease of traversing the E-commerce website pages influences 

the quality from the perspective of usability. 

Reliability The fundamental reliability of basic operations and execution of 
functions influences the quality from the perspective of the 

overall conceptual reliability. 

Efficiency The reduction in time consumed to achieve goals and objectives 

by the user when using the E-commerce website influences the 

quality from the perspective of the overall conceptual reliability. 
Readability The ease of reading and comprehending the content of the 

E-commerce website influences the quality from the perspective 

of the overall representative reliability. 

Standard The consistency of implementation of the E-commerce website 

Conformance and its adherence to the standards influences the quality from the 

perspective of the E-commerce website's basic maintainability 

and overall representative reliability. 

Functionality The level of richness and practicality of the functional features 

the E-commerce website offers influences the quality from the 

perspective of the overall conceptual reliability. 

6.6 Conclusion 

This chapter has described the development of the Bayesian Belief Network, 

EWQPNet, based on qualitative and quantitative analysis and fed into a modelling and a 

simulation tool, Hugin Expert A/S. This Bayesian network model is analysed from the 

perspective of the modelling tool and, in later chapters, is put through an exercise to 

validate the viability of the model created. 
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Chapter 7- Analysis of the Model 

7.1 Introduction 

This chapter analyzes the Bayesian Belief Network developed in the previous chapter in 

terms of its functionality, use and viability. This step is a prelude to putting the model 

to use by applying it to case studies of E-commerce websites. 

According to Yu and Johnson (2002), a Bayesian Belief Network is based on 

probability and provides a sound mathematical basis for reasoning under uncertainty 

since: 

" It allows the user to envisage multiple possible states of the world with different 

degrees of likelihood. 

" It allows the user to incorporate multiple pieces of evidence obtained from 

various sensors in a coherent way. 

This allows the user to make optimal decisions that lead to the maximum expected 

utility. 

The key feature of Bayesian Belief Networks is that they enable us to model and reason 

about uncertainty. The developed EWQPNet model involved setting the key factors 

that influence qualities of E-commerce websites, their inter-relationships and the 

probability distributions for each quality factor within the network. The expert panel 

was solicited to validate assumptions about the inferential relationship among the 

factors and sub-factors (nodes) enabling a practical probability framework to be 

developed. Once this model is completed, it can be deployed to assess quality by 

computing the probabilities of the component variables from the given evidence. 
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7.2 The Modeling Tool Used 

Analysis of the Model 

Hugin Expert A/S (Hugin, 2006) is essentially a clever application for modeling and 

simulating Bayesian Belief Networks. The tool was built by professionals and experts 
in statistics and computer science in Aalborg, Denmark. Originally, the product was an 

offshoot from a research project on knowledge based system techniques, eventually 

growing to be a commercialized package for decision support solutions utilizing 
Bayesian Network technology (Hugin, 2006). 

I-lugin Researcher 6.1 
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- Figure 7-1: Screen shot to Hugin software with model loaded - 

Figure 7.1 is a screen shot of the model as it was loaded and run in the system. The 

right pane in the figure displays the graphical representation of the model. The left pane 

displays the node list, with each node expanded to show its state. 

The model describes three types of key factors (Variables) to achieve quality: 

1. High level of Usability attributes 

2. High level of Conceptual Reliability 
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3. High level of Representative Reliability 

Analysis of the Model 

The tool computes the component availability based on the information found in the 
Node Probability Table. This is a table for each node that holds all the possible 
combinations of this availability number, which can be interpreted as the initial value 
for the component. These availabilities can be updated as additional evidence is 

gathered so that the tool can re-compute the overall component availability based on 
new data. 

7.3 Parametric Learning 

Bayesian Belief Networks are based on a general probabilistic inference model for 

finding the probability of an event given a set of evidence. Having entered the 

probabilities for this thesis model, various types of analysis can be performed. The 

most prominent is revising probabilities in the light of actual observations of events in 

the nodes. This exercise was performed while applying the EWQPNet on the case 

studies described in chapters 8,9, and 10 on the websites Softact. com, RingaDong. com, 

and Iconopportunities. com. 

In the case of a quality assessment of a website, the evidence can come from failure 

data, the efficacy of the development methods used, experience in building similar 

systems in the past, competence of the development team, architectural details of the 

design, etc. The more case-specific evidence that was gathered, the more accurately the 

EWQPNet was able to predict the quality level for the E-commerce web site and to 

discover the factors that determined the calculated quality level. 

The determination of the conditional probability, given the evidence, is called the 

"query" (Yu and Johnson, 2002). Entering evidence to update the probabilities is called 

"propagation" (Yu and Johnson, 2002). 

In the Hugin tool, the Node List is used to enter evidence and retrieve beliefs. By doing 

this, the model helps in the forward-looking assessment of the probability that a website 
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will be considered to be a quality site with a considerable level of confidence, and it 

traces backwards, looking for causes for the quality level the website is currently at. 

Further, the Hugin tool provides two types of propagation: Sum and Max. The Sum 

normal propagation is the most commonly used propagation method where it updates all 

probabilities, distribution functions, and expected utilities of the discrete chance nodes 

respectively, according to entered evidence. In the Max normal propagation, the tool 

searches for states in the network belonging to the most probable configuration of all 

nodes in the network. If a state of a node belongs to the most probable configuration it 

is given the value 100. All other states are given the relative value of the probability of 

the most probable configuration they are found in comparison with the most probable 

configuration. When running this propagation on the default settings of the network, the 

results yielded a 100% "Perhaps of Quality". Figure 7.2 is a screen shot of the model 

run under Max propagation. 
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7.4 The EWQPNet Application Process 

EWQPNet can be used both forwards and backwards. Backward use of EWQPNet 

provides assessments regarding the child nodes (e. g. nodes of E-commerce 

characteristics) when the value of a parent node (e. g. node of `Conceptual Reliability' 

characteristic) is defined. 

In the forward use, the values of each node are the inputs that are gathered from the 

evaluators' answers. These answers have only three possible states: `positive', 

`negative' and `neutral'. In this way, EWQPNet estimates the website's quality 

providing the probabilities for the possible states of the nodes that represent the quality 

characteristics and the overall quality of the website. This process, which is also 

represented in Figure 7-3, is illustrated in detail in the following paragraphs. 

In the first step of the process, the evaluation sheet of the E-commerce website will be 

given to two evaluators to answer the proposed questions. Two evaluators are assigned 

to answer the questions to avoid errors due to some carelessness or misunderstanding of 

the questions. The sheet is simply a questionnaire that gives the evaluator the option of a 

rating score from -100% to 100%, so that the third evaluator can then process these, 

scaling them down into three states as shown in appendix G: (+1) means the node has 

positive influence within the website, (1) indicates an absence of evidence of the 

node's influence in the website and (0) indicates neutrality in the decision about the 

node's influence within the website. The evaluators should be experienced, highly- 

skilled users of E-commerce websites. This may guarantee objective judging or 

estimating for the quality of the E-commerce website. Nevertheless, although the use of 

such evaluators worked well while applying EWQPNet, it is not possible to predict how 

well it would work in general, since getting three such experts who understand the terms 

could be difficult. However, this can be solved by finding ways of analyzing 

E-commerce websites' characteristics in such a way that the user does not need to 

provide estimates but precise answers of a predefined nature as explained in Section 

11.5. 
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Figure 7-3: EWQPNet Application Process 

2. In the second step of the process, a third evaluator checks whether the evaluators 

gave the same evaluation. The third evaluator acts as a judge after reviewing and 

analyzing the answers of the previous two evaluators. His role is as follows: 
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" As the two evaluators may answer the questions differently, they may not 

be able to reach a stage of complete agreement unless the judge gives his 

point of view. 

" If there is any discrepancy between the evaluators, he will aid in solving 

the individual differences to reach a stage of complete objective 

93 



Chapter 7 

evaluation. 

Analysis of the Model 

9 He must conduct analysis on items warranting further elaboration. 
3. In the next step of the process the answers of the sheet are entered into EWQPNet as 

evidence to the nodes of the E-commerce characteristics, which are the leaf nodes of 
EWQPNet. Thus, by the forward use of EWQPNet, the corresponding probability 

values of all the parent nodes can be estimated automatically, since all the Node 

Probability Tables have already been specified. In this way, the user can easily 

gather the provided results, not only for the overall quality of the E-commerce 

website, but also for all the quality characteristics and sub-characteristics used in 

EWQPNet. 

4. In the final step of the process, when the model estimates the probability values of 

the quality characteristics of an E-commerce website, the user must be able to 

classify this website and ascertain the specific fields that need to be improved. In 

other words, a comparative approach between these probability values and the 

assessment of each E-commerce website must be formulated. The measurement data 

must be grouped in different levels that characterize how good or bad a website is. 

To set these levels, two alternative approaches could be followed: 

a) Conducting experimental measurements on a number of E-commerce 

websites, then set these values according to the percentages of the 

measurement results. 

b) Setting a priori the values that define the boundaries of the levels before 

conducting the experimental measurements. 

These levels can be set as shown in the Table 7-2 below based on the second point 

mentioned above. 

- Table 7-1: Scale Levels - 

Scale Levels 

Good x>=0.80 

Average 0.65= <x<0.80 

Poor x<0.65 
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Where x, represent the probability values of the quality factors. 

7.5 EWQPNet Uses 

Analysis of the Model 

It is important to realize that any model is a simplification of reality. Therefore, the 

output of a BBN is also a simplification of reality. The design of EWQPNet was aimed 

to get useful output to aid developers to determine the quality of a website, and the 

factor elements that caused the website to reach its current state. The benefit and 

application expected from EWQPNet is to support the decision making process 

regarding the next developmental steps appropriate for the website. 

The output of a BBN consists of prior probabilities for each state in each variable 

(quality factor). The idea is that a user enters probabilities for some of the variables, for 

instance P(Content Adequacy)=1.0. This information is then used together with the 

quantitative specification of the network to re-calculate all the other probabilities. 

Furthermore, probabilities other than 1.0 can be entered, so the user is able to enter 

information that is uncertain. Though the output of the network in itself is quantitative, 

the user can use this output to make qualitative statements based on the quantitative 

output. 

Sometimes the output of a BBN contradicts what is expected from the given input. 

Contradicting output can always be traced back to either errors in the BBN, lack of 

input for the BBN, unrealistic input, confusion about terminology in the BBN or a 

mistake by the user. 

In other cases the BBN will give neutral output i. e. the probabilities for each state in a 

certain variable are more or less equal. The cause is attributed to the lack of information 

in the BBN to favor any of the states or that the variable has no incoming arrows. 

If the output is correct, the structure of the BBN can be used to find a proper argument 

for the probabilities of the variables. If, for instance, the BBN gives "unsatisfactory' 

quality for the website due to usability issues, the variable predecessors of Usability in 

the BBN and their predecessors can be examined to find out why the usability is at a 
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low level. This analysis may also suggest solutions for problems. For example, a low 

level of Usability can be traced back to Navigability and Efficiency - any solutions for 

the low level of Usability will have to address the low levels of Navigability and 
Efficiency. 

Though the ways in which a BBN can be used is unlimited, four types of usage 

strategies for EWQPNet have been identified: 

7.5.1 Quality attributes prediction 

In this type of use, as much information as possible is collected and put into EWQPNet. 

EWQPNet can calculate all the variables that have not been entered. This can give an 
impression of the quality level and reveal problems, if any, in the website. For example, 

given that the user has the information in Table 7.2 about some observable nodes, the 

user then can plug this information into EWQPNet to predict the quality level and reveal 

problems, if any, in the website. 

- Table 7-2: An example of observable node assessment - 

Nodes Assessment 

User-Friendliness Positive 

Navigability Positive 

Efficiency Positive 

Involved Capacity Neutral 

Scalability Positive 

Reliability Positive 

Security Negative 

Accuracy Negative 

Readability Positive 

Standard Conformance Positive 

According to EWQPNet, the results provided a forecast, with a 100% probability that 

the site would be lacking of Conceptual Reliability, giving a 99.5% high level of 

Usability and an "unsatisfactory" Quality for the website. 
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7.5.2 Diagnostic Use 

One of the possible uses of EWQPNet is as a diagnostic tool. When using EWQPNet in 

this way, the user is trying to find possible causes for problems. For example, Figure 7-4 

shows that the Conceptual Reliability is at a low level. Using EWQPNet as a diagnosing 

tool, the user can find that Accuracy and Security are the causes of this problem - by 

moving Accuracy and Security to a positive state this will promote the Conceptual 

Reliability to a positive state as highlighted in Figure 7.5. 
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7.5.3 Impact Analysis 

Another way to use EWQPNet is to evaluate the consequences of the future changes in 

the observable nodes on the intermediate nodes as well as the target node (Quality). To 

do so, the potential future states that the observable nodes are entered. The EWQPNet 

then calculates the intermediate nodes as well as the target node (Quality) that is likely 

for such changes on the observable node. In Figure 7-5, the user can investigate what 

will happen if the state of Involved Capacity changed from Neutral to Positive as shown 

in Figure 7.6. 

According to the EWQPNet, the results provide a prediction with 100% probability of 

high level of Conceptual Reliability, high level of Usability, and a satisfactory Quality 

level. 
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- Figure 7-6: Using EWQPNet to conduct impact analysis - 

7.5.4 Quality Attribute Fulfillment. 

EWQPNet can be used to give ratings and prioritized rankings of features that can be 

used to determine development priorities before coding begins. This can be done by 

entering beliefs about intermediate nodes into EWQPNet. The probabilities for all the 

observable nodes are then calculated. If, for instance, the design of the E-commerce 

website has to be highly usable, EWQPNet will probably give a high probability for 

Navigability, Maintainability, Efficiency, and User-Friendliness as shown in Figure 7-7. 

This information can help in cases where features that were under serious consideration 

are ranked near the bottom of the priority list; these can be removed from consideration, 

thereby saving valuable development resources. Based on this probability, the design 

team should give these quality factors more serious consideration during the 

development of an E-commerce website in order to produce a highly usable 

E-commerce site. 
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- Figure 7-7: Using EWQPNet to ensure fulfillment of quality attributes - 

The four usage strategies can be used in combination with each other. A quality 

attribute prediction usage of the EWQPNet can, for instance, reveal problems (making it 

a diagnostic usage). This may be the starting point to do impact analysis for solutions 

for the detected problems. Alternatively, if there are a lot of problems, the quality 

attribute fulfillment strategy may be used to see how much the ideal quality level 

deviates from the actual level. 

7.6 Conclusion 

This chapter analyzes the EWQPNet model derived in the previous chapters from an 

intra-relational aspect using the Hugin Expert A/S tool and illustrates four usage 

strategies for the model. The results of the analysis in this chapter prepare the model for 

use in the case study applications that validate the model in subsequent chapters. 
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Chapter 8- Applying EWQPNet to a live 

E-commerce Website 

8.1 Introduction 

The utility of the work and framework described in this thesis is applied to an actual 

website. This chapter looks at a live commercial website and analyzes its qualities 

within the developed EWQPNet. The analysis and conclusions reached is documented 

within this chapter and accompanying appendices. 

As mentioned in Chapter 6, a Bayesian Belief Network is used to determine the quality 

of a website and the factors that have caused the website to reach its current state. The 

benefit and application expected from EWQPNet is supposed to support the decision 

making regarding the next development steps appropriate for the website. A case study 

was selected to demonstrate this. 

8.2 The Case Study 

Softact. com is a live website providing E-commerce services in the area of business and 

technical artifacts. Items placed for sale are business artifacts targeting business 

consultants and professionals in the areas of business process automation. This 

constitutes a niche market which provides business value to the company. All purchased 

elements are furnished by email or, optionally, mailed on data media such as Compact 

Discs . The website is the only sales channel available to Softact customers for the 

purchase of such listed artifacts. Thus, the quality of the website is crucial. 

Average transactions per hour are 0.3 and giving a monthly total of 200. The peak, to 

date, was experienced in the week after the site was launched, reaching 6 transactions 

per minute. 

The technology used to build the website is based on the Microsoft . NET framework of 

technologies. The technology used, from the operating system to the application 
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servers, is all Microsoft based. The site's hosting is outsourced to an organization in the 

United States, including all payment clearing and merchant based transaction 

processing. 

The site was developed in two phases. The first phase was focused on establishing a 

marketing presence and presenting static informational content for which eleven static 

pages were built. The second phase has extended the site to an E-commerce platform 

which requires the addition of seventeen dynamic pages for processing the selling of 
business and technical artifacts. All efforts were built and coordinated by one team 

consisting of one senior person playing the dual role of an architect and a team leader 

with a team of three software engineers. 

8.3 Basis for Selection 
Softact was selected as a case study based on its attributes as a business model and its 

technical implementation, making it a typical representative of an E-commerce website. 

Softact's website: 

" Targets users who conduct electronic commerce for the purpose of exchanging 

valued goods for money. 

9 Has been up for a time period exceeding one year and has attracted and retained 

customers. 

9 Has implemented and successfully demonstrated the business model it was 

intended for by its founders. 

The site met the qualification criteria for case studies as set in Appendix F. 

Furthermore, the people behind Softact have expressed willingness to cooperate and 

support testing the website through the application of the developed EWQPNet model 

for the purpose of assessing its quality. 

8.4 Exercise Methodology 

The Goal-Question-Metric approach (Basili and Weiss, 1984) was followed to apply 

EWQPNet to Softact's website. Using this framework, the "beliefs", which are also 

known as the quality factors, were considered as the goals in this setting. The questions 
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being the qualifiers to the achievement of the goals were as described in Chapter 4 and 
Appendix B. The metrics were set to the three essential levels of positive (i. e. 

agreeing), negative (i. e. opposing) or neutral, indicating a lack of clear evidence 

This approach, according to Fenton and Pfleeger (1997), closely resembles a process 
improvement methodology, especially the one that is `measurements-based'. This 

aligns with the ultimate goals of the thesis in seeking a quantifiable reusable 

methodology for the quality assessment of E-commerce websites. 

