
A Multilingual Automated Web Usability Evaluation 
Agent 

Maysoon Abulkhair 

Ph. D. 

The University of Sheffield 

2004 



A Multilingual Automated Web Usability Evaluation 
Agent 

Maysoon Abulkhair 

A Thesis Submitted for the Degree of Doctor of Philosophy 

The Department of Computer Science 

The University of Sheffield 

February 2004 



Acknowledgment 

All Praise to Allah the Merciful Lord 

I would like to express my appreciation and gratitude to my supervisor Doctor 
Siobhän North for her support, and valuable advice which helped me achieve my 
goal. I am also grateful to both Dr. Nigel Bevan and Professor Mike Holcombe for 
serving as members of my committee. 

I cannot thank my parent enough for their love and continuous support, may 
Allah bless them. 

A very special thank to my husband for his tremendous and endless support and 
encouragement, may Allah reward him for all his efforts. 

I also would like to thank my children Abdullah, Majda, and Maria for being so 
patient throughout my research period. I ask Allah to guide them and help them lead 
a very bright, happy and successful life. 

I am also thankful to my mother in-law, my three sisters, my two brothers, all 
my family and in-laws for their continuous support, love and prayers. 

I would also like to thank Sulaiman Alharbi, Danyah Ismail, Ameen and 
Abdullah Basnawi and Bassam Mashaat for their efforts in distributing the user 
satisfactory testing. 

Finally, I am sure many other people should be acknowledged here as well; to 
my friends, colleagues and those who supported me and helped me in any form, thank 
you so much. 



Abstract 

The research underlying this thesis explored the development of a customised, 
intelligent and automated approach to web usability evaluation. An extensive survey 
of existing web usability evaluation tools was carried out to identify to weaknesses 
that could be investigated. As result three different issues are addressed in this thesis: 

Improving and testing usability guidelines particularly for languages 
other than English; 

- Customising the evaluation; 

- Developing an intelligent (capable of learning) evaluation technique. 

This thesis presents a new methodology that uses agent technology, which can 
act and interact on behalf of its owner (the webmaster), to evaluate web pages. The 
evaluation involves two kinds of customisation, one which reflects the users' tastes 
and the other the aims of the webmaster. 

In investigating customisation of web pages to reflect users' tastes the research 
considered applying this multilingual interface agent approach to the evaluation of 
multilingual pages in scripts other than the usual Latin. But no guidelines appear to 
exist for such scripts thus the first difficulty in assessing non-English web pages is the 
lack of any reliable guidelines. In order to explore multilingual evaluation the 
researcher first had established guidelines and chose to investigate Arabic. As result 
usability guidelines for Arabic were established via usability testing. The guidelines 
are an interesting result of the research in themselves. 

This thesis presents a set of usability guidelines appropriate for evaluating 
Arabic web pages produced by testing 196 Arabic users. Also, it validates some of 
the current usability guidelines for Latin scripts. An interesting variation appeared 
between the presentations of the two dissimilar scripts, these variations affect font 
size, emphasized text presentation, the number of links in the web page and the 
meanings associated with colours. 

The second form of customisation is represented in the ability to modify the 
usability evaluation to reflect the webmaster's preferences. This requires an 
intelligent approach involving learning. Three different kinds of learning were 
considered; fuzzy average learning, fuzzy learning and Q-learning. All are examined 
in this thesis in order to identify the most appropriate approach to apply. As the 
multilingual interface agent learns form its webmaster, Q-learning produced the most 
accurate evaluation. 

This thesis represents a useful first step towards multilingual, intelligent, automated 
web usability evaluation using an agent technique. The automated web usability, 
multilingual interface agent developed can be customised to suit its users and improve 
its evaluation in response to the needs of its owner. 
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Chapter One 

Introduction 

Due to the World Wide Web (WWW) a revolution in computing has occurred; 
data networks have proliferated and are still growing rapidly. Now, almost everyone 
wants the opportunity to use the huge amount of information the Internet provides 
(Huhns and Singh, 1998). Much information is available, but it has been presented in 
a variety of ways and that can affect the web pages' tasks, users and environment. 

In order to achieve a certain degree of success, web developers must plan their 
web sites in two steps: firstly they should identify their development needs and goals; 
secondly, they should create the site specification (Lynch and Horton, 2001; Lengel, 
2002). This specification includes what the developers intend to do, and why. In 
addition they must identify the technology needed to achieve their goals, and estimate 
how long the process will take (Lynch and Horton, 2001; Lengel, 2002). It is 
important to clarify the statement, or the basic idea, behind the construction of a web 
page and to develop consistent web sites and pages (Nielsen and Tahir, 2002). 

Part of the web developers' job is to identify the targeted users and to discover 
their preferences, their likes and dislikes in web page layout. This has a great effect 
on the web page's acceptance (Sklar, 2000; Lengel, 2002); thus it is important to 
construct web pages that match the users' profiles. A wide variety of usability 
guidelines exists and has been established by different authors (Rivlin et al. 1990; 
ISO, 1991; Preece et al. 1994; Shneiderman, 1998; Rigden, 1999; Nielsen, 2000; 
Sklar, 2000; Ivory, 2001; Lynch and Horton, 2001; Ivory and Hearst, 2002; Ivory and 
Hearst, 2002; Lengel, 2002; Nielsen and Tahir, 2002; Rohn et al. 2002; Graham, 
2003), each one of them is concerned with how to achieve the users' satisfaction and 
to present a usable web design. 

Web professionals and experts have developed methodologies to detect web 
design problems and provide alternative solutions. In doing so they must measure 
web pages usability. They suggest different methods for measuring the usability in 
order to simplify and improve web designs (Ivory, 2001). Measuring the usability 
with the variety of methods is useful in discovering different problems in the design, 
since each method has the ability to process only certain criteria. Additionally, some 
of these usability measures are appropriate to investigate design problems only at 
specific stages. 

Despite the work on usability measures, usability continues to be a serious 
problem for web developers. In an effort to address this problem, different automated 
and non-automated methods have been used. Given the vast increase in web pages it 
is only now that it is worth considering automated methods. Automated usability 
evaluation tools are similar to standard evaluation techniques; different techniques can 
discover several different kinds of problem (Nielsen, 1993; Nielsen, 1994; Nielsen, 
1995; Ivory, 2001). Examples of this will be considered later in Chapter 3. 
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In spite of the improvement in automated usability evaluation, the field is still 
under-explored (Ivory 2001). The weaknesses are customisation, intelligence, and 
that evaluation can only be as good as the guidelines it applies. These are the areas 
that will be addressed in this thesis. The issues this study is investigating are: 

- Improving and testing usability guidelines. 

- Customising the evaluation. 

- Developing an intelligent (capable of learning) evaluation technique. 

Ivory (2001) claims that subjective measures such as user satisfaction is 
unlikely to be predictable by conventional automated methods. A customised 
approach is needed to overcome the unpredictable changes in the usability evaluation 
that have not yet been addressed in automatic web usability evaluation tools. Two 
types of customisation will be scrutinised in this research: customisation to the user 
group and customisation in the light of the webmaster's need. 

In examining customisation for users, the researcher considered multilingual 
pages because most users are not English and so it is an obvious area to explore. No 
guidelines appear to exist for other scripts. The first difficulty in assessing non- 
English web pages is the lack of any reliable guidelines (see Chapter 2). One obvious 
weakness of the existing usability guidelines is that they have been designed for, and 
evaluated on, Latin scripts. In order to explore multilingual evaluation the researcher 
first has established guidelines and chosen Arabic to explore because: 

1. It is widely used. Arabic is one of the six official languages 
approved by the United Nations (Nations 1999). 

2. It has a different writing direction with totally different script. 
3. No guidelines exist, which in itself makes it interesting. 

4. No cultural studies exist either. 
The researcher has developed guidelines for Arabic and used them to illustrate 

customisation in automated evaluation for, even though a side effect, the Arabic 
guidelines are in themselves a useful product of the research. 