8.5 EWQPNet Application 
The website was analyzed by applying the EWQPNet model developed in this thesis. 

The target of identifying the "beliefs" on the intermediate nodes, as explained in 

Chapter 6, was achieved by conducting a score-based, Goal-Question-Metric study on 

the state of the site. The analysis was conducted using a combination of personnel 
investigation and "under the hood, " source code and system inspections. On items 

warranting further elaboration, the Delphi method of investigation was applied in 

conjunction with a walk through of the source code. The results were then plugged into 

EWQPNet to derive the quality level. 

8.6 Results 

The assessment outcome is given in Table 8-1. As stated in Chapter 7, the EWQPNet 

model describes three types of key factors for achieving quality. Based on EWQPNet 

and the analysis framework applied the results were: 

1. A low level of Usability attributes 

2. A high level of Conceptual Reliability 

3. A high level of Representative Reliability 

Therefore, according to the EWQPNet, the results show an "unsatisfactory" quality for 

the website due to usability issues. Figure 8-1 shows the application of the EWQPNet 

on Softact. com. 

103 



Chapter 8 Applying EWQPNet to a live E-commerce Website 

- Table 8-1: Assessment Results from the Model Exercise on Softact. com - 

Nodes Assessment 
Security Positive 
Availability Positive 
Scalability Positive 
Integrity Positive 
Content Adequacy Negative 
Accuracy Positive 
Involved Capacity Neutral 
User-Friendliness Positive 
Navigability Negative 
Reliability Positive 
Efficiency Negative 
Readability Positive 
Standard Conformance Positive 
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- Figure 8-1: Application of the Model on Softact. com - 

8.7 What-if Analysis 

Two factors were identified that influenced Softact. com's quality negatively, these are 

Navigability and Efficiency. Improving both factors to an acceptable status would bring 

the website to a high level of Usability and, therefore, to an acceptable state of quality. 

According to EWQPNet, even a neutral rating of Efficiency augmented with a positive 
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rating on Navigability would be sufficient to clear the low rating of the Usability of the 

website and upgrade Softact. com to quality status. This is shown in Figure 8.2. 
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8.8 Validation 

At the time of conducting the research, Softact. com, a newly-established software 

company, had never carried out a satisfaction survey for their site prior to meeting the 

author. However, their management was very willing and supportive of such an 

initiative. There are a number of ways of evaluating the quality of a Web site, including 

competitive analysis, scenarios, inspection, log analysis, and online questionnaires 

(Cunliffe, 2000). 

The WebQual method was utilized to validate the "belief' established by EWQPNet for 

Softact. com website. The WebQual approach is to use an online questionnaire targeted 

at real users of an E-commerce offering. A survey was devised to validate the "belief' 

105 

- Figure 8-2: Positive influence of Navigability and Efficiency of the Model on Softact. com - 



Chapter 8 Applying EWQPNet to a live E-commerce Website 

derived by EWQPNet for Softact. com website. The survey was designed to particularly 

uncover issues, if any, regarding the navigability and efficiency of the website. 

From the log-in statistics, three groups, totalling 2800 users, were identified and 

targeted for the survey: 

1. Members of the site who had never executed a purchase. (22% of the population 

were of this category) 

2. Members of the site who had only made one purchase. (58% of the population were 

of this category) 

3. Members of the site who made more than one purchase since the site's inception. 

(20% of the population were of this category) 

The survey had a randomized observation set of 20 users. The group was representative 

of the population with the profile given in Table 8-2. 

- Table 8-2: Survey Observation Set - 
Observation Profile Size 
Users who had never executed a purchase 5 
Users who had only made one purchase 11 
Users who made more than one purchase 4 

8.9 Assessment of Survey Results 

The survey conducted by Softact. com consisted of a rating-based questionnaire for a 

participant group of 20 Softact users. The questions were based on the different areas 

the WebQual method used in assessing the website quality. Each question was asked in 

the form of the user's satisfaction perspective on the website. Table 8-3 shows the 

provenance of WebQual 4.0. 

The twenty users were randomly solicited using the user's database. The solicitation 

was dispatched by e-mailing it to the respective customers and it contained a link to an 

on-line page of the Softact. com site. Each question gave the respondents the option to 

answer with a score rating from 1 to 10, where an answer of "10" indicates ultimate 

satisfaction and "1" ultimate dissatisfaction. Each question had an additional space for 
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the respondent to supply comments. Appendix G shows the content of the survey. 

Questionnaires were checked online prior to submission to ensure that valid responses 
had been entered for all questions. 

All 20 of the questionnaires were completed and returned, all responses were received 
between January 2nd and January 25th, 2005. The graph in Figure 8-3 provides the 

responses in aggregate by profile. The survey findings were statistically significant at a 
95% confidence level with confidence interval of six. 

The survey gave a clear indication of a problem area in the tendering process and 

related transaction. The users surveyed had the opportunity to provide their comments 

on the Softact website, in addition to providing their satisfaction assessment. In 

particular, there was clear dissatisfaction with the process to modify the selected items 

for purchase or to change the method of payment. It was "unacceptable" because it 

forced users to recreate and restart the entire tendering process. This directly indicates a 

deficiency in the area of Navigability and Efficiency of the website. 
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Table 8-3: The provenance of WebQual 4.0. From Barnes and Vidgen (2002) 
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- Figure 8-3: Softact's Users Satisfaction Survey Results - 

Softact Aspects 

8.10 Benefit Analysis 

The exercise indicated the focus of any improvement should prioritise the 

re-engineering of the payment process to produce a more friendly and efficient 

interface. This was evident from the assessment outcome of the developed model which 

gave a low rating on the Usability attributes of the site. This low rating was traced 

back to poor performance in the navigability aspects of the site, and this was confirmed 

by the user survey which pointed to the navigation of the tendering process as being 

particularly at fault. 

Despite the negative scoring and evaluations in several areas, the model helped to 

prioritize and focus efforts on usability issues as these were identified as being the most 

critical. 

It must be acknowledged that one possible criticism of the results of this case study is 

that one of the people who helped create the Softact website was also one of the experts 
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used to set up the EWQPNet model. This could mean that the EWQPNet model would 

automatically give the Softact website a more favourable result than may have 

otherwise occurred. However, the Softact expert was only one of the three experts used 
to derive the EWQPNet model which should reduce any bias. This is verified by the fact 

that despite this potential bias, the EWQPNet was still able to find weaknesses in the 

website and the results given by EWQPNet proved to be reliable as the conclusions 

obtained were measured against comparative assessment (WebQual) to validate the 

practical benefits of the work accomplished. 

8.11 Conclusion 

This chapter provided bona fide evidence of the value of the research reported in this 

thesis and the network developed to assess the quality of a website. The network and 
framework facilitated the process of evaluating the quality of the case study website, 

and provided insight into the reasons behind its findings. Furthermore, it gave direction 

and prioritization for remedial work to upgrade the site to give a new higher quality 
level of service. 
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Chapter 9- Applying EWQPNet to a Defunct 

E-commerce Website 

9.1 Introduction 

The application of this thesis is extended to defunct E-commerce websites. This chapter 

demonstrates a variation in the potential uses and values received from the network 

model developed. The intended purpose is to identify reasons that rendered websites in- 

operational and uncover potential reusability from their subparts. 

According to Offutt (2002), customer loyalty is a key factor to sustain business in 

E-commerce. However, RingaDong (2005) failed to establish this. Their site was 

created in 2003 and launched later in December of that year. In May 2005, after 18 

months of operational presence, the owners of the site decided to "turn it off' as it had 

failed to generate enough business and revenue to even sustain its daily operational 

costs. This chapter will aide in uncovering the causes of this failure from a technology 

and implementation-quality point of view. 

9.2 Case at Hand 

Despite RingaDong's effective marketing campaign, attractive site name, and 

competitive price offerings, the site was not producing enough business from registered 

members. 

RingaDong offered for purchase and download ring tones, phone images and screens 

savers, games and phone management software for the mass population of mobile 

phone users, particularly, youth enthusiasts. 

Consumer user behavior statistics, which was auto-collected by the website software, 

was somewhat alarming. For example, during the month of April, 2004 the site's 
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servers received approximately 320,000 external access hits, and in all of these, the 

requested pages were successfully served. However, the site membership only went up 
by approximately 1500, of which only 38 made actual purchases. This means that the 

success ratio for capturing further attention from website users was 1: 213, of which 1: 39 

were motivated to complete a purchase. This achievement was significantly below the 

marketing target and business plan of the company. 

9.3 Basis for Selection 

RingaDong was selected as a case study based on its attributes from both a business 

model and its technical implementation. It is a typical representative of an E-commerce 

website as RingaDong had: 

" An active web site targeting users in order to conduct electronic commerce for 

the purpose of exchanging valued goods for money. 

" The site had implemented and successfully demonstrated the business model that 

was intended by its founders. 

The site met the qualification criteria for case studies as set out in Appendix F. Further, 

the people behind RingaDong expressed a willingness to cooperate and support the 

quality assessment of the website using the developed EWQPNet model. 

9.4 Exercise Methodology 

As in the previous case study at Softact, the Goal-Question-Metric approach (Basili and 

Weiss, 1984) was followed in exercising EWQPNet. Using this framework, the 

"beliefs", which were the quality factors, were the goals in this setting. 

The website was never set up to survey customer satisfaction, and it was not feasible to 

perform such an exercise at the time of this research because the website had been 

unused for over six months. As an alternative, with the support of the site owners, the 

website was loaded on a personal computer stand-alone environment and studied for 

technical suspected causes that had contributed to its unsuccessful fate. 
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With the support of the company's resident Architect, using the observable nodes 

associated with the developed EWQPNet as qualifiers, the site was inspected. 

The panel of three experts who had earlier participated in deriving inter-dependencies 

between quality factors, were invited to a group discussion to assess the potential 

reasons for failure and to identify sub-components of the site that were of sufficient 

quality to enable these aspects be reused. 

In order to alleviate the problem of expert bias, the Delphi technique (Dunham, 1998) 

was used as an effective way of getting group consensus. The Wideband Delphi 

Approach (Boehm and Sullivan, 2000) was used to improve the estimate consensus 

obtained by the Delphi technique. The following steps described the assessment process 

adopted: 

1. The author of this thesis acted as a coordinator for the panel of three independent 

experts and one expert from the company who was the site's original architect. 

2. The coordinator provided an assessment form to each of the participants to 

review the RingaDong website. Appendix H shows the content of the assessment 

form. 

3. The coordinator conducted a group meeting to discuss potential reasons for 

failure of RingaDong website. 

4. Participants completed the assessment forms anonymously and returned it to the 

coordinator. 

5. The coordinator fed back the results of the participants' responses. 

6. The coordinator then conducted another group meeting to discuss variances in 

the participants' responses to achieve a possible consensus. 

7. The coordinator asked participants for re-estimates, again anonymously. 

8. Steps 4-7 were repeated to the point were consensus was reached. This was 

achieved after 3 cycles of steps 4 to 7. 

While conducting the assessment process, the author as a coordinator was able to 

reach the consensus between experts easily because there was a lot of agreement 

from the beginning. 
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The assessment outcome is given in Table 9-1. 

Table 9-1 Assessment Results 

Nodes Assessment 
Security Positive 
Availability Negative 
Scalability Neutral 
Integrity Positive 
Content Adequacy Positive 
Accuracy Positive 
Involved Capacity Negative 
User-Friendliness Positive 
Navigability Positive 
Reliability Positive 
Efficiency Positive 
Readability Positive 
Standard Conformance Positive 

9.5 Application of EWQPNet 

Investigating the site's software quality identified Involved Capacity and Availability as 

major shortcomings. This caused a deficiency in the site Conceptual Reliability as 

shown in Figure 9-1. 

Improving both factors to an acceptable status would bring the website to a high level of 

Conceptual Reliability and, therefore, to an acceptable state of quality. This is shown in 

Figure 9-2. 
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9.6 Validation and Value Benefits 

While it is not possible to comfortably confirm that Conceptual Reliability was the main 

cause of this project's failure, it is, nevertheless, reasonable to deduce that it was a key 

contributing factor. 

In using EWQPNet as an assessment tool, it was found that it can also be used to 

provide insight into the viability levels in extracting re-usable components for the future 

benefit of building new sites. In the case of RingaDong, the assessment showed the 

site's quality in ensuring Accuracy and Security was satisfactory. This is clearly 
important as the items purchased from the site were received immediately through 

downloads or other similar forms of electronic transfer. In these types of websites, 

accuracy and security entails ensuring the right delivery of what was purchased and 

performing it securely to prevent purchase fraud by the customer and disclosure of 

sensitive information about the customer or the customer phone details by the company. 

9.9 Conclusions 

This chapter has demonstrated the practicality of using the developed quality 

assessment model to assess the potential reasons for failure for a non-operational 

website. It also showed that EWQPNet could be used to identify which sub-components 

of the site were of sufficient quality to be reused. 
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Chapter 10 - Using EWQPNet in Constructing a 
New E-commerce Website 

10.1 Introduction 

This chapter exercises the EWQPNet model in a case study of a new E-commerce 

initiative to provide insight on how EWQPNet can be applied to set priorities and 

directions for the development and implementation strategies when realizing and 

materializing an E-commerce website. 

The development of quality software is better assured when the development effort is 

driven by a systematic software development lifecycle and methodology. According to 

Bennatan (2000), having a software development lifecycle improves the reliability of 

completing the efforts of developing the software by fifty percent. Further, having a 

project management approach to software development helps to achieve the timely 

completion of work within half the given budget of human and material resources that 

would otherwise have been used (Ludaise, 2002). 

The people behind Iconopportunities are eager to have a successful implementation of 

their newly developed E-commerce website, www. Iconopportunities. com. To ensure 

this, work under construction is following a software development methodology based 

on software best practices and governed by a project management framework and 

approach. The work effort is managed by a dedicated and experienced project manger. 

The project manager has produced an elaborate project plan, as illustrated in Figure 

10.1, and is making sure the team follows this plan. 

This case study stemmed from a motivation by the company's founders to have, in 

addition to a completed website on time and within budget, successful acceptance of the 

site in the marketplace measured by a high rate of usage and loyalty evident by the rate 

of regular re-use. 
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While the practices of software development methodologies and project management 

are fundamental to assuring successful production of software, this chapter focuses on 

the application of EWQPNet in assuring a quality outcome at the site's launch. By 

producing evidence of the factors that influence the quality of its E-commerce website, 
EWQPNet contributes to the market acceptance and success of the company. This 

chapter illustrates how the developed quality assessment model can be applied to 

E-commerce websites under construction. 

10.2 The Case Study Environment 

Iconopportunities. com is a new, up-and-coming site aimed to provide consumers with 

newly branded services over the Internet for recharging their mobile phone with air-time 

using their credit card. The site works in combination with a banking payment gateway 

to credit card validation and settlements, and with a mobile phone messaging gateway to 

dispense the PIN numbers that would activate the additional purchased air-time access 

on the mobile. 

The site is being built on JavaTm technologies. A software development lifecycle is 

being followed consisting of four prominent stages as follows: 

" The Definition Stage that has an outcome goal of establishing a clear definition 

of the sites proposed consumer capabilities and the underlying non-functional 

criteria and specifications. This stage aims to have all the usage scenarios of the 

website clarified and documented. 

" The Design Stage that produces the overall architectural framework of the 

software behind the E-commerce website and the technology criteria and 

constraints for realizing this software. This stage aims to have all the software 

subsystems and module components that make up the total solution identified 

and defined in term of their objectives and interface specifications. 

" The Development Stage that realizes the system by developing and 

implementing the software according to the design and architectural criteria and 

addressing the system functional requirements defined in the previous stages. In 

this stage, quality control operations in terms of software testing and validation 
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are performed to ensure the completion of the development of the software and 
its readiness for deployment and use. 

9 The Deployment Stage that takes the completed software to its final destination, 

hosting it on the Internet, and integrating it with the third party vendors in 

communications and banking. 

As illustrated in Figure 10-1, the status of the project at the time of the study had 

reached the start of the development stage. 

I Webehe Launch 1137 days Tue 823 OS Wed 31 06 

2 - Define 21 days Tue 82345 Tue 9 20 05 

3 Vision and Scope 1 day Tue 8f23)05 Tue 8123105 

4 Use Case Scenarios 12 days Wed 6/24 D5 Thu 91805 

5 Non-functional Requirements 5 days Fri 919105 Thu 9/15 D5 

6 Analysis and Pattern Indentifications 2 days Fri 9! 16105 Mon 9M 9N5 

7 Finalized Documentation 1 day Tue 9/20105 Tue 9(20 D5 

6 -I Design 25 days Wed 921: 05 Tue 10.25! 05 
il 1 

-1 
9 Technology Selection criteria 0.5 days Wed 9121 /05 Wed 9121105 

10 Technology Selection 0.5 days Wed 9/21105 Wed 9121 /05 

11 Conceptual System Views 10 days Thu 9/42/05 Wed 1015 DS 

12 Logical System Views 5 days Wed 9/21175 Tue 9! 27105 

13 Dynamic Views Scenarios 15 days Wed 928/05 Tue 10/18/05 

14 Physical Deployment Views 2 days Wed 10119105 Thu 10(20/05 

15 Implementation Guidelines 4 days Wed 9(21105 Mon 926 D5 

16 Finalized Documentation 3 days Fri 10/21/05 Tue 10125 05 

17 -' Develop 54 days Fri 10,21.05 Wed 1 4,06 

18 Database setup and schemes 3 days Fri 10/21/05 Tue 10/25/05 

19 Database stored procedures 1S days Wed 10(26! 05 Tue 11115 D5 

20 . Payment Gateway Interface 5 days Fri 10/21/05 Thu 1027175 

21 Presentation Layer 10 days Fri 10121 /05 Thu 11 /3n05 

22 Data fields validations 5 days Fri 1114705 Thu 11/10105 

23 Middle tier Logic engine 4 days Fri 10(28! 05 Wed 118105 

24 Business rules for pricing 3 days Thu 11005 Mon 11 F7 D5 

25 Tendering Process 5 days Tue 11/8/05 Mon 11! 14105 

26 SMS Gateway Implementation 10 days Fri 10/21 /05 Thu 1113105 

27 SMS Communication Protocols 3 days Fri 11! 4105 Tue 1118! 05 

28 Generating a PIN number 5 days Wed 119105 Tue 110155 

29 Dispensing a PIN number 12 days Wed 11 /16105 Thu 1211005 

30 Transactioning Framework 14 days Fri 12/2105 Wed 12! 21! 05 

31 Recording purchase transaction 1 day Thu 12F22fO5 Thu 12/12/05 

32 Registering users 1 day Fri 12(23105 Fri 12123/05 

- Figure 10-1: Iconopportunities com Project Development Plan - 

10.3 The Role of the EWQPNet Model 

As in the previous case studies at Softact and RingaDong, the Goal-Question-Metric 

approach (Basili and Weiss, 1984) was used in exercising EWQPNet. The quality 

factors of EWQPNet were used as a checklist to find evidence of quality factors within 

the website software under construction. 

A panel of three independent experts was invited to a group discussion to assess the 

quality factors within the website software under construction. As in the previous case 
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study at RingaDong, the Delphi technique (Dunham, 1998) was used as an effective 

way of getting group consensus and the Wideband Delphi Approach (Boehm and 
Sullivan, 2000) was used to improve the estimate consensus obtained by the Delphi 

technique. 

At the time of conducting this assessment the following information sources were 

available: 

1. The Web design team had finished identifying the needs and expectations of the 

site's target audience. 
2. Site designers had finished creating profiles of representative target audience 

members and had identified how they would be likely to move through the site, 
from section to section and page to page, in order to achieve their goals. 

3. The site map and user workflows were ready; the designers had finished 

planning how users will interact with each page as they move through page 

sequences to accomplish key tasks. 

4. The designers had finished creating a site-navigation scheme, sketched layouts 

for each page, and had created models of the site -a paper-based prototype, a 

computer-based linear prototype, and a functional prototype. 

A thorough walkthrough of the site architecture, design and the corresponding 

implementation tasks was performed to identify the future state. The following steps 

described the assessment process adopted: 

1. The author of this thesis planned the walkthrough, identifying how it would be 

conducted and what the participants would expect to see and experience along 

the way. 

2. The author then acted as the coordinator for the panel consisting of himself, the 

three independent experts and three developers of the website. 

3. The coordinator provided a checklist form for each of the participants to assess 

the future state of Iconopportunities website. Appendix I shows the content of 

the checklist form. 

4. The coordinator conducted a group meeting to discuss the assessment process of 

the Iconopportunities website. 
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5. The analysis of the checklist was conducted; all factors were considered in 

parallel. A mind mapping technique was used for documentation and to present 

thoughts that may be needed to justify decisions at some stage. 
6. The participants completed the checklist forms anonymously and returned them 

to the coordinator. 

7. The coordinator compiled and then fed back the results of participants' 

responses to the whole group. 
8. The coordinator conducted a group meeting to discuss variances in the 

participants' responses to achieve a possible consensus. 

9. The coordinator asked participants to re-assess the website, again anonymously. 

10. Steps 5 to 9 were repeated until consensus was reached, which in this case took 

3 cycles of steps 5 to 9. 

While conducting the assessment process the author as a coordinator was able to reach 

the consensus between experts easily because there was a lot of agreement from the 

beginning. 

The assessment outcome is given in Table 10-1. 

Table 10-1 Assessment Results 

Nodes Assessment 
Security Positive 
Availability Neutral 
Scalability Neutral 

Integrity Positive 
Content Adequacy Positive 
Accuracy Neutral 
Involved Capacity Neutral 
User-Friendliness Negative 

Navigability Negative 
Reliability Positive 
Efficiency Positive 

Readability Negative 

Standard Conformance Positive 
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Once that review was completed, a forward forecasting was carried out using EWQPNet 

to assess the probability that the underlying website software will be of high quality. 

According to EWQPNet, the results show an "unsatisfactory" quality for the website 
due to Usability and Representative Reliability issues. This is high-lighted in Figure 
10.2. 
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- Figure 10-2: Model Forecasting on Iconopportunities com - 

10.4 Impact Analysis 

Three factors were identified that influenced Iconopportunities. com's quality 

negatively, these are User-Friendliness, Navigability and Readability. Improving the 

three factors to an acceptable status would bring the website to a high level of Usability 

and Representative Reliability, and therefore, to an acceptable state of quality. This is 

shown in Figure 10-3. 
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Illugin Researcher 6.1 

File Edit View Network Table Options Windows Wizards Help 
1%1 1 ?1 

-A 

I81: ý s"n: 
_ 

ýJ E maK E maK 
Ný 

0 UserFriendliness J 
100.00 

-0 

-0 UserFriendliness J 
100.00 + 

0 

-'. Navigability 
100.00 + 

o 

*" 
- 

Efficiency 
Accuracy 

Security 

i+ Functionality Availability 

if Trustworthiness 
I* InvolvCap InvolvCap 

Trustworthiness 
Reliability 

f+, Accuracy 

C*' StandardConform 
L-_? Readability 

Functi onality - Integrity 

-0 Navigability Conceptual 
0 -+ 

+i . Reliability 0.00 0 Scalability ContentAdequacy 
Availability 0.00 - UserFriendliness 

It Scalability Readability 

It Security 0.00 0 + 
i= " Representative 0.00 - 

0.00 0 
O. OD - 99.50 Yes Maintainability StandardConform 

0.50 No 
it, 40 Conceptual 
I=i 40 Useability 

Efficienc Representative 
94.42 Yes y 

Useability Yes 
5.58 No Yes Quality 0.50 No 

1-, 40 Quality I 5.58 No i6 Yes 
84.56 Yes   15.44 Perhaps 

p 15.44 Perhaps 2.79e-03 No 
ý - 7 7qe-n"I No 

J J -P 

ýº ! 

- Figure 10-3: Model Forecasting with positive remedies - 

10.5 Validation 

A cognitive walkthrough was conducted to validate the "belief' established by 

EWQPNet for the website. According to Rubin (1994) a cognitive walkthrough is an 

inspection method that focuses on evaluating a design for ease of learning, particularly 

by exploration. The walkthrough was conducted particularly to uncover issues, if any, 

regarding Navigability, User-Friendliness and Readability of the website. 

The researcher selected six experts who did not use EWQPNet for the cognitive 

walkthrough to ensure the independency of the validation of the EWQPNet. Three of 

them were from the development team at Iconopportunities and the other three were the 

independent experts who had earlier participated in deriving inter-dependencies 

between quality factors. The evaluation was conducted from two different perspectives: 

1. In the first perspective the evaluators judged the web site as users. 
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2. In the second perspective the evaluators judged the website as experts, not as 

users. 

The following steps described the evaluation process adopted: 

1. Identifying the type of user the evaluator will view the system as (the level of 

experience or knowledge the user is expected to have). 

2. The second step of the evaluation process is to actually walkthrough the website 

evaluating the fully functional prototype. 

3. The evaluators were asked individually to give feedback on the flow of the 

processes, the overall look and feel, layout and navigation, terminology used, 

and colors and graphics. 

4. After completing the evaluation process, the evaluators were asked to answer a 

short questionnaire to rate how satisfactory they found the website and to give 

their recommendations for future action. 

10.6 Assessment of Evaluation Results 

All of the six evaluators completed their evaluation and returned the questionnaire along 

with their recommendation for future action. The survey conducted on 

Iconopportunities. com consisted of a rating-based questionnaire. The questions where 

selected based on the different areas EWQPNet focuses on when assessing the website 

quality. Each question was asked in a form that would gather the evaluator satisfaction 

perspective on the website. Each question gave the respondents the option to answer 

with a score rating from 1 to 10, where an answer of "10" indicates ultimate satisfaction 

and "1" indicates ultimate dissatisfaction. Each question had space for supplying 

comments. Appendix I shows the content of the questionnaire. The graph below 

provides the responses in aggregate by profile. 
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- Figure 10-4: Iconopportunities Evaluators Satisfaction Survey Results - 

The evaluation gave a clear indication of problems in the following: 

1. Initial view/design of the Icon opportunities' website. The Iconopportunities 

developers had missed the importance of using colours, particularly when it 

comes to locating information. This directly indicates a deficiency in the area of 

Navigability and User-Friendliness of the website. 

2. The readability of the Icon opportunities' website. The Iconopportunities 

developers missed language correctness. This directly indicates a deficiency in 

the area of the readability of the website. 

3. The way in which a site is presented and how users find their way around. 

The Iconopportunities developers often place content in a less than optimal 

position in terms of its importance to the user. This directly indicates a 

deficiency in the area of navigability which is detrimental to the success of a 

site and its trustworthiness as it leads to user frustration. 
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4. Account creation and registration. The users are prevented from continuing 
the purchase process until they have created an account. This directly indicates 

a deficiency in the area of User-Friendliness. 

10.7 Benefit Analysis 

The exercise indicated the focus of any improvement to the Iconopportunities' website 

should prioritise the re-engineering of the initial view/ design, the readability, the way 

in which a site is presented and how users find their way around, and account creation 

and registration. This was evident from the . assessment outcome of the EWQPNet which 

gave 'a low rating on the Usability and Representative Reliability attributes of the site. 

This low rating was traced back to poor performance in the Readability, Navigability 

and User-Friendliness aspects of the site. This therefore was confirmed by the 

identification of fault areas by the evaluator survey. 

Though the negative scoring and evaluations in several areas, EWQPNet helped to 

prioritize and focus efforts on usability and representative reliability issues as these 

were identified as being the most critical. 

10.8 Remedies and Impact 

The EWQPNet provides an aid in identifying what needed to be done to accomplish 

Iconopportunities' E-commerce website. If the development of the site can yield a 

positive assessment on the Navigability, User-Friendliness and Readability, then 

EWQPNet will yield much better results with a "YES" probability of high quality 

(84.56%). Also, EWQPNet provides an aid to the developers as: 

1. It gives ratings and prioritized rankings of features that can be used to determine 

development priorities before coding begins. 

2. After running the model, the features which were under serious consideration 

and were given high priority by developers are ranked near the bottom of the 

priority list, that is why these (features) should not be taken into consideration to 

save time and effort. 
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10.9 Conclusions 
This chapter has demonstrated the practical effectiveness of using the EWQPNet and 

the framework developed in this thesis to provide guiding insight that can influence the 

work decisions and priorities when building an E-commerce website to help ensure that 

a high quality website is achieved. The Iconopportunities company has now accepted 

the findings of this analysis and, at the time of writing this thesis, are making the 

suggested changes to improve the website so that it may achieve the high quality the 

company needs for its success. The ultimate test for the usefulness of EWQPNet would 

be to show how 
, 
the company achieves business success through the use of the improved 

website. However, time does not permit such a long term study in the constraints of this 

PhD research project. Nevertheless, the fact that a company has been able to use the 

EWQPNet model, and believe they are strengthening their chances of success by doing 

so, can only be considered a positive endorsement of this research. 
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Chapter 11 - Conclusion and Recommendations 

for Further Work 

11.1 Introduction 

This chapter reviews the aim and objectives of the thesis in the context of what was 

achieved. It also explores the next steps and further work and modifications that could 

be carried out in subsequent research projects. 

11.2 Reflection on the Foundation 

E-commerce websites are becoming increasingly complex systems and the availability 

of tools to aid and secure the production of a quality website that secures customer 

satisfaction and retention will, therefore, provide solace and efficiency to the website 

owner and sponsor. 

The complexity of E-commerce websites is caused by the large amount of intervening 

attributes and by the complex logic relationships among the quality attributes. The 

research effort commenced in identifying and refining the top quality and key relevant 

attributes to be evaluated and objectively measured in order to produce a comprehensive 

assessment and judgment of existing websites, and foresight and insight into ones under 

construction. Once the work was compiled and refined it was modeled into a Bayesian 

Belief Network so that it could be re-used consistently for assessment and evaluation. 

11.3 Restatement of Aims and Objectives 

The aim of this research was to provide a framework for assessing the quality attributes 

of an E-commerce website and their interrelations, and also to provide an engine that 

automates quantification of E-commerce website quality levels. 

In order to achieve this, the following activities were performed: 
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A. A study on the published literature and case studies on the subject was 

conducted. The gaps were identified to assess how this research would relate 

and contribute to existing knowledge and have the highest possible impact. 

B. The different available methodologies to conduct the reach effort were analyzed 

to determine the best approach to apply with the right mix of the methodologies. 

The chosen approaches were as follow: 

0 The Interpretivist approach was followed to conduct the research. 

Interpretive research is more effective for this type of research since it 

produces an understanding of the context of the information system and 

the process whereby the information system influences and is influenced 

by its context. 

" Kuutti's (1991) principles of Activity Theory were used to study the 

quality factors that contribute to assessing the overall quality of an 

underlying website. Interpretation can be aided by choosing one or 

several social theories in order to understand the relationships between 

work, people and technology. In addition, the use of technology as an 

aspect in such theory is important for the subject of study. 

" The research was conducted using the five-step approach of Wohlin et al. 

(2000) as it was considered to be suitable for the study of software. 

" The Delphi technique effectively elicited information and judgments 

from participants to facilitate problem-solving, planning, and decision- 

making. It does so without physically bringing together the contributors 

so it avoids the problems of personality conflict that can lead to poor 

group decision making. 

9 The Goal-Question-Metric approach (Basili and Weiss, 1984) was 

followed to apply the developed EWQPNet. This approach, according to 

Fenton and Pfleeger (1997) closely resembles a process improvement 

methodology, especially one that is measurements-based. This aligns 

with the ultimate goals of the thesis in seeking a quantifiable reusable 

methodology for the quality assessment of E-commerce websites in the 

spirit of their betterment. 
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C. The selection, refinement and categorization of top rating quality attributes were 

carried out and the relationships among these attributes were determined. 

In conducting the study to establish the domain final model, the research 

involved the solicitation and compilation of eighty-four quality factors from 

previously published research. This set was analyzed and qualified by 

conducting a comprehensive questionnaire administered to a representative 

sample set of twelve qualified E-commerce users. A statistical rating scheme 

based on frequency of rate was used to rate the most important relations among 

factors. Statistical correlation was used in analyzing the data obtained from the 

responses to the questionnaire to establish initial inter-factors relations. The 

validation of this possibility was exercised by using a panel of experts to analyze 

the results of the correlation analysis to draw conclusions about which viable 

inter-dependencies to include in the assessment model. 

D. A probabilistic model based on Bayesian theory was applied to create the 

model. Bayesian probability uses probability theory to manage uncertainty by 

explicitly representing the conditional dependencies between the different 

knowledge components. It offers a language and calculus for reasoning about the 

beliefs in the presence of uncertainty. 

E. The Hugin Expert A/S (Hugin, 2006) was employed to program the Bayesian 

Belief Network model. The Hugin Expert A/S provides a comprehensive and 

flexible interface to model Bayesian Belief Networks. 

F. Case studies were employed to show how the model can be conveniently and 

effectively used. The utility of the work and framework described in this thesis 

is applied to three cases. Case studies are a fairly intensive examination of what 

has happened in a single bounded context. This helps to explore, unravel and 

validate problems, issues and relationships in a particular situation. 

G. The Goal-Question-Metric approach (Basili and Weiss, 1984) was followed to 

apply EWQPNet to three case studies. The analysis was conducted using a 

combination of personnel investigation and " under the hood, " source code and 
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system inspections. The results were then plugged into EWQPNet to derive the 

quality level. The conclusions were measured against comparative assessments 

to validate the practical benefits of the work accomplished. 

11.4 Realization 

The overall conclusion is that the research has been successful in satisfying its aims and 

objectives and that the working framework produced should be useful for any company 

to use in evaluating the qualities of an E-commerce website. 

It was shown in this thesis that a Bayesian Belief Network (BBN), which is a network- 

based technique for representing and analyzing models involving uncertainty, is an 

appropriate and applicable tool for the modelling and representation of E-commerce 

quality relationships. This technique enables the software engineering/web development 

community to produce solutions with more confidence, overcoming one of their biggest 

problems, the challenge of making good decisions using data that is usually scarce and 

incomplete. By modeling uncertainties, certain structural and behavioral aspects of the 

target system become more visible and understandable, thereby enabling future 

development steps to be carried out more efficiently and effectively. 

This thesis has shown that it is a reliable utility to apply as an assessment tool for the 

E-commerce qualities of a website and the root-causes of any quality problems. 

11.5 Moving Forward 

The effort undertaken on this specific topic of E-commerce website quality assessment 

and in software quality in general, is minute in comparison with the sea of research 

opportunity and exploration this subject warrants. 