Lack of intelligence is another weakness of the majority of the existing tools. 
The intelligence is used in learning the webmaster's preferences and is the second 
type of customisation investigated in the study. Different intelligent and learning 

algorithms such as neural network, fuzzy logic, genetic algorithms and reinforcement 
learning are discussed in Chapter 4 and can successfully process individual problems. 
In order to develop an impartial system and to organise the flow and the processing of 
the data, the agent technique is used. Creating an impartial system requires sensing 
the input, processing the problem, producing appropriate actions, and adjusting future 
actions. It can contain one or more intelligent, or learning algorithms depending on 
the agent's targeted goals. In the field of web pages evaluation this seems an obvious 
technique to achieve customisation from the webmaster's point view. 

In this study, several tasks must be achieved prior to the customisation of the 
usability measure such as web metrics computation, reporting the web page usability 
evaluation to the webmaster, learning from the webmaster's feedback for future 
evaluation. Different learning and intelligent algorithms are used to perform the 
usability evaluation and its customisation. The intelligence implemented in this study 
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uses the agent technique to control the performance of the analyses, evaluation and 
customisation of the assessment of the web page. 

Several reasons stand behind the selection of more than one learning approach. 
The most important reason is because this researcher has not come across any 
previous studies that applied the agent technique to evaluate and customise the 
usability evaluation to webmasters' preferences and so the area was open to 
experiment. Additionally, establishing three learning approaches gives the 
opportunity to compare and contrast the agent's learning in order to come up with a 
solid conclusion to identify the most appropriate approach to apply. 

1.1 Outline of the Thesis 

Chapter one contains the Introduction, which describes the problem statement 
and highlights the research goals and rationale. The literature review is divided into 
three chapters. Then two chapters introduce the research methodology, followed by 
the results chapters and finally the conclusion. 

Chapter two discusses the Web Design Guidelines. The discussion of these 
guidelines focuses particularly on the web page aspects under scrutiny in the rest of 
the dissertation. 

Chapter three sheds light on the Usability Evaluation Methods and presents 
several usability evaluation techniques. 

Chapter four provides a background for Agent Technology, and its intelligent 
and learning algorithms. 

Chapter five describes the first part of the research methodology. This chapter 
describes the usability testing steps in detail and contains the specification of the 
questions involved. 

Chapter six, the `Multilingual automated web usability evaluation agent's 
Methodology', explains the second part of the methodology. This part describes the 
evaluation of the fuzzy model, the three learning approaches and the utilisation of 
feedback. 

Chapter seven, `Linking the Web Usability Guidelines with the User 
Satisfaction ; associates the current usability recommendations with the findings from 
user satisfaction to validate the existing guidelines. 

Chapter eight is `Assessing the Agent's Evaluation' and introduces the output of 
the evaluation. This chapter presents the first part of the agent's findings which 
contain the analysis and the evaluation. 

Chapter nine is `Evaluating the Agent's Learning'. It presents the output of the 
agent's three learning approaches and then relates the closest one to the feedback. 

Chapter ten is the 'Conclusion, and gives a comprehensive summary of the 
output of the research accompanied by some suggestions for future work. 
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Chapter Two 

Web Usability Guidelines 

2.1 Introduction 

A wide variety of usability guidelines exist, and has been established by 
different authors (Rivlin et at. 1990; ISO, 1991; Preece et at. 1994; Shneiderman, 
1998; Rigden, 1999; Nielsen, 2000; Sklar, 2000; Ivory, 2001; Lynch and Horton, 
2001; Ivory and Hearst, 2002; Ivory and Hearst, 2002; Lengel, 2002; Nielsen and 
Tahir, 2002; Rohn et at. 2002; Graham, 2003). Each one of them focuses on how to 
satisfy users by presenting a usable web design. These guidelines address a wide 
range of web page design issues starting from the browser's title to the detail of web 
page features (Ivory, 2001). However, there is little consistency or overlap among the 
abundant usability guidelines (Ratner et at. 1996; Ivory, 2001). Additionally, 
contradictions exist between guidelines, which might be because of their different 
ages, the changes in the technology or because they might be appropriate only for 

specific group of users. 

This chapter presents a set of relevant guidelines based on current usability 
studies and experts' recommendations in addition to other common recommendations 
for legible web interfaces. The aim of reviewing the usability guidelines literature is 
to quantify them, to determine their importance, and to focus on their relationships. 
The usability testing presented in Chapter 5 was used to validate a subset of the 
guidelines, and Chapter 7 to demonstrate the improved guidelines. 

Each section in this chapter begins with a review of the common usability 
recommendations. These recommendations are followed by a discussion which 
compares different quantitative measures of the guidelines. 

2.2 Web Page Scanning 

Because of the massive variety of data that users can view in the WWW, users 
are accustomed to quickly scan web pages instead of reading every part of them 
(Nielsen, 2000; Sklar, 2000; Nielsen and Tahir, 2002). The first, and most important, 
aspect the users perceive is any oddities in the design (Sklar, 2000; Lynch and Horton, 
2001). In other words, the web developer should be aware of colour combinations, 
the balance among different aspects, alignment and scrolling (Lengel, 2002), since 
they affect the scanability. Observing and scanning the content of the web page is 
performed in sequences of steps illustrated in Figure 2.1. 

4 



Visual scanning and page structure 

Pough visual scanning Finer scanning Start reading headers 

' ý ' ýýý' iii iii iiii i 

: ýý A_: . 

ýIIIIIIIIIIIIDIIIIIilillllllllllý x Headline words 

Figure 2.1: Users' Scanning Structure (Lynch and Horton, 2001) 

Furthermore, web page consistency will affect readability. If the presentation of 
different web page components is not well organized, readability is reduced (Lynch 
and Horton, 2001). The basic concepts behind the construction and organisation of 
the data should be considered in order to produce a readable web page and to attract 
the users' eyes to certain data enclosed in the web page (Lengel, 2002). 

2.3 Titles and Web Design Guidelines 

The web page title is an important element in the web design as pointed out in 
(Ivory, 2001). Web pages differ from the usual printed pages because they are built to 
be searched; therfore their titles should be carefully selected to make them meaningful 
(Nielsen, 2000). The title is the first item that appears in the web browser window, it 
is considered as the main references to the web pages, and it can be used in the 
bookmark list and the history list (Nielsen, 2000; Nielsen and Tahir, 2002; Nielsen, 
2003). On the web, users are always expected to scan rather than read (Nielsen, 2000; 
Nielsen and Tahir, 2002; Walton and Vukovic, 2003), consequently web titles should 
have limited length and be descriptive of the page's content (Nielsen and Tahir, 2002; 
Nielsen, 2003). Long web titles are useful for search engines but not for users; for 
this reason web usability experts do not recommend long titles. In order to 
successfully select the web page title experts offer some guidelines developers should 
follow. 

- The ideal web page title length should be between 40 and 60 characters 
(Nielsen, 2000). 

- Web page titles should not be more than 64 characters (Nielsen and 
Tahir, 2002). 

- Web page titles should have two to six words (Nielsen, 2000; Ivory, 
2001). 

- Window titles should contain no more than eight words (Nielsen and 
Tahir, 2002). 

- Web page titles should not contain words such as ". com, online, 
homepage and etc. " (Nielsen and Tahir, 2002). 
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- Window titles should not start with words like "The" or "Welcome to" 
(Nielsen, 2002). 

The first two guidelines are approximately compatible with each other; 
however, there is a difference between the third and the fourth guidelines. These 
differences were investigated by user satisfaction to produce impartial web title 
principles. 

The above guidelines are intended to apply to the window or browser title, 
which can be extracted from the title tag in the HTML source code, and do not refer to 
the title of the document. The title of the web document or the main heading, which 
is located in the upper part of the web page, should also be carefully chosen as it is 
important to the reader but there are no specific guidelines that characterise web 
document titles in the literature. Research into this issue appears in Chapter 7. 