In general, the output of EWQPNet is quite accurate, given the limited input provided in 

the case studies. This suggests that extending EWQPNet may allow for even more 

accurate output. The sometimes rather obvious nature of the conclusions of EWQPNet 

is a result of the fact that the current version of EWQPNet is relatively simple. It has, 

131 



Chapter 11 Conclusion and Recommendations for Future Work 

nevertheless, been proved that the underlying principles behind EWQPNet are 

successful in providing a new and useful tool for website development. EWQPNet can 

be extended in the future to allow for more detailed analysis and guidance for website 

development. 

Although case studies show that this is a promising technique, a larger, preferably 

industrial, case study is needed to validate EWQPNet. Case studies could be carried out 

over long periods of time so that a quality prediction could be made during a website 

development and an assessment subsequently made after it has been in active service for 

a while so that predicted success can be compared with actual success. Another 

extension to the case studies would be to apply the EWQPNet model to case studies 

outside the Middle East area. This would help identify if there are any cultural effects 

that would affect the applicability of the model. 

The goal should be to provide a model with even lower level of subjectivity. This can be 

achieved by finding ways of analyzing E-commerce websites' characteristics in such a 

way that the user does not need to provide estimates but precise answers of a predefined 

nature. Furthermore, the nodes that correspond to the E-commerce websites 

characteristics can be further analysed into one or two levels. This is a way to improve 

the model's accuracy even further. 

11.6 Related Work 

Important work in the field of BBNs is that of Judea Perl (Judea, 1988). In this book the 

concept of belief networks is introduced and algorithms to perform calculations on 

BBNs are presented. Other important work in this area includes that of Drudzel and Van 

der Gaag (1995) where methodology for quantification of a BBN is discussed. 

This research is not the first to apply belief networks to software engineering. For 

example: Neil and Fenton (1996) used BBNs to assess system dependability and other 

quality attributes. Unlike this research, their work focuses on dependability and safety 

aspects of software systems. Stefani et al. (2003) used BBNs to assess the quality of 

E-commerce systems based on the ISO 9126 quality standard (ISO, 2001). Unlike this 

research, their work focuses on functionality, usability, reliability and efficiency aspects 
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of E-commerce systems. Specifically, it relies on the set of those quality characteristics 
and sub-characteri sties that. are directly related to quality as perceived by the end-users 
while the model created in this research includes additional quality characteristics that 
are directly related to quality as perceived by the end-users and developers. 

The qualitative network created in this research could be perceived as a complex quality 
requirement framework similar to the one presented by Stefani et al. (2003). In addition 
to the fact that EWQPNet is more complex, there are some structural differences 

compared to Stefani et al. 's (2003) model. Similar to EWQPNet, abstract attributes are 
decomposed into less abstract attributes, but Stefani et al. 's model is far simpler: it is 

only a hierarchical model that has connection between levels. In addition, there are no 
connections within the same level. Although Stefani et al. 's model is not as advanced as 
the model created in this research, the fact that their general approach, which was 
published well after this research had started, takes a similar direction is a verification 
of the research concept developed in this thesis. 

11.7 Conclusion 

This thesis has presented a technique for assessing the quality of an E-commerce 

website called EWQPNet. The assessment can be carried out before the completion of 

the website development, thus, providing insight on the likely outcome and a direction 

for corrections and improvements. It can also be carried out on completion and during 

the website operation, providing analysis of areas for improvement and support for the 

decision making regarding the next development steps appropriate for the website. Case 

studies were selected to demonstrate this and to justify its validity. 

It is recommended to view the developed EWQPNet model as a base, a "Version 1.0" to 

be enhanced and expanded with added granularity that yields better accuracy in 

detailing the quality state of any assessed E-commerce website. Despite the small size 

of EWQPNet, the author was able to get meaningful output for the tested cases from 

EWQPNet. There was a little deviation from alternative, independent assessment during 

the case studies, but this could be explained by either examining the network more 

closely or by pointing out that there was a subtle difference in reviewer opinion when 

evaluating a certain E-commerce website. 
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The overall conclusion is that the research has been successful in satisfying its aims and 

objectives and that the working framework produced should be useful for any company 

to use in evaluating the qualities of E-commerce website. The results obtained gave a 

good indication of the usability of EWQPNet for assessing the quality of the 

E-commerce website. 

The final objective of this thesis was to disseminate the findings through published 

papers and the publication of this thesis. Two papers have been published at the time of 

writing this thesis titled, "E-Commerce Websites Quality Factors and Their 

Interrelations" (Rababah et al., 2006a) and "Quality Assessment of E-Commerce 

Websites Using Bayesian Belief Networks" (Rababah et al., 2006b). Both papers were 

presented at the International Conference on Multidisciplinary Information Sciences and 

Technologies, InSciT 2006. After the publishing of the two research papers in the 

proceedings of InSciT 2006, the author received various positive responses from 

professionals from universities around the world. The following are two responses 

received: 
"I find your two papers published in the proceeding of InSciT 2006 very 

interesting, and I would like to introduce them to our students here in 

Singapore" 

Chang Yun-Ke of Nanyang Technological University, Singapore. 

"I have come across InSciT 2006 in the proceedings, and I found that your 

work. It's so impressive and I would prefer to share your information's within 

my university and in my Incubation center for the consultancy in Istanbul 

www. kosgeb. 
, ov. tr with your permission" 

Dr. Mathew of Fatih University- Istanbul. 

These comments represent the final endorsement of the usefulness and applicability of 

this research. 
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Appendix A- Qualifying for the Quality Factors 
Questionnaire 

A. 1 Introduction 

To qualify for the Quality Factors Questionnaire, each person was required to obtain a 

score based on answering the questions stated below. The process was continued until a 

set of seven was obtained from Representative Consumer's group and six from the 
Expert Specialist group. 

A score of 20 or above was used as the qualification to be considered as an expert (A 

score of 20 was chosen for convenience to get a range of experience of building 

websites with several different companies). Each question gave the respondents the 

option to select one answer from multiple answers. Each answer was assigned a score 
from 0 to 7 depending on the question. The basis for weightings each score was based 

on consulting experts. Its worth saying that this selection is subjective and may differ 

from one expert to another. 

A. 2 Representative Consumers Criteria 

1- How often do you visit an E-commerce website? 

A. At least once daily (score 7) 

B. At least once weekly (score 6) 

C. At least once monthly (score 3) 

D. Never did (score 0) 

2- When was the last time you purchased an item only? 

A. Today (score 7) 

B. This week (score 6) 

C. This month (score 4) 

D. This year (score 3) 

E. Last year (score 1) 

F. Never did (score 0) 
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3- If you buy online, how many E-commerce websites do you use? 
A. More than 5 (score 7) 

B. Between 2 to 5 (score 5) 

C. Only 1 (score 3) 

D. N/A (score 0) 

4- How many times have you purchased items online last year? 
A. More than 20 (score 7) 

B. 10 to 20 (score 6) 

C. 5 to 10 (score 5) 

D. Less than 5 (score 3) 

E. N/A (score 0) 

A. 3 Expert Specialist Criteria 

1- How many E-commerce websites have you been part of establishing? 

A. Over 5 (score 7) 

B. 3 to 5 (score 5) 

C. 1 to 2 (score 3) 

D. Never did (score 0) 

2- What role did you play as part of your last E-commerce website? 

A. Customer (score 1) 

B. Project Manager (score 3) 

C. Technical Architect (score 7) 

D. Business Analyst (score 5) 

E. Software Engineer (score 3) 

F. Quality Engineer (score 3) 

G. Not part (score 0) 

3- When was the last E-commerce website you were part of establishing? 

A. Over a year (score 3) 

B. Last month (score 5) 
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C. Currently involved (score 7) 

D. Not part (score 0) 

0 

4- What is the highest hit rate your best E-commerce website has achieved? 
A. Over 10,000 per week (score 7) 

B. 5,000 to 10,000 per week (score 5) 

C. 1,000 to 5,000 per week (score 3) 

D. Less than 1,000 per week (score 2) 

E. Less than 100 per week (score 0) 

5- What is the highest number of different types of pages your most website generates? 

A. Over 30 per week (score 7) 

B. 20 - 30 (score 5) 

C. 10 -20 (score 3) 

D. 5- 10 (score 2) 

E. Less than 5 (score 1) 

F. None (score 0) 
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Appendix B- Quality Factors Questionnaire 

Dear Respondent, 

Thank you for your time and effort in filling out this questionnaire. By providing us 

with your input and insight to the questions below, you are taking part of a research 

study at Loughborough University - UK that examines and identifies Quality Attributes 

of an E-commerce website and analyzes the inter-dependencies among them. You have 

been selected to take part of this questionnaire based on your knowledge and experience 

with E-commerce websites. The questions seek to rate factors impacting quality 

attributes for E-commerce website. 

All questions are meant to be answered on the basis of "Comparative Ratings" 

approach. Each question provides a list of options (also known as factors) for a quality 

element to a website. Our goal is to find out how these rated factors influence the 

probability of related quality factor under study. What is required is rating the options in 

terms of perceived importance to element under study. A rating of "1" applied on a 

factor indicates that this factor is the most influence within the set. "2" is applied to the 

second most important, and so on. 

B. 1 Questioning E-commerce website's Usability 

Usability entails the quality objective that refers to the characteristics that allow use of 

the E-commerce site in the most diverse situations. 

Please rate the following factors in their influence in affecting the usability of an 

E-commerce solution 

1. Efficiency (The timeliness of which the website responds to the user) 

Factors Ratings 

Time behavior 

How far does "timing" factor in terms of processing and response to the 
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Factors Ratings 

user influences Efficiency? 

Purchase process performance 
How the timeliness in processing a purchase affects Efficiency? 

Page generation speed 

How the length in time to dynamically generated page to the user affects 
Efficiency? 

2. User-Friendliness (The user interface capabilities to which the website provide a 

supportive experience to the user) 

Factors Ratings 

Understandability 

How important is ease-of-understanding content and direction impacts 

User-Friendliness of the website? 

Products information availability 
How important is having detailed information about the products under 

sale on the User-Friendliness of the website? 

Interactivity 

How important is having a highly responsiveness user interface to the 

user action influences the User-Friendliness of the website? 

Learn-ability 

How important is having the abilities to remember user actions and data 

entered for re-use by the user influences the User-Friendliness of the 

website? 

Localizability 

How important is having the abilities to adapt to language locales and 

localizations influence the User-Friendliness of the website? 

Response time uniformity 

How important is the consistency of system performance between 

different pages and actions impacting the user expectations and 

influencing the User-Friendliness of the website? 

Forms of payment availability 
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Factors Ratings 
How important is having forms of payments available online to 

complete the tender process impacts the User-Friendliness of the 

website? 

Storage of purchase list 

How important is having the ability to store purchase lists for users 

affects the User-Friendliness of the website? 

Help availability 

How important is having online help facilities in impacting the User- 

Friendliness of the website? 

Products Comparison 

How important is having the ability to compare the attributes of similar 

products for purchase side-by-side in the User-Friendliness of the 

website? 

"Shopping cart" metaphor 

How important is having the popular "shopping cart" metaphor and 
"checkout" facilities on the User-Friendliness of the website? 

Print Facilities 

How important is having the ability to display pages in printable format 

for printing impact the User-Friendliness of the website? 

Download Facilities 

How important is having the ability to download catalogs and product 

information brochures impact the User-Friendliness of the website? 

3. Navigability (The browsing extensibility which the website's software allows) 

Factors Rating 

Absence of navigation errors 

How important is the elimination of any navigational errors to 

Navigability of the website? 

Minimal path & Shortcut facility 

How important is driving for implementing the minimum path possible 

to reach a functionally and providing shortcuts when needed impact the 
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Factors Rating 
Navigability of the website? 

Drawback 

How important is having the ability to back out from a navigational 
decision and interrupt a process selection on the level of Navigability of 

the website? 

Navigation structure taxonomy 

How important is the navigation facilities layout, organization and 

structure has on the level of Navigability of the website 

Links visibility 

How important is the visual presentation and layout of links on the level 

of Navigability of the website? 

Links visualization consistence 

How the consistency of these links impacts the level of Navigability of 

the website? 

Alternative paths 
How important is to provide multiple navigational options to the same 

destination impacts the level of Navigability of the website? 

Navigational prediction 

How important is the predictability of each action while navigating the 

E-commerce website? 

User level adaptability 
How important is having navigational options change to the change in 

the user type and class impact the level of Navigability of the website 

Interaction storage capacity 

How important is having the ability to remember and retrace the user's 

sequence of navigational actions on the Navigability of the website? 

Mobile devices accessibility 

How important is having the accessibility from mobile devices such as 

cellular phones to the website influences the level of Navigability of the 

website? L- 
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4. Maintainability (The reduced efforts to which the website's software requires for its 

upkeep, enhancing its ability to be kept up to date and usable) 

Factors Ratings 

Stability 

How important is the stability in the functionalities of the website 
influences the level of Maintainability? 

Testability 

How important is the capability of the website system to put itself into 

various test oracles? 

Analyzability 

How important is the ease of analyzability of the website in terms of 

functionality and implementation impacts the level of Maintainability 

of the website? 

Changeability 

How important is the ease of making structural and component-based 

changes impacts to the level of Maintainability of the website? 

5. Involvement Capacities (The measure of which the website can adapt to and attract 

each user's individuality) 

Factors Ratings 

Attractiveness 

How important is the attractiveness of the website in capturing the 

involvement levels of users? 

Aesthetic attributes 

How important is conforming to accepted notions of good taste and 

style impacts the involvement levels of users? 

Client profile identification 

How important is identifying with the user's profile and adapting the 

layout and structure of the website to the user preferences impacts the 

involvement levels of users? 

Simulation 
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Factors Ratings 
How important is providing simulation of functionalities in maximize 
the user's involvement? 

Additional services availability 
How important is providing "extras" in terms of services draws on 
higher level of users involvement? 

B. 2 Questioning E-commerce website's Conceptual Reliability 

Conceptual reliability is concerned with the E-commerce site's capacity to implement, 

satisfactorily, what was specified and designed. 

Please rate the following factors in their influence in affecting the Conceptual reliability 

of an E-commerce solution. 

1. Functionality (The extend of the operational aspects of the website software and its 

fitness of use) 

Factors Rating 

Accuracy 

How important is the accuracy of data content and computations in 

assessing the level of Functionality of the E-commerce website? 

Client support 

How important is having client support provided with the system 

impacts the level of Functionality of the E-commerce website? 

Information on product delivery 

How important is providing additional information on the products 

status of delivery impacts the level of Functionality of the E-commerce 

website? 

Suitability 

How important is the suitability of the site to the users conditions in 

terms of the user's background, culture and aspiration in impacting the 

level of Functionality of the E-commerce website? 
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Factors Rating 

Flexibility 

How important is having flexibility when undergoing user operations 
impacts the level of Functionality of the E-commerce website? 
Interoperability 

How important is the level of interoperability the website software has 
in interfacing with other business-level systems impacts the level of 
Functionality of the E-commerce website? 

2. Security (The extend of safety assured when using the website) 

Factors Rating 

Payment systems security 
How important is the security of the payment system has in assessing 

the overall security of the E-commerce website? 

Vulnerability 

How important is the vulnerability of the website is to attacks from 

intruders' impacts the overall security assessment of the E-commerce 

website? 

Site authentication 
How important having to authenticate users to access the website on 

the overall security assessment of the E-commerce website? 

Access control (authorization) 

How important having different levels of access controls to the 

websites services in assessing the overall security of the website? 

Confidentiality 

How important is securing confidential information through tools such 

as encryptions impacts the overall security assessment of the 

E-commerce website? 

Privacy 

How important is securing and protecting access to users' private 

information impacts the overall security assessment of the E-commerce 

website? 
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3. Reliability (The extend of which the website's software can sustain against 
irregularities) 

Factors Ratings 

Recoverability 

How important having the ability to recover for data entry or operational 

error and the continuity of the system impacts the reliability of the 

E-commerce website? 

Maturity 

How important the level of maturity and development cycle the underlying 

website software underwent on the level of reliability of the E-commerce 

website? 

Fault tolerance 

How important is resilience to faults the underlying website software has on 

the level of reliability of the E-commerce website? 

4. Integrity (The reliability, consistency and correctness of stored data) 

Factors Ratings 

Data Integrity 

How important the level of integrity of the data on the overall integrity of 

the E-commerce website? 

Data entry signalizing 

How important the validation and consistency control applied on data 

entered impact the overall integrity of the E-commerce website? 

Robustness 

How important having the output and operation inventiveness to mal- 

practices in inputs and user directions impact the overall integrity of the 

E-commerce website? 

Audit trail 

How important having an audit trail tracing the operations and transactions 

of the system in impacting the overall integrity of the E-commerce website? 
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5. Trustworthiness (The extend to which the website behaves consistently and 

reliability to build trusting relation with the user) 

Factors Ratings 

Correctness 

How important is the correctness in responses to user actions impact the 
level trustworthiness in E-commerce websites? 

Completeness 

How important is it to have complete information in the E-commerce 

solution impact the level trustworthiness in E-commerce websites? 

Necessity 

How important assessing the necessity of content impact the level 

trustworthiness in E-commerce websites? 

6. Content Adequacy (The extend to which the information presented is contextually 

applicable to the user) 

Factors Ratings 

Updated content 
How important the frequency in updating content impacts the levels of 

Content Adequacy in the E-commerce website? 

Correctness 

How important is correctness of information and content impacts the levels 

of Content Adequacy in the E-commerce website? 

Intelligibility 

How important is incorporating intelligence in the website application 

impacts the levels of Content Adequacy in the E-commerce website? 

User oriented 

How important is making the website application sensitively oriented to the 

users and their attributes impacts the levels of Content Adequacy in the 

E-commerce website? 

Respectability 

How important framing the content in respectable languages and dialects 
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impacts the levels of Content Adequacy in the E-commerce website? 

Concise content 
How important having the content concise on the subject matter impacts the 
levels of Content Adequacy in the E-commerce website? 

Completeness 

How important having the content complete with the necessary 

requirements about the products and purchases impacts the levels of 
Content Adequacy in the E-commerce website? 

Compatibility with real store 
How important having the content resembles "real store" experience 

impacts the levels of Content Adequacy in the E-commerce website? 

7. Scalability (The website readiness to meet rising demands in users and usage) 

Factors Ratings 

Multiprocessor handling 

How important is having the system scale with processing additions to 

the hosting server impacts the level of scalability in the E-commerce 

website? 

Farming capabilities 

How important is having the extend with multiple machines impacts the 

level of scalability in the E-commerce website? 

8. Availability (The website extend of accessibility to users through different browsers 

in differing times) 

Factors Ratings 

24/7/365 

How important having the system available round the clock in a 24 by 7 

mode impacts the level of availability the E-commerce website has? 

Partial Availability 

How important having partial availability an option impacts the level of 

availability the E-commerce website has? 
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Factors Ratings 

Browser version compatibility 

How important is ensuring the website software compatibility with 
different version of the same web browser software impacts he level of 

availability the E-commerce website has? 

Cross-browser Support 

How important is ensuring the website software compatibility with 
different brands and types of web browser software impacts the level of 

availability the E-commerce website has? 

B. 3 Questioning E-commerce website's Representation Reliability 

Representative reliability refers to the E-commerce site's representation characteristics 

that affect its understanding and manipulation along its lifecycle. 

Please rate the following factors in their influence in affecting the Conceptual reliability 

of an E-commerce solution. 

1. Readability (The appropriate application of the written language within the website) 

Factors Ratings 

Language correctness 
How important is the correctness in language influences the readability 

levels of the E-cornmerce website? 

Style uniformity 

How important is the uniformity in language and writing styles 

influences the readability levels of the E-commerce website. 

Clarity 

How important is the clarity in the messages conveyed influences the 

readability levels of the E-commerce website? 

Conciseness 

How important how concise the writings in the website's content 

influences the readability levels of the E-commerce website? 
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Factors Ratings 

Terminology uniformity 

How important is the uniformity and consistency in use of terminology 
influences the readability levels of the E-commerce website? 

Abstraction uniformity 

How important is the uniformity in abstraction of concepts influences 

the readability levels of the E-commerce website? 

2. Standards Conformance (The extend of consistency applied within the user 

interface of the website) 

Factors Ratings 

Interface standards 

How important is standardizing the interface influences the conformance to 

standards assessment of the E-commerce website? 

Programming standards 
How important is standardizing the programming and code style influences 

the conformance to standards assessment of the E-commerce website? 

Navigation standards 
How important is standardizing the navigational menu and mechanism 

influences the conformance to standards assessment of the E-commerce 

website? 

3. Ease of Manipulate (The extend of help provided to operate the website and the 

software underneath it) 

Factors Ratings 

Up-to-date 

How important is having the underlying website software up to date with 

tools and technologies influences how easy is to manipulate and update the 

E-commerce website? 

Ability to trace 

How important is having abilities in the underlying website software to 

trace operations influences how easy is to manipulate and update the E- 
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Factors Ratings 

commerce website? 

Documentation availability 
How important is having documentation on the underlying website software 

implementation influences how easy is to manipulate and update the E- 

commerce website? 

Structure 

How important is having the underlying website software implementation 

adhering to a well defined structure influences how easy is to manipulate 

and update the E-commerce website? 

Thank you for your participation and responses 

150 



Appendix C Quality Response Results 

Appendix C- Quality Response Results 

C. 1 Introduction 

The questions in the questionnaire were meant to be answered on the basis of 
"Comparative Ratings" methodology. Each Quality Factor was treated as a "fact" 

having a list of factors that attributes to its probability of being true. The survey sought 

to rate these factors in order of importance, where 1 meant the most important 

contributor to the validity of the fact, 2 is the second most important and so on. 

For example, a question in the questionnaire sought to analyze the contributing factors 

that impact the Efficiency of an E-commerce web site. The list is given in Table C-1 

- Table C-1: Factors that impact the Efficiency of an E-commerce web site - 

Factors Ratings 

Time behavior 

How far does "timing" factor in terms of processing and response to 

the user influences Efficiency 

Purchase process performance 
How the timeliness in processing a purchase affects Efficiency 

Page generation speed 

How the length in time to dynamically generated page to the user 

affects Efficiency 

According to their importance in the opinion of the qualified interviewee, a rating was 

given, as in the example in Table C-2, rating "Time behavior" as the most important 

contributor and "Page generation speed" the least. 

- Table C-2: Example ratings - 

Factors Ratings 

Time behavior 1 
How far does "timing" factor in terms of processing and response to 
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Factors Ratings 

the user influences Efficiency 

Purchase process performance 
How the timeliness in processing a purchase affects Efficiency 

2 

Page generation speed 
How the length in time to dynamically generated page to the user 3 

affects Efficiency 

The responses were compiled and rated in the Table C-3. 

- Table C-3: Full list of ratings of all respondents - 

s 
Q F Title Al A2 A3 A4 AS A6 A7 A8 A9 A10 All A12 M N Rnk 

1 0 0 Usability 

i 1 0 Efficiency 

1 1 1 Time Behavior 1 1 2 1 2 3 2 1 2 2 1.42 3 53 

1 1 2 Purchase Process Performance 3 3 3 1 3 1 3 3 3 1 2.00 3 33 

1 1 3 Page Generation Speed 2 2 1 2 1 2 1 2 1 3 1.42 3 53 

1 2 0 User-Friendliness 

2 1 Understandability 4 3 3 5 4 5 3 3 1 5 1 3 3.33 14 76 

1 2 2 Products Information Availability 14 12 13 14 14 6 1 13 13 12 13 5 10.83 14 23 

l 2 3 Interactivity 5 7 5 1 6 1 4 1 4 3 5 4 3.83 14 73 

1 2 4 Learn-ability 6 6 2 4 5 2 5 2 3 1 6 12 4.50 14 68 

1 2 5 Localizability 13 13 14 13 13 7 13 5 2 11 14 6 10.33 14 26 

2 6 Response Time Uniformity 3 4 4 3 8 3 2 4 6 4 2 1 3.67 14 74 

2 7 Forms Of Payment Availability 12 14 12 12 12 a 8 12 9 8 3 7 9.42 la 33 

1 2 8 Storage Of Purchase List 1I II II 11 ll 11 la 11 10 9 4 8 10.17 14 27 

1 2 9 Help Availability 7 8 10 6 1 9 7 6 8 2 7 9 6.67 14 52 

1 2 01 Products Comparison 1 2 6 8 3 la 10 7 7 10 8 11 7.25 la 48 

1 2 1 "Shopping Cart" Metaphor 2 1 1 2 2 10 9 14 14 7 9 10 6.75 14 52 

1 2 2 Printing Facilities 9 10 8 9 9 12 11 8 11 13 11 13 10.33 14 26 

1 2 3 Download Facilities 8 9 7 7 10 13 12 10 12 la 12 la 10.67 la 24 

1 3 o Navigability - 

1 3 1 Absence Of Navigation Errors 

- 

4 3.58 11 67 

1 3 2 Minimal Path & Shortcut Facility 2 2.25 11 80 

Drawback 

- 

11 9.25 11 16 

3 Navi ation Structure Taxonomy 1 2.58 66 
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S F F Title 
Al A2 A3 A4 AS A6 A7 A8 A9 A10 All A12 M N Rnk 

1 3 
1 

0 Interaction Storage Capacity 9 8 7 11 8 6 6 4 8 10 7 10 7.83 11 29 

1 3 1 Mobile Devices Accessibility s 10 8 10 7 11 s 9 10 11 9 9 9.17 11 17 

1 4 0 Maintainability 

1 4 1 Stability 1 2 2 1 1 1 1 2 2 1 2 3 1.58 4 60 

1 4 2 Testability 3 4 3 2 2 3 4 4 3 2 3 2 2.92 4 27 

4 3 Analyzability 4 3 4 4 3 4 3 3 4 3 4 4 3.58 4 10 

1 4 a Changeability 2 1 1 3 4 2 2 1 1 4 1 1 1.92 4 52 

1 s o Involvement Capacity 

1 5 1 Attractiveness 1 1 1 2 3 1 3 1 1 3 3 2 1.83 5 63 

1 5 2 Aesthetic Attributes 2 4 3 3 2 2 1 2 3 2 1 3 2.33 5 53 

1 5 3 Client Profile Identification 3 2 2 5 1 3 2 3 2 1 2 1 2.25 5 55 

1 5 4 Simulation 4 3 4 4 5 5 4 3 4 4 4 4 4.00 5 20 

1 s 5 Additional Services Availability 5 5 5 1 4 4 5 5 5 5 5 5 4.50 5 10 

2 o o Conceptual Reliability 

2 1 0 Functionality 

2 1 1 Accuracy 1 3 2 1 4 1 2 1 3 2 1 3 2.00 6 67 

2 1 2 Client Support 2 2 1 2 3 5 3 2 4 3 2 5 2.83 6 53 

2 I 3 Information On Product Delivery 3 4 3 3 1 4 6 6 1 4 3 2 3.33 6 44 

2 1 4 Suitability 4 1 4 4 2 3 1 3 2 1 4 1 2.50 6 58 

2 1 s Flexibility 5 5 5 5 6 2 5 4 5 5 6 6 4.92 6 18 

2 1 6 Intero erabilit 6 6 6 6 5 6 4 5 6 6 5 4 5.42 6 10 

2 2 0 Security 

2 2 1 Payment Systems Security 1 2 1 5 1 1 1 2 1 6 5 4 2.50 6 58 

2 2 2 Vulnerability 6 5 4 6 6 5 5 4 6 4 6 5 5.17 6 14 

2 2 3 Site Authentication 3 1 3 3 2 3 3 6 2 1 3 1 2.58 6 57 

2 2 4 Access Control 4 3 2 2 3 2 4 3 5 2 2 3 2.92 6 51 

2 2 5 Confidentiality 5 6 5 4 5 6 6 5 4 3 4 6 4.92 6 18 

2 2 6 Privacy 2 4 6 1 4 4 2 1 3 5 1 2 2.92 6 51 

2 3 0 Reliabilit 

2 3 1 Recoverability 1 1 2 1 2 2 2 1 1 1 1 2 1.42 3 53 

2 3 2 Maturity 3 3 3 3 3 3 3 3 3 3 3 3 3.00 3 0 

2 3 3 Fault Tolerance 2 2 1 2 1 1 1 2 2 2 2 1 1.58 3 47 

2 4 o Integrity 

2 4 1 Data Inte ity I I 1 1 3 1 2 1 1 1 1 1 1.25 3 58 

2 4 2 Robustness 2 3 3 3 1 3 1 3 3 1 3 2 2.33 3 22 

2 4 3 Audit Trail 3 2 2 2 2 2 3 2 2 2 2 3 2.25 3 25 

2 5 o Trustworthiness 

2 5 1 Correctness I I I I 1 I 1 1 1 1 1 1 1.00 2 50 
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2 6 4 User oriented 5 5 4 1 3 6 4 2 3 3 4 3 3.58 8 55 

2 6 s Respectability 6 7 6 5 s 3 s 8 s s 6 s 6.00 8 ?5 
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S 
Q 
F F Title Al A2 A3 A4 AS A6 A7 A8 A9 A10 All A12 M N Rnk 

2 6 6 Concise Content 4 4 7 8 4 8 3 4 6 2 5 4 4.92 8 39 

2 6 7 Completeness 3 3 5 4 1 4 2 7 7 7 1 2 3.83 8 52 

2 6 8 Compatibility With Real Store 7 8 8 7 7 5 1 6 8 1 7 8 6.08 8 24 

2 7 0 Scalability 

2 7 1 Multiprocessor handling z 2 1 2 2 2 2 2 2 2 1.58 2 21 

2 7 2 Farmin capabilities 1 1 2 1 1 1 1 1 1 1 0.92 2 54 

2 8 o Availability 

2 8 1 24/7/365 Readiness 1 3 3 1 2 4 2 1 2 3 2 4 2.33 5 53 

2 8 2 Partial Availability 5 4 2 1 5 4 4 1 4 4 3 3.08 5 38 

2 8 3 Notification Integrity 4 5 5 3 4 3 3 5 5 5 5 5 4.33 5 13 

2 8 4 Browser version compatibility 2 1 1 3 2 5 2 3 2 3 2 2.17 5 57 

2 8 5 Cross Browser Support 3 2 4 2 5 1 1 3 4 1 1 1 2.33 5 53 

3 o o Representation Reliability 

3 1 0 Readability 

3 1 1 Language Correctness 1 2 1 1 2 3 1 1 1 1 3 1 1.50 6 75 

3 1 2 Style Uniformity 3 3 3 4 6 2 3 6 2 6 2 5 3.75 6 38 

3 1 3 Clarity 2 1 2 2 1 1 2 2 3 1 4 3 2.00 6 67 

3 1 4 Conciseness 4 5 4 5 5 5 5 5 5 2 1 2 4.00 6 33 

3 1 s Terminology Uniformity 5 4 6 3 3 4 6 3 4 5 6 6 4.58 6 24 

3 1 6 Abstraction Uniformity 6 6 5 6 4 6 4 4 6 6 5 4 5.17 6 14 

3 2 o Standards Conformance 

3 2 1 Interface Standards 1 3 1 2 1 1 1 2 1 1 1.17 3 61 

3 2 2 Programming Standards 2 2 3 3 2 2 2 1 2 2 1.75 3 42 

3 2 3 Navigation Standards 3 1 2 1 3 3 3 3 3 3 2.08 3 31 

3 3 o Ease Of Manipulation 

3 3 1 Up-To-Date 1 1 2 1 4 4 4 3 3 I 2 1 2.25 4 44 

3 3 2 Ability To Trace 2 3 4 2 3 2 1 4 1 2 3 3 2.50 4 38 

3 3 3 Documentation Availability 3 2 3 4 2 1 2 2 4 3 4 2 2.67 4 33 

3 3 4 Structure 4 4 1 3 1 3 3 1 2 4 1 4 2.58 4 35 
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Appendix D- Panel of Experts Profile 

D. 1 Introduction 

Identifying the interdependencies between E-commerce quality factors and sub-factors 

was based on a two-stage approach. The initial stage provided statistical analysis on the 

correlations among factors. For the second stage, a panel of subject experts was invited 

to perform their analysis and draw conclusions on the relevant and important cause- 

effect relations among the factors. Below is the profile of the panel members. 

D. 2 Panel Profiles. 

D. 2.1 Basil Qubain, Estarta Solutions 

Qubain is the Senior Director of the Innovation Centre at Estarta. With over 17 years 

of experience in IT, Qubain's focus is on providing leading edge technologies in the "e" 

web space, in particularly, the business-to-business and government-to-government 

domains. Qubain has managed and directed over 65 software projects in his career, 

half of which were on Internet-based technologies and over a third serving E-commerce 

objectives. 

Estarta Solutions is a regional software innovation provider. The company is co-owned 

by Microsoft Corporation and Cisco Systems, and focuses on the enablement of its 

client through leading software solutions. Their motto is "Turning Visions to Reality. " 

D. 2.2 Osamah Telfah, ePageCafe 

Telfah is the principle owner and Chief Architect of ePageCafe. With over 8 years of 

experience, Telfah has focused on the development E-commerce applications with a 

specialization in the facilitation and securing of financial transactions. In his career, 

Telfah has been exposed and involved in a variety of tools and platforms for 

implementing E-commerce solutions ranging from propriety GCI scripting to high-end 

turnkey commerce services such as Microsoft Site Builder. 

ePageCafe, formally known as IT Matrix, has been in business for over five years 

focusing on providing E-Commerce website development and services to business-to- 
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consumer and consumer-to-consumer clientele. Clients can rely on ePageCafe to realize 
their E-commerce goals by utilizing off-the-shelf tools and applications developed by 

ePageCafe or tailoring their implementation utilizing their software development human 

resources. 

D. 2.3 Dawsar Zghoul, Softact Inc 

Zghoul is the Chief Technology Architect of Softact. He has over 10 years of 

experience in software and web-based application development, particularly in the 

business-to-consumer and government-to-citizens domains. Zghoul has played several 

roles in E-commerce projects from Architect to Software Engineer. Zghoul exploited 

several tools and technologies from Microsoft, Java Soft and the Open Source 

Foundation. His current role is advising on the architectural direction in client 

E-commerce website engagements and providing training and coaching on E-commerce 

website implementation. 

Softact is a leader in workplace learning and performance. The company advises clients 

on how to reduce the technology adoption lifecycle and improve the delivery framework 

of IT, through coaching, training and consultancy support. Softact's Internet portal 

itself is an E-commerce website. 
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Appendix E- Conditional Probability Table Listings 

The tables below are the conditional probability tables for the created Bayesian Belief 

Network. The tables are screen shots from the application developed using the Hugin 

Expert A/S software for Bayesian Belief Networks (Hugin, 2006). 

If the node is parentless, the node will contain a marginal probability table of the 

probability distribution over the states of the variable that it represents. If the node has 

parents represented by arcs or edges, the node contains a conditional probability table 

(CPT) where each cell in the table contains a conditional probability for the node being 

in a specific state, given a specific configuration of the states of its parents. The number 

of cells in a CPT for a discrete node is the product of the number of possible states for 

the node and the number of possible states for the parent nodes. 