2.4 Colour Combination and Web Usability Evaluation 

Web users can view web pages through different screens with different facilities 
and which affect the appearance of colours. There are more than sixteen millions 
colours available to the vast majority of web users (Kerr, 2001), but many users can 
only view web pages on monitors with 256 colours (Lynch and Horton, 2001). These 
colours are supported by different graphics format like GIF, and also some of the 
major web browsers, for instance Internet Explorer and Netscape Navigator, 
effectively support them (Kerr, 2001; Antonacopoulos and Karatzas, 2002). They 
utilise colours as two different groups: the first one contains 40 different colours used 
by the operating system for icons and buttons. The other 216 colours can be used by 
the web designers and are called the safe-browser colours (Rigden, 1999; Sklar, 2000; 
Kerr, 2001). 

Users' colour monitors are based on Cathode Ray Tubes (CRTs) which transmit 
light and use the Red, Green and Blue (RGB) additive colour model to display the 
colours used in the web design (Lynch and Horton, 2001; Antonacopoulos and 
Karatzas, 2002). In the RGB model the three basic colours can each have a value 
which varies between (0-255), and an individual colour is created by adding the 
values of the three different base colours. 

Several colours can be chosen for each web design, and these colours can affect 
the usability of the web page, i. e. the selection colours can undermine or promote web 
design usability (Wilding, 1998). 

The web designer should be careful with the text and background colour 
combination, as this too can affect the colour usability rate. Many web design experts 
recommend having a high contrast between the text and the background colour 
(Rigden, 1999; Nielsen, 2000; Nielsen and Tahir, 2002), or at least using sufficient 
contrast to ensure that the human eye can distinguish the difference between them 
(Sklar, 2000; Kerr, 2001; Lynch and Horton, 2001; Badre, 2002). 

The colour contrast can help web developers to determine the details of the 
information perceived by the users (Mooney, 1998). Changes in the colour contrast 
flow between the text and background can reduce the users' concentration in 
extracting useful information from the less important data (Laurel, 1990; Head, 1999). 
The right selection of colour contrast can simplify the search process for the users 
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(Head, 1999) too. In order to determine efficient and effective colour contrast, several 
guidelines have been published which might help. These guidelines involve the 
number and type of colours within a web page and how they can influence the web 
page's usability. 

Colour usability guidelines are a collection of different experts' viewpoints. 
They do not always agree. The conflicts are related to the age of the usability 
principles, the task served or cultural issues. The following are some of the colour 
usability principles, those that deal with the colour contrast between text and 
background colours. 

- Get maximum contrast and the highest possible readability by selecting 
white background with black text (Shneiderman, 1998; Rigden, 1999; 
Nielsen, 2000; Ivory, 2001; Ivory and Hearst, 2001; Lynch and Horton, 
2001; Lengel, 2002; Nielsen and Tahir, 2002) as many users with slight 
deficiency eye problems can at least recognise the difference between 
these two colours. 

- Get less contrast and high readability by using any dark text colour over a 
white background (Nielsen and Tahir, 2002). 

- The combination of a light text over a dark background has lower 
readability than the opposite. This combination selection is not 
recommended by many web usability experts (Rigden, 1999; Nielsen, 
2000; Nielsen and Tahir, 2002), even though it was given the highest 
usability rate and recommended by (Rivlin et al. 1990; Preece et al. 1994). 

- Select colours with sufficient contrast and which can be read by as many 
users as possible with different vision deficiencies (Sklar, 2000; Lynch 
and Horton, 2001), because similar intensities are harder to read (Dix et 
al. 1998). 

- Avoid red and green, pink and green and blue and yellow colour 
combinations because they affect the readability of the web page in 
general and it might be impossible to read for colour blind users (Nielsen, 
2000; Lynch and Horton, 2001). 

- Avoid light text on a light background and dark text on dark background 
(Sklar, 2000). 

It is clear that there is contradiction between number one and number three; 
therefore, this was tested by experiment. 

After web designers have managed to select an efficient colour combination, 
tuning these colours within the web page is necessary to attract the users' eyes to the 
most important data in the web page. The colour alterations can add accent and 
interest to the display if, and only if, the number of colours and their combination are 
within reasonable bounds. The following are some of these recommendations. 

- Minimize the number of colours used in the web page design (Ivory, 2001). 

Use conservative amounts of colour in each design because many colours 
can increase the search time (Preece et al. 1994). 

- Limit the numbers of colours to four in a single display (Shneiderman, 
1998). 
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-A good page measure is to have one to three colours within the weh page 
(Ivory, 2001). 

- Many colours can distract users from the content (Sklar. 2000). 

It is obvious that there is difference in the range of colours that they recommend 
each web page should have. But all of them agree that too many colours could ruin 
the web design. Colour utilisation is not limited to aesthetics, adding interest fier the 
users: instead they have different emotional meanings in different cultures (Mooney. 
1998: Shneiderman. 1998). 

Man- of the previous colour guidelines are based on uncertain mcasurenunts, 
which makes them hard to evaluate. Also, because of the importance of the colours 
and the disadvantages of not using them properly, this research covers this weh design 

aspect in more detail in the fuzzy colour model (Ahulkhair and North. 2003) 

associated with user satisfaction. 

After the immediate user recognition of' the colours utilised in the weh page, 
users scan the text. Usually, the scanning process starts from the upper part of' the 

web page and moves downwards as explained in the next section. 

2.5 Text Effects (Bold, Italic, Underlined) 

I. sers can traverse web pages in several Nays depending on their reading habits 
(Sklar. 2000). The track of users" eye movements can be classified either into a 
normal reading style starting from left to right and back again (see I figure 2.2) or as 
clockwise pattern (see Figure 2.3) (Sklar, 2000). 
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Figure 2.3: Clockwise pattern for web viewing 

In both cases the users scan the web page from top to bottom searching for the 
desired data by concentrating on the emphasized text, which can he indicated by bold. 
italic. underlining, changed font size, face. colour or alignment. Each of these aspects 
has its own guidelines to improve its usage. Sonne of them are widely recommended 
whereas others are not. For instance, the use of bold text is recommended because it 

stands out from the rest of the text (Lynch and I lorton. 2001). The guidelines for 

selecting the colours have been mentioned earlier. The f llowing guidelines will 
discuss each aspect separately. starting with the hold text guidelines: 

- Boldface text can be easily noticed and read from the screens (Lynch and 
Horton. 2001). 

- Too much hold text lacks contrast and loses efficiency (Lynch and 
Horton. 2001). 

Bold text gives an impression of a loud voice, and the redundant boldface usage 
is like shouting to the users. The developers should be careful when selecting the 

amount of boldface text. 

Developers always want to attract users attention so they might use italic text 
for emphasis because it looks attractive in printing and it contrasts in shape from the 
other text in the weh document (Lynch and Horton. 2001 ). I lowever, italic thee text 
has a different appearance on the screen and because different screens have different 
resolutions. mare web usability experts such as Nielsen. Sklar, Ivory. Lynch and 
I lorton do not recommend the italic face text. for it also reduces web readability. The 

experts recommendations for italic face usage can be summarized as follows: 

- Avoid setting large blocks of text in italic (Lynch and Horton. 2001). 

- Italic text is hard to read in paragraph format (Sklar. 2000). 

Avoid using italic text (Ivory. 2001). 
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The limit for the permitted amount of italic text contradicts with the third 
recommendation, because Ivory does not recommend the usage of the italic text. The 
determination of the amount of the italic text was decided after the user satisfaction. 

Underlined text has special meaning in web documents because it represents 
hypertext links in many web browsers. Many web experts do not recommend using it. 

- Avoid using underlined text (Ivory, 2001). 

Users can mix up the underline text with the hyperlink text (Lynch and 
Horton, 2001). 

All the web experts' efforts aim to avoid confusing the users and to simplify the 
web content in order to increase the readability and accessibility of the desired 
information. As the users move to the reading stage, their eyes start to notice the 
more detailed specification including the font and text alignment. The underlying 
guidelines for these aspects will be discussed in the next two sections. 