Table E-3 - Content Adequacy Probabilities 

ntAdequacy Labelled 
,J 

0.3 
0.3 

i u_ýý 
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Table E-1 - Availability Probabilities 

Table E-2 - Accuracy Probabilities 
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Table E-4 - Efficiency Probabilities 

fficiency w Labelled jJ 

0.3 

Table E-9 - Scalability Probabilities 

JScalabilityý Labelled 

+ 0.33 
0 0.3 
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Table E-5 - Integrity Probabilities 

Table E-6 - Involved Capacity Probabilities 

Table E-7 - Navigability Probabilities 

Table E-8 - Reliability Probabilities 
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Table E-10 - Security Probabilities 

Security LabeIIed 
-Zj 

0 0.3 

Table E-11 - Standard Conformance Probabilities - 
JardConform Labelled ) 

+ 0.3 
0 0.3 
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Table E-12 - User-Friendliness Probabilities 

Table E-13 - Readability Probabilities 

Table E-14 - Functionality Probabilities 
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ItYlainta inability 

Conditional Probability Table Listings 

Table E-15 - Maintainability Probabilities 

Labelled -IF 
IScalability 

Stan dardConfor_J r+ 
0 

1 0.85 0.2 0.65 00 0.45 0 
0_ 0 0.15 0.75 0.35 0.9 0.5 0.55 0.15 

sl 

Table E-16 - Trustworthiness Probabilities 

JTrustworthinesszj Labelled 

iSecun _ 
Accuracy 
I+ 1 

0 
0.9 

-ý 
0.5 0.3 

+ 
000 0 

10 0 0.1 0.5 0.7 1 0.5 0.4 0.05 
I- 0 

Table E-17 - Representative Reliability Probabilities 

epresentative Labelled T 

StandardConfor..., + 0 
Readability 0 1+ý0- 
I Yes 0.995 0.8 0.55 0.85 0.6 0.41 0.55 0.4 0. 

_N-o__ -U 0_ 0.4 1 

Table E-18 -Conceptual Reliability Probabilities - 

Table E-19 -Usability Probabilities 
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Only a portion of the table is shown. Actual table contains 100 different probability conditions 

Only a portion of the table is shown. Actual table contains 36 different probability conditions 
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Table E-20 -Quality Probabilities 



Appendix F E-commerce Website Case Study Qualification 

Appendix F- E-commerce Website Case Study Qualification 

In selecting qualifying E-commerce websites, a two stage approach was adopted. The 
first stage involved selecting web sites that could be unambiguously classed as 
E-commerce sites. The second stage considered the access to the owning organization's 

personnel and data that the author would need for the site to be used as a case study in 

this research. Tables F-1 and F-2 give the criteria required for qualification at each 

stage. This process was continued until a set of three E-commerce websites were 

selected. 

- Table F-1: Criteria for a website to qualify as an E-commerce site - 

The site must have: 

the ability to purchase items online 

more than one item in more than one category available for purchase 

the ability to allow for purchase of more than one copy/piece/instance of an item 

the facility to pay on-line using a credit card 

more than 50 transactions per month with total sale exceeding $25,000 

- Table F-2: Criteria for a website to qualify for use as a case study - 

The author must be able to: 

communicate with the architects, technical leaders and developers of the website 

review some sort of customer feedback and service satisfaction assessments 

get transparency and disclosure (while maintaining confidentiality) to source code, 

development and feature techniques 
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Appendix G-A Score-based Analysis of Softact. com 

G. 1 Introduction 

A score-based study was conducted on the quality attributes of the Softact. com website 
to assess the overall quality of the website. In essence the Goal-Question-Metric 

approach (Basili and Weiss, 1984) was adopted, as described in Chapter 8. The scoring 

sheet used could be standardized and applied to other websites to compare the 

assessment against the model developed in this thesis. 

Table G-1 gives the overall results and table G-2 gives the detailed scoring for this 

assessment. 

- Table G-1: Results of the Softact Assessment - 

Nodes Assessment 
Security Positive 
Availability Positive 
Scalability Positive 
Integrity Positive 

Content Adequacy Negative 
Accuracy Positive 
Involved Capacity Neutral 

User-Friendliness Positive 

Navigability Negative 

Reliability Positive 

Efficiency Negative 

Readability Positive 

Standard Conformance Positive 
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Appendix G 

G. 2 User's Satisfaction Survey 

A Score-based Analysis of Softact. com 

The survey conducted on Softact. com consisted of a rating-based questionnaire for a 
participant group of 20 Softact users. The questions where selected based on the 
different areas EWQPNet focused on in assessing the website quality. Each question 
was asked in the form of the user's satisfaction perspective on the website. The content 
of the survey is as follows: 

- Table G-3: Customer Survey Form - 

Thank you for your time and effort in filling out this survey. Our aim is to 
ensure quality of survey and your satisfaction with our website experience. 
Please answer each question by rating your agreement on the aspect where an 
answer of "10" indicates ultimate satisfaction and "1" ultimate dissatisfaction. 
Should you have comments to share with us, feel free to provide in "comments" 

section 

.. _.., _. -...,., Mn', ý.. ýý�'/ý/, /ý/. ý` ý/, ý/e, ý, "sir//ýy/av/am/ýr/ýl/ýý/, ý/. esý/, ý/ý/ý/, e®/, ý/, ýrsý+ / /BrE/BrB/B/B/ErErýr. ýrm ýrB/B/BrErB/B/B/B/ý/. ý/ErE/E/E/B/ý/B/B/BrB/B/B/B/. r 
1 low satisfaction, 5 neutral and 10 highest satisfaction 

1 2 3 4 5 6 7 8 9 10 

1. The ease of navigating and traversing through the different sections of the website 
using the menu and buttons available in the website. 

Rating L I 

Comments: 

/. Aý, fF/ r. Q9Y,. P/Eý,, A+r, P®/ r, Ap+ýBý, 'ý, iA°r B/8S`ýi! (o/ ý, Idr. e'ý. O7r BErA@ý. @B'r rEý.. H'BBBEBBý. iB/BrBB/BrBrBBBr. YBrBB/. jwBýBBri BB/Bý. Psfý, /Pý, A`iBr '1E1B'1iSi. I'1B1®I1/º 

2. The completeness of the information provided in the website, its consistency and 

reliability 

Rating 

Comments: 

dI/. 4; 9/. %% + `Ar[av/`C 'swia0'/B BiBýBýBýBB/B/B/B/B/I/ýiBiBrBýiPuBE/EBBýEiBBBoÖi/1iELn'S; iBýEBB/XB/B/BEB07O: C: r/B%BiBiL. º r/Oi. iBwiBBB i 

3. The completeness of the description and information on items for purchase 

Rating 

Comments: 

._. _. _. _. _. _,.. e o, _, ýs-, _, w, _ _. ., _. _, _, _., _, _, e, _, _�,,,,,, 8/B, B, BrB, B, BrBrý BrB, B/Bý B O. ý iýº., /ý.,,, i iio, _. _. ý.. _. _, _. _- _. _ . _. 
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ý, ý. ý. risrrrrrr/r/rýIM: I'/ý r/A'/ýYIY/ýYýO"/i/r/d/. tl/. ý'/A"/r/IYd/. A/. ý/r/d/O"/IbYB'/. Af/ý/®/r/sioiýrrrisiar..... n., s"..., 

1 low satisfaction, 5 neutral and 10 highest satisfaction 
- 1 2 3 4 JS 6 8 9 10 

4. The ease of accessing listed items and in the process of selecting / deselecting them for 

purchase 

Rating 

Comments: 

5. The responsiveness of the website to your commands and directions 

Rating 

Comments: 

6. The processing of tendering (paying) for items and checking out 

Rating 

Comments: 

7. The tolerance of the site to errors in entry or selection 

Rating J 

Comments: 

8. The overall friendliness and user experience of the web site 

Rating 

Comments: 
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Appendix U A Score-based Analysis of Softact. com 

Figures G-1 to G-8 show the results of each question in graphical form 

Figure G-1 Ease of traversing around 

Figure G-2 Information reliability 

Item description 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

,, 
N Qr, Q'b ýQý ýQh 0o ýQ1 N NQoQNoQ NN QN QýL Qo Ql 

Figure G-3 Item descnption 
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Appendix G A Score-based Analysis of Softact. com 

Figure G-4 Item listing & selection 

Figure G-5 Responsive 

Tendering 

10 
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Figure G-6 Tendering 
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Figure G-7 Interactive tolerance 

Figure G-8 User thendly 
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Appendix H A Score-based Analysis to RingaDong. com 

Appendix H- Score-based Analysis of RingaDong. com 

A thorough walkthrough of the site was performed to identify its state from each 

observable node point-of-view. The analysis was conducted using a combination of 

panel of three independent experts, expert input from the site's original architect, and 
"under the hood" source code and system inspections. 

Table H-1 gives the overall results and table H-2 gives the detailed scoring for this 

assessment. 

Table H-1: Results of the RingaDong Assessment 

Nodes Assessment 
Security Positive 
Availability Negative 
Scalability Neutral 
Integrity Positive 
Content Adequacy Positive 
Accuracy Positive 

Involved Capacity Negative 

User-Friendliness Positive 

Navigability Positive 

Reliability Positive 

Efficiency Positive 

Readability Positive 

Standard Conformance Positive 
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A Score-based Analysis to IconOpportunities. com 

Appendix I- Score-based Analysis to Iconopportunities. com 

1.1 Introduction 

A thorough walkthrough of the site architecture, design and the corresponding 
implementation tasks was performed to identify future state of the site in assuring the 

positive evidence of the quality factors that constitutes the model established in this 

thesis. The analysis was conducted in a checklist investigation style factor by factor. 

The results of information gathered and analyzed are established within. 

1.2 Results 

Table 1.1 Assessment Results 

Nodes Assessment 
Security Positive 
Availability Neutral 
Scalability Neutral 
Integrity Positive 
Content Adequacy Positive 
Accuracy Neutral 

Involved Capacity Neutral 

User-Friendliness Negative 

Navigability Negative 

Reliability Positive 

Efficiency 
Readability 
Standard Conformance 

Positive 
Negative 
Positive 
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Appendix IA Score-based Analysis to IconOpportunities. com 

1.4 Evaluators Satisfaction Survey 

The survey conducted on Iconopportunities. com consisted of a rating-based 
questionnaire for a participant group of 6 experts evaluators. The questions where 
selected based on the different areas the EWQPNet focus on in assessing the website 
quality. Each question was asked in the form of the evaluator's satisfaction perspective 
on the website. The content of the survey was as follows: 

- Table 1-3: Evaluators Survey Form - 
Thank you for your time and effort in filling out this survey. Our aim is to 
ensure quality of survey and your satisfaction with our website based on your 
evaluation. 
Please answer each question by rating your agreement on the aspect where an 
answer of "10" indicates ultimate satisfaction and "1" ultimate dissatisfaction. 
Should you have comments to share with us, feel free to provide in "comments" 

section. 

1 low satisfaction, 5 neutral and 10 highest satisfaction 

1 2 3 4 5 6 7 8 9 10 

1. The ease of navigating and traversing through the different sections of the website 
using the menu and buttons available in the website. 

Rating 

comments: 

9e^'Y. o'i. WýýrL. A'iAýY. ýºýiq'ý. @'ý. ýýwwiavýqýY, Ar'ýgFY. ýi. 4Fýý,. 4°ýýýüº/ Fi. AP/. ýR'/., aýýiA'ý. ý'dK/iý'ýýý. ýGý'ýwý7eßY. Aýiesý. oý0Uý7. IR'/w; ý%^rýýiýiý'ý. ¬'ý. PýwiýYý'ý/'ý. ýiýüYrýwýmýsýýi/ýrýoýQ/siiý'iwý ruiv ýi. ýiLý 

2. The completeness of the information provided in the website, placing content in terms of 
its importance to the user, its consistency and reliability 

Rating 

comments: 

3. The ease of accessing listed items and in the process of selecting / deselecting them for 

purchase 

Rating 
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Ami®//A+/ý'GýY . FL�itb//4; >: ec ÄY. iý'i�ýiBrr iii i®ive, r.,..., ý 
_ ,. ", ",..,.. ý.. ýýriaivisioirinviýºisroisiiiiiirrrrsüieiiiýü-iiiiiiiw 

1 low satisfaction, 5 neutral and 10 highest satisfaction 

1 3 4 5 6 7 8 9 10 

comments: 

Are®r®TrýýoriM*r, ýr. Irlr rýý'rs/. mý. wrrr. B"r 'rýi%rihr. OA"/ Y. BPr. ýr. ý+ar. ýrýri6ýr. X, ýrafýiYr, r. Pm'r. Y%rý'r®rrýroariorýrv/isi. EÖ'i. ý'r. ºiwý. cr. Niýrri7rl6"rrr. ýrýrwi. 6ý/9ririfrarýrý ArýTr sisir, is,: c;.. w .r r-. + 

4. The responsiveness of the website to your commands and directions 

Rating 

comments: 

ý®wrv ýrariýiariaýr mirýiýi. zeriýrýi ýýrýariaairvirýrwrarýiýiri riraoraaiac cýrrý t:.. rroieririirroiriýirisiiieiiiariiiiriirrrýrýi visiiieýwirinºiii. ºiris v 

5. Registration and paying for goods 

Rating 

comments: 

rýrmýrsýr rýrrýrýrýrrýrýrr rar , air r rar r. ýr rý, +urwry, ýrr rýra®rrr rrý+, rarrrrsý, srrýra, ýrarceýrýrraýrerr4Y /r ; ý, ",.. , 

6. The first impression and Initial view/ design of a site 

Rating 

comments: 

. ýraýrýr. ýrýwvsýrr. ýrýrý, sarýrrýr, ýrýrerror, ýr. ýrý, ýr, ýrwvr rrrasrrorirrrarrcermr. ýr, ý,. rr. ýzý,. rrwrormtrrerrren®rýrarýr rr erý^ro, mr rýr, ý , <ýreý-ýý. ý..: y,..,.. ,,,.., ,.., _ ., _ 

7. The overall friendliness and user experience of the web site 

Rating 

comments: 
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1.5 Evaluators Survey Results 

Results were captured into a Microsoft Excel application file. The full set of results is 

given in Table 1-4. 

- Table 1-4: Evaluator Survey Results - 

Respondent 
Question TE1 TE2 TE3 IEI IE2 IE3 
1. Ease of traversing around 2 3 2 4 3 2 
2. The presentation of information 2 3 4 2 3 2 
3. Item listing & selection 7 9 9 9 8 8 
4. Responsiveness 7 7 5 5 5 6 
5. Registration and paying for goods 2 3 3 4 3 2 
6. Initial view/ design of a site 2 1 1 1 3 2 
7. User-friendliness 4 3 4 3 2 1 

Legend: 
TEx: Team Evaluator (1 - 3) 
1 Ex: Independent Evaluator (1 - 3) 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

 TE1 
  TE2 
QTE3 
QIEl 
  IE2 
  IE3 
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- Figure I-l: Iconopportunities Evaluators Satisfaction Survey Results - 
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Appendix J- How to use EWQPNet 

The following steps explain how to use EWQPNet: 

User Guide 

1. Load EWQPNet into the system. 

2. Compile EWQPNet by Pressing the Run Mode tool button 
1 

in the Tool Bar. 
The compiler checks for the following errors: 

- Cycles. There must be no directed cycles in a network. 

- For each parent configuration of a node, the probabilities of the different states 
must have the sum of 1. In other words, each column of the table must sum to 1. 
If there is a column that does not sum to 1, the compilers will normalized the 

values. This fact can be utilized when filling in the probabilities. 
3. After the compilation, the Run Mode is entered. Running in Run Mode, the 

network window is split into two by a vertical bar (see Figure J- 1). To the left is 

the Node List Pane and the right is the Network Pane. 

4. As highlighted in Chapter 7 one of the usage strategies for EWQPNet is 

Prediction. The following steps illustrate how EWQPNet can be used for 

prediction (The same can be applied to other usage strategies): 
4.1 The user should enter the collected information (evidences) as follows: 

- Expand all nodes (by pressing the expand node list tool in the Tool Bar. 

- Enter the evidence by double clicking the state of the respective node. 

For example, given that the user has the information in Table J-1 about 

some observable node, the user then can plug this information into 

EWQPNet (Figure J-1 shows how User-Friendliness, Navigability, and 

Functionality are entered) to predict the quality level and reveal problems, 

if any, in the website. 

4.2 According to EWQPNet (see Figure J-1), the results provide a 

forecast, with a 100% probability that the site would be lacking in 

Conceptual Reliability, giving a 99.50% high level of Usability and an 

"unsatisfactory" Quality for the website. 

5. Other examples for using EWQPNet are available in Chapter 7 
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Table J-1: An example of observable node assessment - 

Nodes Assessment 
User-Friendliness Positive 
Navigability Positive 
Efficiency Positive 
Involved Capacity Neutral 
Scalability Positive 
Reliability Positive 
Security Negative 

Accuracy Negative 

Readability Positive 

Standard Conformance Positive 

User Guide 

File Edit View Network Table Options Windows Wizards Help 

LIl IIIII ®IS L1 
M. 

g != YJI `E mäx E mäx 0,9 46x 

EWF Net 
º Integrity 

º ContentAdequacy 
º Maintainability 
º UserFriendliness 
º Navigability 
º Efficiency 
º Functionality 
º Trustworthiness 
º InvolvCap 
º Accuracy 
º StandardConform 
º Readability 
º Reliability 
º Availability 
º Scalability 
º Security 

D 0.00 Yes 
100.00 No 

Li 40 Useability 
99.50 Yes 

0 0.50 No 
40 Quality 

0 0.00 Yes 
100 00 Perhal 

O 2.50e-03 No 

J ý ýJ 

Security 
Accuracy 

Availability 

Trustworthiness 
InvolvCap 

Functionality 
Conceptual 

0 00 Yes 
ýMl No 

Navigability Scalability 

UserFrlendliness 

Maintainability 

Efficiency 

Useability 

Yes Quality 
0 50 No 0.00 Yes 

Perhaps 
2.50e-03 No 

Figure J-1: Using EWQPNet as a prediction tool - 

StandardCanfarm 

Reliab Iity 

Integrity 

ContentAdequ. 