2.6 Font Specifications 

Text plays an important role in making data available to the users, it involves 
two major issues: text content and text presentation. The presentation of text can be 
more important than the content, because even though web pages might have valuable 
data, poor font selection can deter users completely. There are some basic guidelines 
for producing efficient and effective fonts. These guidelines involve font colour, 
which was mentioned earlier, and face, size, capitalization, and alignment which will 
be discussed in the next sections. 

2.6.1 Font Face Guidelines 

Some font faces are hard to read on normal screens and some typefaces are 
more legible than others (Lynch and Horton, 2001). Also, some of these typefaces are 
legible in printed document but not on all screen resolutions. For example, Times 
New Roman is one of the most legible font faces on paper but on the screens its size 
looks small and its shape not as clear as it should be for maximum readability (Lynch 

and Horton, 2001). Font face guidelines can be summarised by the following: 

- Use sans-serif font face for the small text size (Nielsen, 2000; Ivory, 
2001; Lynch and Horton, 2001). 

- Use serif typeface for the bigger text such as heading (Nielsen 2000; 
Ivory, 2001; Lynch and Horton, 2001). 

- Use serif font for faster reading (Ivory, 2001). 
- Use Time New Roman for long documents that need to be printed (Lynch 

and Horton, 2001). 
- Georgia and Verdana offer excellent legibility for web pages (Ivory, 

2001; Lynch and Horton, 2001). 
- Use Verdana or Arial for headlines (Lynch and Horton, 2001). 

- Use Georgia or Time New Roman for the body text (Lynch and Horton, 
2001). 
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- The typeface choice should be based on the amount of web page content 
(Lynch and Horton, 2001). 

The above guidelines favour the use of some font faces rather than others, 
because the character spacing in the recommended font is wide enough to be easily 
distinguished and read. The selected typeface should always be based on a font face 
designed for the computer screens (Ivory, 2001). 

The number of the typefaces selected should not exceed two as pointed by 
(Ivory, 2001; Lynch and Horton, 2001), one for the headings and the other for the text 
body. Also, usability experts recommend using one or two different typeface families 
(Ivory, 2001). 

2.6.2 Font Size Guidelines 

The size of the font is important to fast scanning. The appearance of the font 
size differs from one browser to another, each of them has its own default font size 
(Lynch and Horton, 2001). Also an associated style sheet can affect the look of the 
font size. In order to achieve an appropriate layout with a specific font size for users 
with average vision, usability experts recommend the following: 

- Use font size 14 point (or higher) for headings and displaying text (Ivory, 
2001; Lynch and Horton, 2001). 

- Use font size 12 point for body text (Ivory, 2001; Ivory and Hearst, 2001; 
Lynch and Horton, 2001; Lengel, 2002). 

- Font size 10 and 11 point for the body text (Ivory, 2001). 

In the above guidelines the font size in the body text varies from 10 to 12 point, 
depending on the underlying text's purpose. For instance, the footnotes should be the 
smallest font size, and the body text should be larger, etc. 

2.6.3 Capitalize Guidelines 

Some web developers rely on capitalized text to draw the users' attention 
toward a specific point as readers can recognize text in two ways, either by scanning 
the letters, or by recognizing the shape of the whole word (Lynch and Horton, 2001; 
Badre, 2002). However, capitalizing the text reduces web page readability, since the 
text appears as one block and the readers cannot distinguish different characters 
easily. This causes some difficulty in scanning it (Nielsen, 2000; Lynch and Horton, 
2001; Badre, 2002; Nielsen and Tahir, 2002). Figure 2.4 illustrates the difference 
between the two letters' cases. 

Thus, the majority of web usability experts do not recommend use of capital 
text even for small paragraphs (Nielsen, 2000; Ivory, 2001; Ivory and Hearst, 2001; 
Lynch and Horton, 2001; Badre, 2002; Lengel, 2002; Nielsen and Tahir, 2002). Users 
read all capitals text slower by ten percent than mixed cases (Nielsen, 2000). The 
following guidelines relate to capital font utilisation. 
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Figure 2.4: Differences of Letters' Cases (Lynch and Horton, 2001) 

- Avoid using all caps text (Nielsen, 2000; Ivory, 2001; Ivory and Hearst, 
2001; Lengel, 2002). 

- The usage of text in capital case can be one or a few words (Badre, 
2002). 

- Titles, headings and subheadings can be presented using a few words in 
capital case (Badre, 2002). 

- Avoid uppercase letters except for short headings (Lynch and Horton, 
2001). 

- Use uppercase letters sparingly or not at all (Nielsen and Tahir, 2002). 
All the previous usability studies do not recommend the use of uppercase letters 

or restrict them to a few words if necessary. Capitalized text has a bad impact on 
readability and it makes the web pages look busy and loud (Nielsen and Tahir, 2002). 

In reading capital text the users need to read letter by letter which is 
uncomfortable and more time consuming than mixed cases. All capitalized texts are 
considered as obstacles to fast reading. 

All the font features should be carefully chosen to develop an efficient web 
page. Most of the guidelines do not recommend overuse of different fonts, but neither 
do they suggest any minimum number. By considering the minimum number of 
different features to be one, the researcher has run an experiment to determine the 
impact on users when using various numbers of fonts. The details and the result are 
discussed in Chapter 7. 

2.7 Alignment Specification 

As illustrated in Figures 2.2 and 2.3, users always scan from left to right (in 
English or other left to right languages (Sklar, 2000)); and if they start to read they 
look for the beginning of each line. The alignment of the text is very important in 
speeding up the users' reading and improving their ability to locate the desired piece 
of information. The following are some of the web usability guidelines for the text 
alignment. 

- Web documents will suffer from using justified format (Lynch and 
Horton, 2001). 

- Right and centred text alignments are both hard to read (Lynch and 
Horton, 2001). 
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- Centred and right text alignment should not be used for blocks of text 
(Nielsen, 2000; Ivory, 2001). 

- Left justified is the most useful alignment and it is widely recommended 
(Ivory, 2001; Lynch and Horton, 2001). 

The first guideline with respect to justification has several explanations. Firstly 
the text will appear as one block which can delay the reading process (Lynch and 
Horton, 2001). Secondly, justifying the text in web pages causes poor web page 
layout because of the word spacing problems it causes (Lynch and Horton, 2001). 
Users must search for the beginning of each line in the right and the centred alignment 
justification (Lynch and Horton, 2001). 

A reasonable web heading justification that matches each of the above 
recommendations will be: 

- Centred heading alignment for the justified text (Lynch and Horton, 
2001). 

- The best heading position is left alignment for the left justified text 
(Lynch and Horton, 2001). 

- Centred and right heading alignment with the left justified text makes the 
display unbalanced (Lynch and Horton, 2001). 

- Centred and right heading alignments are acceptable for a few lines 
(Nielsen, 2000). 

All the previous guidelines indicate that right and centred text alignment can 
make the web document margins ragged, which makes them hard to read (Ivory, 
2001; Lynch and Horton, 2001). Left justified is the most commonly recommended 
alignment for both the text and headings and also for making a consistent web 
document layout. But these guidelines will have to be tested to study their impact on 
the Arabic web documents. 

2.8 Link specification 

Links and their features differentiate web pages from the conventional printed 
documents. In the related literature there is no specific number of links each web 
page should have (Ivory, 2001). However, Nielsen recommends the minimization of 
links within a page (Nielsen, 2000) because the users might get confused with the 
outbound links. In other words, users might think that each link will take them out of 
the page they are scanning. The outbound links should be limited to the most relevant 
sites and not to all possible alternative sites in the web (Nielsen, 2000), since too 
many links of this kind can distract the users from the information provided in the 
web page. 

There are many restrictions on the content of each link since, as pointed by 
(Ivory, 2001), the words contained in the linked text affect the information and 
navigation design. These restrictions involve the length of the text in a single link, the 
text content and the link colour. The following guidelines summarise these 
restrictions. 

- Use two to four words in text link (Nielsen, 2000). 
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-A good page has one to three words in each link (Ivory, 2001). 

- Links in a good page do not contain stop words (Ivory, 2001). 

- Avoid using (click, click here, more and etc. ) (Nielsen, 2000; Ivory, 
2001; Lynch and Horton, 2001; Nielsen and Tahir, 2002). 

- Use default browser colour for colouring the links (Nielsen, 2000; Ivory, 
2001). 

- Mark the visited links with a different colour to the unvisited (Nielsen 
and Tahir, 2002). 

It is clear from the above link guidelines that all of them aim to produce 
meaningful descriptive links. 

2.9 Line Length Specification 

As users find the web content interesting and their eyes sweep over the page, 
they can take in most of the web page content (Sklar, 2000) if the line length is 
reasonable. That means the line length should be short enough to retain the users' 
eyes, because long lines might make them lose concentration in scanning. The ideal 
line length for text layout is based on the physiological features of human eyes (Lynch 
and Horton, 2001). There is a certain vision arc, limited to few inches, that users can 
easily scan without either moving their neck or overworking their eyes muscles 
(Lynch and Horton, 2001). There are some usability guidelines that help in 
structuring web page lines: 

- The line length should not be more than 35 characters for web pages 
intended to be scanned (Badre, 2002). 

- Use up to 75 characters for web pages that need to be read word by word 
(Badre, 2002). 

- Use about ten to twelve words per line (Lynch and Horton, 2001). 

- The best line length for readability is 10 to 12 words per line (Lengel, 
2002). 

A moderate line length can significantly increase the legibility of the web page, 
because if the users' eyes traverse large distance on a page, they are likely to lose the 
continuity in scanning (Lynch and Horton, 2001). Also, users need to hunt for the 
beginning of the next line each time they change line (Lynch and Horton, 2001) and 
lines that are bigger than the actual screen width require users to scroll horizontally, 
and produce an inconvenient display. 

Horizontal scrolling is one of the most important features that web developers 
should avoid in their design. Many authors agree that horizontal scrolling has a 
negative impact on the usability rate (Lynch and Horton, 2001) and has been 
described as annoying feature (Sklar, 2000). It increases the users' memory load 
(Nielsen, 2000; Lynch and Horton, 2001) and users will miss seeing the content that 
scrolled off the screen (Lynch and Horton, 2001; Nielsen and Tahir, 2002). 
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2.10 Page length Specification 

Researchers have noticed that vertical and horizontal scrolling both reduce weh 
usability for reasons mentioned earlier. Additionally. with vertical scrolling users can 
lose the structure of the document because they might see different screens with 
different data content (Lynch and Horton. 2001) as they scroll downwards. I lowever. 
these difficulties can he reduced. if the developers manage to organise their screen's 
display. There are some guidelines for managing the length of the weh pages. 

- Create a friendly web page by adding -Jump to top of the page" after 
each section end (Lynch and Horton. 2001). 

- Divide the web page into sub-pages that each carry certain topic (Lynch 
and Horton. 2001). 

- Give the users a chance to navigate the content by providing a menu 
(Nielsen. 2000. Lynch and Horton. 2001). 

The latest is a useful guideline, which can build a strong visual structure and 
add contrast to the display (Lynch and Horton. 2001). Using menus to organise the 
web pages make the information easier to locate and increases the page's legibility 
(Lynch and Horton. 2001 ). Figure 2.5 illustrates one of the menu organising 
methodologies. 
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Figure 2.5: Vertical Menu Organisation of a Web Page 

Ihere are different wwa\s of implementing menus in the web. The menu 
presented in Figure 2.5 is a vertical menu presentation. whereas horizontal 
presentation is illustrated in Figure 2.6. Menus can appear as hy perlinks located at the 
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beginning of the web document and this type of menu reflects the content ofthe weh 
page by summarising its headlines. 

I 

Figure 2.6: Horizontal Menu Organisation 

In addition to the contribution in establishing a Ntiell organised weh page, menus 
can provide coherence for long weh pages. This can keep the users avvare of the 

whole information supplied by the weh pages. 

Finally, the web page design should be consistent and that involves balancing 
the overall layout. In other words, different web page components should he selected 
to present the information and, at the same time. each web component should he 

properly placed to attract users. 

2.11 Web Contents and Users Attention 

Web developers should be aware of some web aspects that might decrease the 
usability of their web pages because there are man,, other components in the web 
pages that might distract users from the main web content. In order to attract the 
users attention to the information provided in the . eb page, web developers should be 

careful when utilising images. frames, animated and blinking texts, etc.. The next 
section will discuss different web experts' views on dealing with web aspects that 
distract the users' concentration from the web content. 

2.11.1 Advertisements 

As vv eh pages may be hrovvsed hv large number of users many companies vunt 
to have a chance to attract advertising revenue. They divide their weh pages into 
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different sections and one of the section is used for advertisements throughout. I )sers 
seem to be annoyed by advertisements and have learned to ignore them (Nielsen and 
7 ahir. 2002). But if the developers insist on including the advertisements within their 
weh pages. they should reserve a special places for them, such as a Kanner area. and 
never place them next to important weh page content (Nielsen and l ahir. 2002). 
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Figure 2.7: Some Advertisments Ar eas 

Furthermore. the developers should explicitly point to the advertisements ii they 
do not place them in well-known areas often used for advertisements, to let the users 
easilv distinguish them from the main weh content (Nielsen and I'ahir, 2002). Popup 

wti indows advertisements are considered to he one of the vvorst choices because they 
keep the users out of the page and distract their attention from the main content 
(Nielsen and Tahir. 2002). 

2.11.2 Images 

There is a saying that an image is worth a thousand words. but this might not 
apply in web pages because the image might take two thousands words of download 
time (Nielsen. 2000). Different solutions can he applied to solve the image download 
time problem: some of these solutions are: 

- Produce small versions of images (Nielsen, 2000). 

- Divide a document containing many images into several documents 
containing less images (Nielsen. 2000). 

- Provide a text alternative for each image. 

All the above solutions participate in minimizing the web page's download 
time. and this has an impact on usability. Users are accustomed to quickly browse 
weh pages and do not like to wait even a few seconds. Developers should remember 
that steh users do not have patience. Animated images and blinking and animated 

17 



text, all require more concentration and time from the users in order to recognise the 
message they intended to convey. 

2.11.3 Frames 

Frames allow web developers to divide the web page into several sections with 
each section holding different pieces of information which might be related with one 
another. Thus, frames can distract the users' attention from the main information. 
Also, web browsers cannot appropriately print web pages which have more than one 
frame (Nielsen, 2000); and each frame has its own HTML source code. Search 
engines have difficulties in indexing the web page containing more than one frame 
(Nielsen, 2000). To browse each frame users have to scroll each frame separately and 
if they are not familiar with frame systems that will irritate them. 

In order to produce a highly rated web page without annoying the users, 
developers should exchange the frames for other ways of organising their information. 
Most of the above difficulties can be overcome by substituting tables for frames or 
organising the information differently by separating it into several web pages. 

Web usability experts' recommendations are aimed at producing web pages 
which are legible and convenient for the users to navigate. The usability guidelines 
are based on three aspects: efficiency, effectiveness and user satisfaction. Any 
component that might break the users' concentration or divert them away from the 
main information is not recommended by web usability experts. 

2.12 Conclusion 

This chapter has presented a view of the main features in developing a readable 
web page. The presentation quantifies the web aspects including the text on the page, 
colours, fonts, images, page length and width, and the number of links. Quantifying 
the web aspects measures determines the relationship between different usability 
guidelines, which give the web developers the ability to select what is best suited for 
their users. The quantification of web aspects makes it possible to develop an 
automatic usability measuring approach, described in Chapter 6 Section 6.5.1, that has 
the ability to evaluate the web pages. 