Readability 

R Apra1"ntatlv" 
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Ki. Divorcing 

General BBNs Modeling Concepts 

General BBNs Modeling Concepts 

Let A ,..., 
An be a list of variables all of which are causes of B. If you wish to specify 

P (B A,..., An), you might have a very large knowledge acquisition task ahead of you. 

Divorcing is the technique to simplify this kind of task. Let us consider an example first. Suppose 

we are interested in P (B I A,..., A7, ), where A 
,..., A� each have 3 states, we will have to produce 

81 *(number of state of B-1) separate probability numbers for B's conditional probability table. 

After divorcing (Figure Ni only shows one possibility of the divorced networks), node B only has 

three parents, each of which has three states, so that we need to fill (27*number of state of B-1) 

separate probability numbers for B's conditional probability table. Also, node C has two parent 

nodes each of which has three states. Thus, for C we need to fill 18 probability numbers. After 

divorcing, we have to fill (27*number of state of B-1) +18 probabilities compared to 81 *(number of 

state of B-1) probabilities, which is the number to fill before divorcing. Clearly, we have far fewer 

probabilities to fill using divorcing and this is achieved without adding too much complexity in the 

structure of the BBN. 

LIIIIIIIII 
Divorcing 

Figure K!: An Example of Divorcing 

K2. D-separation and are representation 
Before we define d-separation, we first look at the way that evidence is transmitted in BBNs. We 

consider two types of evidence: 
Definition 1: Hard Evidence (instantiation) for a node A is evidence that the state of A 

is definitely a particular value. 
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Definition 2: Soft Evidence for a node A is any evidence that enables us to update the prior 
probability values for the states of A. 

The following are the three cases of connections in BBNs: 

C-- A 
'D 

Serial Connection 

CR-D 

Diverging Connection 

Figure K2: D-connections 

CAD 
Converging Connection 

" In a serial connection from Node B to Node C via Node A, evidence from B to C is blocked 

only when we have hard evidence about A. Evidence on B will influence A which 
influences C. 

" In a diverging connection where Node B and Node C have the common parent Node A, 

evidence from B to C is blocked only when we have hard evidence about A. 

" In a converging connection, where Node A has parents Node B and Node C, any evidence 

about A results in evidence transmitted between B and C. Here nodes B and C are 

conditionally dependent given evidence at Node A. This means that if we have entered 

evidence at Node A then entering evidence at Node B will update Node C. 

In Serial and Diverging connections we say that the nodes B and C are d-separated when there is 

hard evidence of A. In a Converging connection B and C are only d-separated when there is no 

evidence about A. In general, two nodes that are not d-separated are said to be d-connected. 

Let us prove a pair of dependences equivalent of the basic BBN structures. Refer to the equations in 

Figure N3 for the proof. It is obvious that these two structures are essentially equal in topology. 

-- 
A 

-D 

Cý-D 

P(A. B. C) = P(B -4) 
P(C _4) P(-ß ) 

= P(C I A)P(A. B) 

P(_4. B. C) = P(C A)P(B)P(A B) 

= P(C! . 4)P(. 4. B) 
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Figure K3: Structure Equivalent 

General BBNs Modeling Concepts 
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Appendix L- Paper: Quality Assessment of E-Commerce 

Websites Using Bayesian Belief Networks 

The following six pages give a copy of a paper written by the author and presented 

with another paper, given in Appendix M, at the International Conference on 

Multidisciplinary Information Sciences and Technologies, InSciT 2006, in Madrid in 

October 2006. 



Appendix L 

Quality Assessment of E-Commerce Websites Using Bayesian 

Belief Networks 

Osama Rababahal, Ray Dawsona2, Dr. Roger Knott and Fawaz Masoud M 
Computer Science Department, Loughborough University, Loughborough, UK 

b Department of Computer and Information systems, The University of Jordan, Amman, Jordan 

The most experienced and successful E-commerce companies are beginning to realize that key determinants of success or failure are not merely a web presence or low price but delivering on a high quality website. To attain the desired quality of 
website software, it is necessary to produce a framework and model that enables evaluation of a website's quality. In this 
paper we introduce a model, EWQPNet (E-commerce Website Quality Prediction Network). This model would provide a 
consistent and practical approach to assessing the quality of the website. The assessment can be carried out before the 
completion of the website development, thus, providing insight on the trend and direction for correction and improvements. 
It can also be carried out on completed and operational work, providing analysis of areas for improvement. The performance 
of the EWQPNet should be relatively quick and practical in providing an overall comprehensive assessment with root-cause 
analysis that would lead to corrective measures to improve the quality of the E-commerce website. 

Keywords: E-commerce, metrics, quality evaluation. 

1 INTRODUCTION 

Quality has been established as a key factor to ensuring success of E-commerce in attracting and 
retaining customer (Stefani, 2003). In order to assess the success of a website, a quality model highlighting 
relevant properties of the website and specifying how to measure them is needed. 

Past approaches concerning the quality of E-commerce systems emphasize usability standards using 
techniques like feature inspection and collecting data about end-users' opinion by questionnaires. These 
methods provide important feedback and their results can be utilized as a useful background for future work, 
however, they do not contribute directly to a dynamic model that enables forecasting (Chan, 2001). 

Website style guides and design principles such as the IEEE Web Publishing Guide, 
http: //www. ieee. org/web/developers/style, IEEE Std 1061-1992, "IEEE Standard for a Software Quality 
Metrics Methodology" and ISO/IEC 9126-1991 have emerged to assist developers in the development 

process. According to de Chazal (2005), there seems to be an almost overwhelming abundance of quality 
standards that lead to a high level of cynicism and skepticism surrounding them and the eventual lack of use. 

In fact, some guidelines suggest specific testing techniques able to detect whether or not the guideline 
is satisfied. Automatic tools are also available to carry out some of these tests. At least for usability-related 
questions, quality models should blend these techniques with other ones, like user testing or heuristic 

evaluation. 
The time and effort needed to carry out heuristic evaluation or user testing is in conflict with two 

fundamental pragmatic aspects of current websites. Web technologies evolve extremely fast, enabling 
sophisticated tools to be deployed and complex interactions to take place. Secondly, the life cycle of a 
website is also extremely fast: maintenance of a website is performed at a rate that is higher than that of other 
software products because of market pressure and lack of distribution barriers (Brajnik, 2001). Such conflict 

. 
is one more reason why it is necessary to consider automatic tools for supporting quality assessments. 

The solution proposed by this research is the establishing of a Bayesian Belief Network (BBN) model 

called EWQPNet. According to Jensen (2002), BBNs are often called decision support systems where the 
factors affecting a decision are modeled in terms of their elements and inter-dependencies. The aim of this 

paper is just that - to create a decision support system to aid in the assessment and decision making with 

regard to the quality assessment of an E-commerce websites. 
According to Niedermayer (1998), BBNs have become an important tool for research and applications. 

They are useful for both inferential exploration of previously undetermined relationships among variables 

Osama Rababah - Computer Science Department, Loughborough University, Loughborough, UK. http: //www-staff. lboro. ac. uk/--coor/ 

t Raw Dawson - Computer Science Department, Loughborough University, Loughborough, UK. 

htttn"//www lboro ac uk/delartments/co/people/acad staff/dawson. html 

3 Dr. Roger Knott - Computer Science Department, Loughborough University, Loughborough, UK. 

http: //www lboro ac uk/departments/co/people/acad staff/knott. html 

Dr. Fawaz Masoud - Department of Computer and Information systems, The University of Jordan, Amman, Jordan 
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and for descriptions of the relationships discovered. 

2 EWQPNET CONSTRUCTION 

A BBN is a graph composed of nodes connected by edges indicating an influencing relationship between the connected nodes. Mathematically, and according to Jensen (2002), a BBN is a probabilistic 
network that helps model and measure valuations and assessments. Establishing a BBN is a two stage 
approach (Jensen, 2002). Qualitative analysis is the first stage, followed by quantitative analysis. 

2.1 Qualitative Analysis 

Qualitative analysis entails representing the BBN in the form of an acyclic graph consisting of nodes 
and directed arcs. The resultant BBN is shown in Figure 1. The target EWQPNet was built using the tool, 
Hugin Expert A/S (Hugin, 2006). As Figure 1 illustrates, there are three types of nodes in EWQPNet: 

Target nodes, the nodes about which the objective of the EWQPNet is to make an assessment. In 
EWQPNet, Quality is the target node. This assessment is expressed with a quantifiable target variable for 
quality. 

Intermediate nodes, which are nodes for which one has limited information, or only "beliefs". The 
associated variables are the hidden variables. In EWQPNet, Usability, Conceptual Reliability and 
Representative Reliability are intermediate nodes. 

Observable nodes, which can be directly observed with associated observable variables that are 
measurable or quantifiable, even though this measurement may not be exact and objective. All remaining 
nodes in EWQPNet are observable nodes that can be quantified based on the findings gathered from their 
sub-factors. Table 1 lists how the factors acting as BBN nodes influence the model from a business domain 
perspective. 
Observable Nodes Influence Described 

Security The extent of security when accessing and using the E-commerce website ultimately influences the quality from 

the perspective of the E-commerce website's basic reliability, trustworthiness and conceptual reliability. 

Availability The extent of availability of the E-commerce website influences the quality from the perspective of conceptual 

reliability. 

Scalability The extent of scalability of the E-commerce website to consistently match growing demand on its services 

influences the quality from the perspective of the conceptual reliability. 

Integrity The extent that stored and processed data can be relied on influences the website quality from the perspective of 

the conceptual reliability. 

Content Adequacy Ensuring the right amount and appropriate type of information is presented within context influences the quality 

from the perspective of the conceptual reliability. 

Trustworthiness The extent that the user can trust the consistency in performance, data and processing of data influences the 

quality from the perspective of the overall conceptual reliability 

Accuracy The correctness in performing calculations and measurements influences the quality from the perspective of the 

functionality of operations and the overall conceptual reliability. 

Involved Capacity The measure of which the E-commerce website can adapt to each user's individuality influences the quality from 

the perspective of the functionality of operations and the overall conceptual reliability, 

b i Maintainability s te to meet user changing The ease of adapting and changing the underlying software of the E-commerce we 

and growing requirements influences the quality from the perspective of usability. 

User Friendliness The ease of matching users' expectations and the minimization of users' effort to achieve objectives when using 

the E-commerce website influences the quality from the perspective of usability. 
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Navigability The ease of traversing the E-commerce website pages influences the quality from the perspective of usability. 
Reliability The fundamental reliability of basic operations and execution of functions influences the quality from the 

perspective of the overall conceptual reliability. 

Efficiency The reduction in time consumed to achieve goals and objectives by the user when using the E-commerce website 
influences the quality from the perspective of the overall conceptual reliability. 

Readability The ease of reading and comprehending the content of the E-commerce website influences the quality from the 

perspective of the overall representative reliability. 

Standard The consistency of implementation of the E-commerce website and its adherence to standards influences the 

Conformance quality from the perspective of the overall representative reliability. 

Functionality The level of richness and practicality of the functional features the E-commerce website offers influences the 

quality from the perspective of the overall conceptual reliability. 

- Table 1: How the factors acting as BBN nodes influence the EWQPNet from a business domain perspective. - 
2.2 Quantitative Analysis 

The second stage in building EWQPNet is to quantify it with weights and figures, providing a 
representation of the joint probabilities. This necessitates assessing the probabilities of each factor on the 
developed network from the probability distributions for each of the factors, and conditionally, on their direct 
predecessors. 

This needed data may be gleaned from literature, elicited from experts, or learned directly from 
observations (Grois, 1995). In this paper, the second option, elicitation from experts, was used for building 
the model. A panel of three experts was asked to help derive an effective mechanism for quantifying the 
relations. Unanimously, the three experts agreed to limit quantifiable assessment of each variable to 3 values: 
(+l) meaning the variable has positive influence within the website, (-1) indicating an absence of the 
variable's attribute having a negative influence in the website and (0) indicating neutrality in the decision 
about the variable's influence within the website. A complete quantitative specification of our network 
(EWQPNet) is not included as it would have too many relations for the space available. EWQPNet contains 
20 variables that are linked together in all sorts of ways. 

3 APPLICATION OF THE MODEL 

The utility of the work and framework described in this paper is applied to three cases. The 
conclusions are measured against comparative assessment to validate the practical benefits of the work 
accomplished. 

3.1 Case 1: A live commercial website 

Softact. com is a live website providing E-commerce services in the area of business and technical 
artefacts. The technology exploited to build the website is based on Microsoft . NET framework of 
technologies. We were allowed to examine this company's internal documents in this study. 

The main goal of this evaluation is to facilitate the process of evaluating the quality of the website, and 
provided insight into the reasons behind its findings. Furthermore, it gave direction and prioritizion for 

remedial work to upgrade the site to give a new, higher quality level of service. 
The Goal-Question-Metric approach (Fenton, 1997) was followed to apply EWQPNet to Softact's 

website. Using this framework, the "beliefs", which are the quality factors, were considered as the goals in 

this setting. The metrics were set to the three essential levels of positive (i. e. agreeing), negative (i. e. 

Opposing) or neutral, indicating a lack of clear evidence. This approach, according to Fenton (1997) closely 

resembles a process improvement methodology, especially one that is measurement-based. This aligns with 
the ultimate goals of the paper in seeking a quantifiable reusable methodology for the assessment the quality 

of E-commerce websites in the spirit of their betterment. 

3.1.1 Model Application: The website was analyzed by applying the EWQPNet established in this 

Paper. The target of identifying the "beliefs" on the intermediate nodes was achieved by conducting a score- 
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based, Goal-Question-Metric study on the state of the site, and the results were plugged into the model to 
derive the quality level. The assessment outcome is shown in Table 2. 

Nodes Assessme Nodes Assessme 

Security Positive Maintainability Positive 

Availability Positive User Positive 

Salability Positive Navigability Negative 

Integrity Positive Reliability Positive 

Content Negative Efficiency Negative 

Trustworthin Positive Readability Positive 

Accuracy Positive Standard Positive 

Involved 

Capacity 

Neutral Functionality Negative 
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Figure 1: Qualitative Specification of EWQPNet 

Application of the Model on Softact. com) 
EWQPNet describes three types of key factors for achieving quality. Based on the EWQPNet and the 

analysis framework applied the results were: A low level of Usability attributes, a high level of Conceptual 
Reliability, and a high level of Representative Reliability. Therefore, according to the EWQPNet, the results 
show an "unsatisfactory" quality for the website due to usability issues. 

3.1.2 What-if Analysis: Two factors were identified that impacted on Softact. com's quality negatively, 
these are Navigability and Efficiency. Improving both factors to an acceptable status would bring the website 
to a high level of Usability and, therefore, to an acceptable state of quality. According to the model, even a 
neutral rating of Efficiency augmented with a positive rating on Navigability would be sufficient to clear the 
low rating of the Usability of the website and upgrade Softact. com to quality status. 

3.1.3 Benefit Analysis: The exercise indicated the focus of any improvement should be to prioritise 
the re-engineering of the payment process to produce a more friendly and efficient interface. This was 
evident from the assessment outcome of the developed model which gave a low rating on the Usability 

attributes of the site. This low rating was traced back to poor performance in the Navigability aspects of the 
site. In spite the negative scoring and evaluations in several areas, the model helped to prioritize and focus 

efforts on usability issues as these were identified as being the most critical. 

3.2 Case 2: Defunct E-commerce websites 
RingaDong. com is an E-commerce website offering for purchase and download ring tones, phone 

images, screens savers, games and phone management software for the mass population of mobile phone 
users and, particularly, youth enthusiasts. 

According to Offutt (2002), customer loyalty is a key factor to sustain business in E-commerce. 
However, RingaDong failed to establish this. Their site was created in 2003 and launched later in December 

of that year. In May 2005, after 18 months of operational presence, the owners of the site decided to "turn it 

off' as it had failed to generate enough business and revenue to even sustain its daily operational costs. The 

main goal of this evaluation is to identify reasons that rendered the website inoperable and uncover potential 

reusability from its subparts. 
As in the previous case study at Softact, the Goal-Question-Metric approach (Fenton, 1997) was 

followed in exercising the developed model. Using this framework, the "beliefs", which were the quality 
factors, were the goals in this setting. The assessment outcome is given in Table 3 below: 

3.2.1 Knowledge Framework: Investigating the site's software quality identified Involved Capacity 

and Functionality as major shortcomings. This caused a deficiency in the site Conceptual Reliability as high- 

lighted in the diagram below. 
3.2.2 Validation and Value Benefits: While one cannot comfortably confirm that this is the main 

cause of this project failure, it can be reasonably deduced that it was a key contributing factor. 