Consequently, later chapters use the web aspects quantification presented above 
to control the evaluation of web pages, and Chapter 6, Section 6.5.2 describes the 
utilisation of these measures. Chapter 7 links some of these guidelines and the 
findings of the usability testing, while the next chapter presents various methods for 
measuring and evaluating usability. 
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Chapter Three 

Usability Evaluation Methods 

3.1 Introduction 

An interface is the link between the users and the system or the product. In 
other words, the interface represents the user interaction with the system in order to 
achieve some goals. In general the computer interface is what the users see and work 
with when utilising a specific software product. Computer interfaces are considered 
to be a vital factor that can be effective or ineffective, efficient or inefficient and that 
help or hinder the increased utilisation of any products (Hackos and Redish, 1998). 
Designing an effective interface is a complex task and it does not happen by chance 
(Sun, 2001); rather it needs a lot of effort to identify a good interface specification. In 
order to achieve this specification the designers should understand the users of a 
specific product, the environment the users work in and with, in addition to 
identifying the targeted tasks for the interface (Hackos and Redish, 1998). 
Recognising these three interface aspects is considered to be the main factor in 
accomplishing a good interface. So, a good interface should understand the language 
the users speak, the users' culture, the users' thoughts, habits and physical capabilities 
(Hackos and Redish, 1998). 

The environment can affect the interface presentation. The interface must be 
applicable for the screen type and must consider the surrounding area of the users in 
the design. The tasks embedded in each interface also influence the interface design. 
These three interface aspects are discussed in detail later in this chapter. 

3.2 The Users as an Interface Aspect 

The users are considered to be one of the three most important aspects of the 
interface design. Sklar (2000) and (Lengel, 2002) pointed to the importance of 
identifying targeted users' needs and profiles in order to increase the efficiency of the 
interface design. The users' profiles should ideally be a vital description of the users' 
skills, knowledge, demographic information etc. (Rubin, 1994; Badre, 2002). 
Generally, as pointed out by Rubin (1994) and Badre (2002), the user profile can be 
characterised as: 

- Physical history: 

Users may have some physical challenges which prevent them from easily 
accomplishing their targeted goals. These challenges can be addressed 
either individually or by different approaches for different groups. 
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- Personal history: 

This contains information about the user, such as the mother language and 
the other languages he/she might read and understand. The user's personal 
history might also contain information such as age, gender, left or right 
handedness and culture. The user's culture has a major effect on the user's 
tastes, which in turn affect the user's habits in reading, working etc. 
(Hackos and Redish, 1998; Badre, 2002; Lengel, 2002). The user's attitude 
toward computers is significant, too. Additionally the user's profile might 
contain the user's learning style, that is the user's habits in learning 
(Hackos and Redish, 1998; Badre, 2002). Lack of experience with 
computer systems affects the users' learning to some extent (Nielsen, 
1993). For instance, some users prefer to read then do, others might prefer 
to try and then read, thus learning by doing (Rubin, 1994; Badre, 2002). 

- Education history: 

This refers the user's educational level, such as the highest grade 
completed, subject studied, primary education etc. The users' education 
affects their understanding of the interface irrespective of its presentation. 
The interface appropriate for the primary education users differs from that 
for users with higher education, as a result of the differences in their 
knowledge (Hackos and Redish, 1998; Badre, 2002). 

- Computer experience: 
The users' experiences with the computer can be classified into four 
categories; novice, intermediate, experienced, and expert (Hackos and 
Redish, 1998; Badre, 2002). These categories are measured on the basis 
of the total time the users interact with the computer. Habitual use is 
considered better than infrequent use (Rubin, 1994). Lack of experience 
when using the computer systems affects the user's learning to some 
extent (Nielsen, 1993). 

- Occupation history: 

The user's current and past jobs and responsibilities are important since 
the interface requirements for software will vary to accomplish the goals 
of dissimilar companies' or departments (Nielsen, 1993; Rubin, 1994; 
Badre, 2002). 

In general, identifying the users' characteristics and needs helps in developing a 
more effective and efficient design (Hackos and Redish, 1998). 

3.3 The Tasks as an Interface Aspect 

Each interface design involves several tasks. The main goal, embedded in every 
interface design, is to reach the highest performance from the users actually using the 
current interface (Rubin, 1994). However, a web interface has some other goals 
stated by (Badre, 2002) as: 

- Providing consistent information for all users. 

- Providing reliable and accurate information. 
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- Providing a continuous access to the web site or page. 

- Providing communication tools for the users. 

- Supporting the users with activities that operate within the web 
environment. 

- Providing a searchable web site. 
All the above sub-goals work together cooperatively to produce an effective and 

efficient web page. Their aims are to assist the users. 

3.4 The Environment as an Interface Aspect 

Users perform their work individually but not in an isolated environment 
(Hackos and Redish, 1998) since they are influenced by the activities around them, 
other users working with them and the type of equipment they are using (Hackos and 
Redish, 1998). Thus, the environment is divided into two basics categories: 

- Physical environment 
The physical environment represents the physical equipment the users 
work with, screen size and type, mouse, other audio devices, etc. (Hackos 
and Redish, 1998). Additionally, the space in which the users function, 
work and interact with the interface is the actual physical environment 
(Badre, 2002). The users' physical environment affects what the users hear, 
see and in case of a touch screen. Consequently, they have substantial 
effects on the success of an interface design (Hackos and Redish, 1998). 

- Cognitive environment 
Despite the possibility that multiple users share the same physical space, 
each of them has his/her own cognitive environment (Badre, 2002). The 
cognitive environment is classified into the social and cultural 
environments. The social environment means that either the user works 
within a small group or in a larger group; this is relevant as a co-worker or 
customer might make the use of the interface difficult (Hackos and Redish, 
1998). For instance, the user can be frustrated or embarrassed when the 
interface identifies him/her, to a co-worker, with beep sound as an 
indication of error. 
The cultural environment is not restricted to the ethnic, national or 
geographic location of the users using the interface design. However, it 
extends to include three essential elements: religion, language and cultural 
values (Czinkota and Ronkainen, 1996; Nassif, 2003). The cultural 
environment, with its three common elements, influences all aspects of 
users, since it affects verbal and non-verbal communication and the way 
users behave, think, learn, read, etc. (Nassif, 2003). It is necessary to 
consider all three cultural elements when creating a multilingual interface. 
Sun (2001) insisted in localising multilingual web interface to guarantee its 
cultural elements. Localisation is not limited to translating the content, but 
includes changing the graphics, colours, symbols, writing direction, time 
and date format (Sun, 2001). 
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All the above interface aspects must be considered in order to produce a high 
standard of interface design. The following section will shed some light on the 
meaning of usability, usability evaluation and the instruments developed by different 
researchers to measure usability. 

3.5 Usability 

The importance of the user interface increased significantly when the personal 
computer revolution started. Consequently, different slogans have been coined to 
describe this, but the most important one was the term "user friendly" (Bevan et al. 
1991; Nielsen, 1993). All the slogans indicate offering the maximum use of the 
computer system or product, in other words they aim at making the systems usable. 
Thus, the usability can be applied to all aspects of a system with which a human can 
interact starting from the installation to the maintenance (Nielsen, 1993). Several 
fields have been involved in studying usability such Computer Human Interaction 
(CHI), Human- Computer Interaction (HCI), User- Centred Design (UCD), Human 
Machine Interface (HMI), etc. (Nielsen, 1993). These different fields have 
contributed in making the computer products usable and to the accepted definition of 
the term usability. 

It is important to realise that the usability is not a one-dimensional concept; 
instead, it contains multiple attributes as described by (Nielsen, 1993; Rubin, 1994; 
Badre, 2002) learnability, memorability, efficiency, satisfaction and errors. The 
learnability of the system means it should be easy to adapt to so the users can rapidly 
establish themselves users of the system. The system should be easy to remember 
even after a period of time away from it. Efficiency means that regular users should 
get the maximum productivity of the system after learning it, and they should be 
satisfied with their results. Also the error rate should be low in order to retain the 
users' satisfaction. 