In using the EWQPNet as an assessment tool, it was found that it can also be used to provide insight 



Appendix L 

on to the viability levels in extracting re-usable components for the future benefit of building new sites. In 
the case of RingaDong, the assessment showed the site's quality in ensuring Accuracy and Security was 
satisfactory. This is clearly important as the items purchased off the site are received immediately through 
lnwnloads or other similar forms of electronic transfer 
Nodes Assessme Nodes Assessm 

Security Positive Maintainability Positive 

Availability Neutral User Positive 

Salability Negative Navigability Negative 

Integrity Positive Reliability Positive 

Content Adequacy Positive Efficiency Positive 

Trustworthiness Positive Readability Positive 

Accuracy Positive Standard Neutral 

Involved Capacity Negative Functionality Negative 

Table 3 Assessment Results 
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3.3 Case 3: A new E-commerce Website 

"zSýsr ý. eý 

This case exercises EWQPNet in a case study of a new E-commerce website to provide insight on how 
the framework and quality assessment model described in this paper can be applied to set priorities and 
directions to the development and implementation strategies when producing an E-commerce website. 

IconOpportunities. com is a new, up and coming site aimed to provide consumers with newly branded 
services over the Internet that enable consumers to recharge their mobile phone with air-time usage their 
credit card. The site works in combination with a banking payment gateway to credit card validation and 
settlements, and with a mobile phone messaging gateway to dispense the vended PIN numbers that would 
activate additional air-time access on the mobile. The site is being built on Java TM technologies. 

The quality factors of the model were used as a checklist to find evidence of quality factors within the 
website software under construction. A forward forecasting was then carried out using the model to assess 
the probability that the underlying website software will be of high quality. 

The results provided a forecast, with a 65% probability, that the site would be lacking comprehensive 
quality. In analyzing the root causes, it was apparent that there were issues in the lack of positive factors for 
Navigability, User Friendliness and Scalability. 
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Figure 3: Model Forecasting on IconOpportunities. com Figure 4: Model Forecasting with positive remedies 
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3.3.1 Remedies and Impact The model provides a useful aid in identifying what needed to be done to complete Icon Opportunities' E-commerce website. Forecasting the positive 
assurance on Navigability, User Friendliness and Scalability yielded better results with a "YES" 
probability of 57%. 

The inclusion of the extra work to improve the low rated quality factors increased the 
effort requirement of the project by a 11%. This impacted the schedule, extending it by 5 days. 
The onus was then on IconOpportunities' management to decide whether this additional cost 
was worth the improvement in the probable quality of the website and the consequential 
reduction of the potential risk of market failure. 

4 CONCLUSION 

In this paper we have presented EWQPNet, a technique for assessing the quality of an E- 
commerce website. The assessment can be carried out before the completion of the website 
development, thus, providing insight on the likely outcome and a direction for corrections and 
improvements. It can also be carried out on completed and operational work, providing analysis 
of areas for improvement and support for the decision making regarding the next development 
steps appropriate for the website. Case studies were selected to demonstrate this and to justify 
its validity. 
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Appendix M- Paper: E-Commerce Websites Quality 

Factors and Their Interrelations 

The following six pages give a copy of a paper written by the author and 

presented with another paper, given in Appendix L, at the International 

Conference on Multidisciplinary Information Sciences and Technologies, 

InSciT 2006, in Madrid in October 2006. 
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E-Commerce Websites Quality Factors and Their 
Interrelations 
Osama Rababaha5, Ray Dawsona6, Dr. Roger Knotta7 and Fawaz Masoud b8 
a Computer Science Department, Loughborough University, Loughborough, UK b Department of Computer and Information systems, The University of Jordan, Amman, Jordan 

Quality is a key factor to ensuring success of E-commerce in attracting and retaining customers. To this end, it is necessary to define what constitutes a high-quality E-commerce website as well as a methodology for 
evaluating the quality of E-commerce systems. This paper establishes the factors needed to assesses the 
quality of an E-commerce website. This work identifies and ranks the main quality attributes for this 
application domain. Having these quality factors enables the measurement of the specified attributes and 
variables. Such quality factors should be given serious consideration during the development of E-commerce 
systems (Stefani, 2003). The primary goals are identifying, qualifying, categorizing and ranking these factors 
and defining the interrelations among these quality factors. The list of attributes was derived from the 
specialized literature and by analysis of significant websites. The relationships are identified from the results 
of a questionnaire described in this paper and by using statistical analysis and expert opinion. 

Keywords: E-commerce, metrics, quality evaluation. 

1 INTRODUCTION 

Most E-commerce systems seek to provide high quality services to the end-users, and to 
this end they include specific applications so as to meet specific end-user requirements. The 
software behind any E-commerce website is, in essence, the virtual organization and business 
operation of that site. It is thus reasonable to conclude that the quality and evaluation methods 
of E-commerce systems will always be dependant on the quality of applications they contain 
and their ability to meet end-user requirements. According to Larsson (2005), quality factors are 
primarily attributes of the software that are often labeled as "non-functional requirements". The 

goal of the paper is to identify these quality factors and the relationships amongst themselves. 

2 CATEGORIZING 

The quality of a website is a property difficult to define and capture in an operational 
way, yet everybody feels it when it is missing. In fact, for a website there can be as many views 
of its quality as there are usages. Quality may depend on task-related factors affecting end users 

such as presentation quality and appeal, content and function adequacy, and navigability. It may 

also depend on performance-related factors that affect the efficiency of end users and the 

economics of the website within the company running it. These factors include response time, 

transaction throughput, reliability and robustness. It may depend on development-related factors 

that affect developers and maintainers of a website. These include code complexity, code 

readability, code flexibility, portability, page coupling and modifiability. 
The foundation model used to identifying quality factors and attributes is based on 

research by Albuquerque et al (2002). The model is extended with further research investigation 

and expert reviews and interviews. Albuquerque organizes a comprehensive set of software 

quality attributes into objectives where each objective is composed of a set of quality factors. 

Each quality factor is further decomposed into sub-factors. According to Albuquerque et al 

(2002), three broad objectives formulate the model, as illustrated in Figure 1, that enable 

evaluation of an E-commerce website's quality. 

5 Osama Rababah - Computer Science Department, Loughborough University, Loughborough, UK. http: //www- 

staff. lboro. ac. uk/-coor/ 
6 Raw Dawson - Computer Science Department, Loughborough University, Loughborough, UK. 

h! W: //www. lboro. ac. uk/departments/co/people/acad staff/dawson. html 

7Dr. Roger Knott - Computer Science Department, Loughborough University, Loughborough, UK, 

http: //www. lboro. ac, uk/departments/co/people/acad staff/knott. html 

8Dr. Fawaz Masoud - Department of Computer and Information systems, The University of Jordan, Amman, Jordan 
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Usability 

- Figure 1: E-commerce quality objectives - 

Usability is a quality objective that refers to the characteristics that allow use of the E- 
commerce site in the most diverse situations, not only during its development process, but also during its operation and maintenance. This objective builds on the reliability of the web site. 
Reliability is composed of two aspects. Conceptual reliability is concerned with the 
E-commerce site's capacity to implement, satisfactorily, what was specified and designed. 
Representative reliability refers to the E-commerce site's representation characteristics that 
affect its understanding and manipulation through its lifecycle. 

3 IDENTIFYING 

Further quality factors and attributes were researched to ensure having a comprehensive 
list of quality factors. Of most prominent, scalability and availability were added. According to 
Firesmith (2003), E-commerce website software is large and complex but quality requirements 
demand the key performance of factors such as availability, performance, scalability, and 
security. This, in essence, provides the biggest influence on the effective implementation of a 
website. 

Further, the scope of Albuquerque's quality factors extends beyond the technical and 
operational aspects of a website to its economics and business viabilities. However, in aligning 
with the goals of this paper, factors relating to such attributes were removed from the list. 

At this stage, and based on the academic research exercised, it was felt that a list of 
seventeen factors within three objectives would satisfy an assessment of the quality to the 
operational software of an E-commerce website. The next step was to extend the factors with 
sub-factors that allow measurement to qualify the assessment. Table 1 displays the complete set 
of those quality attributes. They are a total of eighty eight sub-factors organized within the 

quality factors. 

Quality Sub-Factors 
Usability 

Efficiency 
Time Behavior 
Purchase Process 
Page Generation Speed 

User Friendliness 
Understandability 
Products Information 
Interactivity 
Learn-ability 
Localizability 
Response Time Uniformity 
Communication Facilities 
Forms Of Payment 
Storage Of Purchase List 
Help Availability 
Products Comparison 
"Shopping Cart" Metaphor 
Printing Facilities 
Download Facilities 
Navigability 
Absence Of Navigation 

Conceptual Reliability II Representative 

Rank 

53 
33 
53 

76 
23 
73 
68 
26 
74 
48 
33 
27 
52 
48 
52 
26 
24 

67 

Quality Sub-Factors Rank Quality Sub-Factors 
Analyzability 10 Updated Content 

Changeability 52 Correctness 
Involvement Capacity Intelligibility 
Attractiveness 63 User Oriented 
Aesthetic Attributes 53 Respectability 
Client Profile Identification 55 Concise Content 

Simulation 20 Completeness 

Additional Services Availability 10 Compatibility With Real Store 

Conceptual Reliability Scalability 
Functionality Multiprocessor handling 

Accuracy 
Client Support 
Information On Product 

Suitability 
Flexibility 
Interoperability 
Security 
Payment Systems Security 
Vulnerability 
Site Authentication 
Access Control 
Confidentiality 

67 Farming capabilities 
53 Availability 
44 24/7/365 Readiness 
58 Partial Availability 
18 Notification Integrity 
10 Browser version compatibility 

Cross Browser Support 

58 Representation Reliability 
14 Readability 
57 Language Correctness 
51 Style Uniformity 
18 Clarity 

Rank 
68 
61 
26 
55 
25 
39 
52 
24 

21 
54 

53 
38 
13 
57 
53 

75 
38 
67 
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Quality 
�Sub-Factors 

Rank Quality Sub-Factors Rank Quality Sub-Factors Rank Minimal Path & Shortcut 80 Privacy 51 Conciseness 33 Drawback 16 Reliability Terminology Uniformity 24 Navigation Structure 66 Recoverability 53 Abstraction Uniformity 14 Links Visibility 72 Maturity 0 Standards Conformance 
Links Visualization 48 Fault Tolerance 47 Interface Standards 61 
Alternative Paths 28 Integrity Programming Standards 42 Navigational Prediction 17 Data Integrity 58 Navigation Standards 31 
User Level Adaptability 45 Robustness 22 Easy Of Manipulation 
Interaction Storage 29 Audit Trail 25 Up-To-Date 44 
Mobile Devices Accessibility 17 Trustworthiness Ability To Trace 38 Maintainability Correctness 50 Documentation Availability 33 
Stability 60 Completeness 0 Structure 35 
Testability 27 Content Adequacy 

- Table 1: Identified Quality Sub-Factors and their ranks - 

4 QUALIFYING 

To determine a ranking system for the factors, a standard statistical ranking scheme based 
on frequency of expert rating was used to reflect the relative importance of the different sub- 
factors within a factor. The weighting system was based on questionnaire results from expert 
specialists in E-commerce development and representative consumers of E-commence. 
Participants in the questionnaires were selected based on meeting qualifying criteria. Once 
qualified, the participants were asked to respond to the questionnaire that asked them to rank 
each sub-factor in order of importance of the attribute to the factor it belongs to. The 
questionnaire also provided an explanation of how each sub-factor influences the attributes of 
the factor. 

A total of thirteen responses to the questionnaire were collected. Six qualified as expert 
specialists and seven as representative consumers. For the both groups, the expert specialist 
and the E-commerce consumer representatives, filling the questionnaire was facilitated by the 
author. For each interview engagement, an introduction orientation was given on the 
questionnaire followed by a one-on-one question and answer session to gain the answers. The 
answers were recorded by the author to assure accuracy and consistency, which follows the 
guidelines of the Delphi method. In general, the process of soliciting answers followed the 
standard Delphi method (Dunham, 1998) in soliciting expert opinions. 

5 RANKING 

The ranking of sub-factors within each factor was sequentially based on the order of 
importance of the sub-factor in its influence on its factor. So for factor S having six sub-factors 
of SS 1 to SS6, each participant ranked the importance of each SSn in influencing S where 1 was 
the most important and 6 was the least. 

Once all results were collected, a weighting scheme was applied to reflect the relative 
importance (ranking) of the different sub-factors based on the formula: 

Sub factor Percent Importance = 100 - (M / N) *100 

Where M represents the average rating received on a sub-factor and N represents the total 

number of sub-factors attributes for a given factor. The subtraction from 100 is to reverse the 

ranking scale of the questionnaire as the questionnaire ranking of "1" has the highest percentage 
importance. The final ranking achieved has the highest percentage given to the most important 

sub-factor, proceeding to the least important in a descending fashion. Table 1 shows the rank 

received by each sub factor. 

fi FACTORS RELATIONS 

An understanding of the inferences and causal relations the quality factors have amongst 

themselves is essential for a reliable model (Eleanor, 1999). Statistical correlation was used in 
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analyzing the data obtained from the responses to the questionnaire to establish initial inter- 
factor relations. Correlation is not an indication of cause-and-effect relationships (StatSoft, 
2006) where changes in one variable impacts, and is the direct cause of changes in the 
correlated variable. Correlations merely indicate whether two variables are in unison in terms of 
movement. However, a harmony in movement in either the same direction or opposite (inverse) 
direction provides insight into possible cause-and-effect relationships. In this paper, correlations 
are used with rating scales, but with care. After the completion of identifying the factors' 
significant inter-relations, the results were reviewed by a panel of experts to ensure they were 
comfortable with the results. 

The validation of each possible relationship was carried out using a panel of experts to 
analyze the results of the correlation analysis to draw conclusions about which viable inter- 
dependencies exist amongst sub-factors. The panel members were invited to a group discussion 
on what would be the relevant and important relationships among the sub-factors. Using 
Martin's (2003) approach, a stepwise model selection technique combining forward selection 
and backwards elimination was used. Every panel member was asked to select the best causal 
relationship, in their view. The selection was iterated one relationship at a time in a round-robin 
approach. Not knowing when a cessation would be reached in this process, the members 
continued till their own point of satisfaction was reached and no further selection was added to 
their derived list. At that point a reversal elimination process started where each member was 
asked to return the least desired relation from their possession. The process continued in a 
round-robin fashion until the panel collectively retained 50% of the initially selected relations. 
The exercise was concluded at that point. Table 2 shows the results of the selection process. 

Sub Factor Sub Factor 

"Shopping Cart" Metaphor Influences Client Support 

24/7/365 Readiness Influences Client Support 

Access Control Influences Payment Systems Security 

Clarity Influences Understandability 

Completeness Influences Learn-ability 

Data Integrity Influences Attractiveness 

Help Availability Influences Attractiveness 

Links Visibility Influences Clarity 

Minimal Path & Shortcut Facility Influences Clarity 

Minimal Path & Shortcut Facility Influences Understandability 

Navigation Structure Taxonomy Influences Privacy 

Page Generation Speed Influences Response Time Uniformity 

Page Generation Speed Influences Recoverability 

Recoverability Influences Time Behavior 

Site Authentication Influences Suitability 
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Stability Influences Clarity 

Stability Influences Understandability 

Updated Content Influences Attractiveness 

- 'labe 2 hnalizeu Selections of Sub-Factors Interdependencies - 
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Usability 

Efficiency 

User Friendliness 1 

Navigability 3 3 

Maintainability 1 0 0 

Involvement Capacity 0 5 2 0 

Conceptual Reliability 

Functionality 3 3 3 2 0 

Security 0 0 0 4 0 3 

Reliability 0 0 0 4 0 3 5 

Integrity 0 0 0 4 0 4 6 6 

Trustworthiness 0 0 0 0 0 5 6 6 6 

Content Adequacy 5 4 1 2 0 4 0 0 0 5 

Scalability 3 0 0 5 3 0 0 3 0 0 0 

Availability 0 0 0 0 0 3 0 0 0 0 0 1 

Representation Reliability 

Readability 4 5 0 0 0 0 0 0 0 0 0 0 0 

Standards Conformance 0 0 0 5 0 0 0 0 0 0 0 0 0 0 

Easy Of Manipulation 0 0 0 0 0 4 0 0 0 0 0 4 1 0 0 

- Table 3 Factors Polled Relations - 

The same panel of three experts was invited to another exercise to perform interrelation 

analysis at the quality factors level. All the possible factor relationships, as shown in Table 3, 

were projected at a display wall. The panel members were asked to assess the relation "cells" 

and provide a score of 0 to 2 where "2" indicates the presence of strong causal relations and a 

"0" the lack of such a relationship. Table 3 lists possible relations among factors and the rating 
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results received. The results are given in Table 4. Table 5 shows the resultant relations inferred. 

Highest and Highest Possible Score 6.0 

Lowest and Lowest Possible Score 0.0 

Total Score 150 

Total Count 120 

Average (Mean) 1.25 

Median 0.0 

Threshold 4.0 

- Table 4: Factor Relations Polling Results - 

Factor Factor 

Involvement Capacity Influences User Friendliness 

Security Influences Maintainability 

Reliability Influences Security and Maintainability 

Integrity Influences Security, Reliability, functionality and Maintainability 

Trustworthiness Influences Functionality, Security, Reliability and Integrity 

Content Adequacy Influences Efficiency, User Friendliness, Functionality and Integrity 

Scalability Influences Maintainability 

Readability Influences User Friendliness 

Standards Conformance Influences Maintainability 

Easy Of Manipulation Influences Maintainability and Scalability 

- Table 5 Finalized Selection of Factor Interdependencies - 

7 CONCLUSION 

This paper has identified and ranked the factors and sub-factors that contribute towards the 

quality of an E-commerce website. Furthermore, the relationships between these factors 

showing which factors influence others have been derived. The results provide an important 

foundation for the understanding of quality in E-commerce websites that will allow developers 

to assess the strengths and weaknesses of their sites in order to know where to focus further 

development to achieve the high quality needed for E-commerce success. 
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