One of the first usability definitions having been established by (ISO, 1991) for 
software quality, defines the usability as a set of attributes. However, a more precise 
usability definition selects certain usability attributes and is stated by (Bevan et at. 
1991; ISO 1991; Law and Hvannberg, 2002) as: 
"The effectiveness, efficiency and satisfaction with which specified users can achieve 
specified goals in a particular environment" 

This usability definition is considered important since it contains three vital 
goals every system developed aims to achieve. Another definition of usability is 
provided by Metrics for Usability Standards in Computing (MUSiC) (Bevan et al. 
1991), and is based on the acceptability and learnability. The MUSiC definition is: 

"The ease of use and acceptability of a system or product for a 
particular class of users carrying out specific tasks in a specific 
environment; where `ease of use' affects user performance and 
satisfaction, and ̀ acceptability' affects whether or not the product is 
used" 

This definition includes the effectiveness and efficiency, but they are described 
differently. The effectiveness is represented in the `ease of use', as described in the 
MUSiC definition, and the efficiency is the users' performance. The user satisfaction 
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is shared by both definitions. Therefore, the (ISO, 1991) definition is more 
descriptive than the other. 

3.6 Usability Evaluation 

Measuring the effectiveness, efficiency and satisfaction of the interface usability 
is called the usability evaluation. Usability evaluation is an important interface design 
process (Ivory, 2001) because of the great benefits of discovering the problems of the 
design and of allowing a better understanding of the targeted users (Nielsen, 1993). 

3.6.1 Usability Evaluation Process 

Usability evaluation involved many activities that should be performed as part 
of the usability evaluation process. This process is made up of several tasks that 
involve one or more of the interface aspects mentioned in Sections 3.2,3.3 and 3.4. 
The usability evaluation process starts with specifying the usability evaluation goals, 
these being applicable at any stage of the design. The following are typical usability 
evaluation goals: 

- Specifying user interface requirements (Ivory, 2001). 

- Confirming or rejecting some designs alternatives (Ivory, 2001; Parush, 
2001) 

- Identifying specific usability problems (Ivory, 2001). 

- Exploring and improving the usability performance (Ivory, 2001; 
Parush, 2001) 
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After identifying the usability evaluation and meäsüreentýwvWMgoals. The ility 
experts -should decide whether they want to measure all'the usability criteria, which 
determine the effectiveness, ' efficiency and users' satisfaction; or they just want to test 
some of these criteria.. For instance, it is reasonable to use usability testing to find out 
whether the user can successfully use a web site, which includes all the usability 
criteria measurements. Whereas, the user satisfaction can be used in order to explore 
and measure satisfaction based on general experience to discover the most convenient 
web page layout for the users. Thus, the user satisfaction is used in this research to 
build a general knowledge about the Arabic users' preferences (see Chapter 5). The 
usability evaluation moves on to perform the following steps presented by (Nielsen, 
1993; Ivory, 2001): 

Determine the interface aspects involved in the evaluation. The details of 
the interface aspects have been discussed earlier in this chapter. 

- Select the evaluation method. This is important to effectively achieve the 
evaluation goals. 

- Select the tasks for the evaluation method that are important to determine 
the targeted users, questions to ask, etc. 
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criteria measurements. Whereas, the user satisfaction can be used in order to explore 
and measure satisfaction based on general experience to discover the most convenient 
web page layout for the users. Thus, the user satisfaction is used in this research to 
build a general knowledge about the Arabic users' preferences (see Chapter 5). Tile 
usability evaluation moves on to perform the following steps presented by (Nielsen. 
199;: Ivory. 2001): 

Determine the interface aspects involved in the evaluation. The details of 
the interface aspects have been discussed earlier in this chapter. 

- Select the evaluation method. This is important to effectively achieve the 
evaluation goals. 

- Select the tasks for the evaluation method that are important to determine 
the targeted users. questions to ask. etc. 

23 



- Design the experiments involved including the determination of the 
number of the targeted users and the evaluation procedure to be followed. 

- Capture usability data from the selected users or other usability metrics 
by recording them. 

- Analyse the data and put it in a form that allows an interpretation of the 
results. 

- Critically evaluate the usability interface in order to recommend 
improvements 

- Iterate. Some data analysis and interpretation needs to be repeated within 
the usability evaluation process several times to improve the output data 
and to provide reliable and consistent results. 

- Present results. This is the final step in the usability evaluation process. 
The evaluator presents the results in an understandable way that verifies 
the usability evaluation goals. 

3.6.2 Usability Evaluation Methods 

The development of the usability evaluation methods came from the 
requirement either to recognise the users' preferences, needs and performance or to 
assess the interface design presentation and interactivity. The usability evaluation 
methods are classified into two-dimensional approaches, empirical evaluation and 
analytical evaluation (Parush, 2001; Brinck and Hofer, 2002). In empirical evaluation 
the users are directly involved in the evaluation process to some extent (Nielsen, 
1993; Brinck and Hofer, 2002; Paganelli and Paterno, 2002), whereas in analytical 
evaluation, various combinations of guidelines, criteria and models are involved in the 
assessment procedure (Brinck and Hofer, 2002; Paganelli and Paterno, 2002). All the 
usability evaluation methods are based on testing, inquiry, simulation and inspection 
methods. 

3.6.2.1 Usability Testing Methods 

Usability testing is an empirical method, which involve real participants. It is 
the most fundamental usability evaluation method and the closest to the users. It 
provides the evaluator and the usability experts with direct and detailed information 
about how the users can interact with the computer, what problems they face, etc. 
(Nielsen, 1993; Ivory, 2001). The usability testing procedure involves asking the 
participants to use the system or perform a set of tasks while a tester or software 
records the results of their work. The tester then analyses these results and uses them 
to determine the users' preferences, interface problems and the tasks completion time 
(Ivory, 2001). 

Usability testing is roughly divided into two approaches, the formal test that is 
conducted as a true experiment to validate some hypotheses, and a less formal test, 
which is employed to identify deficiencies in the design (Rubin, 1994). The latter test 
approach is classified into four types according to the targeted problem. The four test 
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types are exploratory, assessment, validation and comparison (Rubin, 1994). Two 
important issues should be considered in all the usability testing; reliability and 
validity (Nielsen, 1993). Reliability is to get the same results as one would if the test 
were repeated, whereas validity is concerned with verifying that the actual results 
reflect the usability issues explored in the test (Nielsen, 1993). Seven stages should 
be conducted to perform the usability testing, and they are: 

1. Test plan that represents the goals of the test and should be addressed 
before the usability testing starts (Nielsen, 1993). The plan contains 
issues like the achievement of the test, the place and the time of the test, 
the length of the test, the computer support, the software necessary for 
the test, etc. (Nielsen, 1993; Rubin, 1994). Additionally, it is necessary 
to set the budget of the test and include it within the test plan. The 
budget must include the cost of the usability specialist to execute the 
testing plan, administration, software developers, computers used for the 
test, usability laboratory and other costs essential to the performance of 
the test (Nielsen, 1993). 

2. Selecting Participants or identifying appropriate participants for the 
user testing. It is one of the most important factors for increasing its 
reliability (Nielsen, 1993; Rubin, 1994). 

3. Preparation, which is to develop the test materials that will be used 
either to communicate with participants, collect data, set the hardware 
and software requirement for the test (Nielsen, 1993; Rubin, 1994). It is 
an important activity that should be carried out before the test starts to 
minimise the number of problems that may influence the test. 

4. Introduction in order to give the participants a general idea about the 
usability test goals and to help them focus on their answers (Nielsen, 
1993). The introduction should be extended to include some explanation 
about the system used and if there are any circumstances the participants 
should take notice of. A reminder of the confidentiality of the data 
collected and that the target is to improve the interface rather than 
criticise the participants is useful. Also, it is necessary that the 
introduction include a notification of the time available for the 
participants to perform specific task, if the time factor is to be 
considered in the test. 

5. During the execution of the test the experimenter should refrain from 
talking or interacting with the participant unless it is necessary. The 
interaction could be when the participants are facing a problem that has 
been observed several times before with other users (Nielsen, 1993; 
Rubin, 1994). Both positive and negative experimenter reactions affect 
the participant's attitude and hence, the reliability of the test (Nielsen, 
1993; Rubin, 1994). An official experimenter should be appointed if the 
test has more than one experimenter (Nielsen, 1993). 

6. Debriefing: it is the reactions and comments from the participants after 
finishing the test. These comments may be made to justify some 
answers in the test, assess the questions included in the test and support 
the experimenters with further comments that might help them identify 
the difficulties in the test (Nielsen, 1993; Rubin, 1994). 
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7. Transforming the data into findings. This is the final usability testing 
stage. In this stage the experimenters first analyse the data collected and 
transform it into recommendations (Rubin, 1994). Two types of analysis 
can be performed, a preliminary analysis and a comprehensive analysis 
(Rubin, 1994). The preliminary analysis is a quickly assembled report 
that is produced immediately and after the test's completion. It 
highlights the obvious and the common usability testing outlines. But 
the comprehensive analysis can take two to four weeks after the test 
performance to produce a detailed and exhaustive report (Rubin, 1994). 

These stages can be applied irrespective of the user testing experiment chosen. 
A user testing experiment has different characteristics according to the targeted goals 
and participant selection. Many researchers such as (Nielsen, 1993; Nielsen, 1994; 
Nielsen, 1995; Shneiderman, 1998; Ivory, 2001; Ivory and Hearst, 2001; Law and 
Hvannberg, 2002; Nielsen et al. 2002; Preece et al. 2002) discussed different user 
testing experiments: 

Thinking aloud protocol: it is to require participants to verbalize their 
thoughts, feelings, and opinions during the performance of the test. The main 
advantage of this kind of test is to allow the experimenter to get an idea of the users' 
mental state during the interaction. Shadowing and Co-discovery learning are 
similar to this protocol, however the shadowing method needs an expert user next to 
the tester to observe the user's behaviour during the test session. The co-discovery 
learning needs two participants to work cooperatively while the tester observes their 
interaction. This method is really efficient for discovering the reactions of working 
participants and is reasonable in resolving working environment interface problems. 

Interview method. It is an extension to the thinking aloud protocol; however, 
in this method the tester asks the participants specific questions about the design. It is 

obvious that the interview method is more focused and directs the users to certain 
design issues. This method also enables the experimenters to better understand the 
participants' mental model. 

The Coaching method. It allows the users to interact with the testers and ask 
them question regarding the interface tested. It is considered to be the reverse of the 
interview method. The testers can learn how the users interact with the system and 
they can directly identify the problems that face the users. 

The Teaching method which starts by allowing the participants to interact with 
the system first to develop experience of the system. Then these participants teach the 
novice users how to use the system in addition to solving any problems they might 
face. By using this method the experimenters can assess the learnability of the 
system. 

Remote testing. It is to give the participants questionnaire to answer, one 
which involves questions to achieve specific goals. The main difference that 
distinguishes this method from the previous ones is that the participants and the 
experimenters are not co-located during the test. 

Observing method, in this method the tester visits the users and observes them 
working without interfering with them; the tester can also videotape them for further 
analysis. This is the simplest method of testing since there is no need for any test 
preparations in advance. However, if the users are videotaped during the test and the 
tester and the participants review the videotape together, the method will also be 
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Retrospective testing. This kind of testing can be used with any other method to 
support the experimenter and the test goals. 

Performance measurement. It has the goal of capturing quantitative data 
about participants' performance while they accomplish specified tasks. This type of 
usability testing is run in a usability lab, and the experimenter can interact with the 
participants during the test. Sometimes this method can be supported with other 
methods, such as retrospective testing mentioned earlier. 

In all of the user testing methods presented above, it is obvious that they are 
really close to the users. In other words, the experimenters learn about the users' 
feelings, attitudes, preferences and, most important of all, their mental model 
(Nielsen, 1993; Rubin, 1994). This research relies on a user testing method to 
identify Arabic and English users' preferences. 

3.6.2.2 Inquiry Method 

This method is close to the usability testing method because it requires feedback 
from the users (Ivory, 2001; Ivory and Hearst, 2001). However, it does not focus on 
specific tasks or measuring performance (Ivory, 2001; Ivory and Hearst, 2001). 
Different types of inquiry methods exist and are based on the evaluator's interaction 
with the users. In some types the evaluator accesses users' reported information 
rather than having a direct interaction; for instance, users feedback, screen snapshots, 
log-files and self-reporting logs. In the last two types the users write their actions, 
observations and comments using either paper and pencil or computer forms (Ivory, 
2001; Ivory and Hearst, 2001). The evaluators interact directly with the users in 
contextual enquiries and focus groups. The contextual enquiry is usually a long-term 
method, which may lasts for one year (Ivory, 2001; Ivory and Hearst, 2001). The 
focus group is an efficient method to use in order to improve the usability of a 
particular product for future release (Ivory, 2001; Ivory and Hearst, 2001). 

3.6.2.3 Inspection Method 

The usability inspection method is an evaluation method that relies on an 
evaluator or a team of evaluators who examine the interface design. All forms of this 
method are based on the adoption of a group of guidelines and design principles, but 
they differ in how they are processed and how to apply them. Also, the inspection 
method types are varied according to the goals of the inspection as expressed by 
different researchers (Nielsen, 1993; Nielsen, 1994; Nielsen, 1995; Shneiderman, 
1998; Ivory, 2001; Ivory and Hearst, 2001; Parush, 2001; Law and Hvannberg, 2002; 
Preece et al. 2002; Rohn et at. 2002): 

Guideline review; this is where the evaluators verify in advance a 
comprehensive and sometimes large number of established usability guidelines. 
Interface design experts and researchers will have established these guidelines and 
standards. The guideline review method has a limitation since the adoption of a wide 
range of usability guidelines may lead to conflicts between them, a lack of empirical 
evidence and they may be too general to apply to specific interface cases. 
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Cognitive walkthrough: it involves one or more interface design evaluators, 
who explore interface design or prototype by focusing on a specific set of tasks to 
assess their understandability and learnability. During the assessment the evaluators 
simulate the users' behaviours and by the end they construct a detailed success or 
failure story about each task attempted. This method requires intensive 
documentation to present the acceptable and unacceptable walkthrough task sessions. 
If the test involves the user, developers and evaluators in inspecting the interface, then 
it is called the pluralistic walkthrough. 

Heuristic evaluation. This requires a small group of evaluators. Each member 
in the group independently evaluates an interface using a list of heuristics. The 

usability rating outcomes from all the evaluators are aggregated and merged to 
determine reasonable usability rate for each aspects tested and to resolve potential 
usability problems. It is an effective method to improve the interface or product 
usability; also it is an effective way to educate in colleges and to develop processes. 

Consistency inspection. It is to investigate the differences and the consistency 
between different interface designs. The investigation is performed by a team of 
interface design evaluators who inspect one interface at a time. 

Other inspections methods exist, such as card sorting, storyboarding, 
perspective-based inspection, feature inspection, formal usability inspection and 
standards inspection mentioned in different studies (Nielsen, 1993; Nielsen and 
Landauer, 1993; Nielsen, 1994; Nielsen, 1995; Sawyer et al. 1996; Ivory, 2001; Ivory 
and Hearst, 2001; Rohn et al. 2002). 

3.6.2.4 Simulation Method 

This method is performed using a model of a user and/or an interface design. A 
computer program mimics the user's interaction with the interface and reports the 
results (Hilbert and Redmiles, 2000; Chi et al. 2001; Ivory, 2001; Ivory and Hearst, 
2001; Brinck and Hofer, 2002). The report produced includes the performance and 
the interface operation such as mouse clicks, different functions selected from the 
interface, etc.. The evaluator can run the simulation with different parameters and 
learn lessons about the user's reaction to a specific user interface. This method is 

widely used in automatic usability evaluation and has been used in this research. The 
discussion of the webmaster's feedback simulation is presented in Chapter 6, 
Section 6.5.5. 

3.7 Usability Testing for Cultural differences 

As mentioned earlier in the usability testing method Section 3.6.2.1, usability 
testing is considered to be the closest method to the users, in the sense that it reflects 
the users' thoughts, feelings, working habits and preferences (Nielsen, 1993; Ivory, 
2001; Ivory and Hearst, 2001). Therefore, usability testing techniques have been 
widely used to investigate new guidelines, to confirm and improve existing guidelines 
(Nielsen, 2000), and to study cultural differences. 
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The users and their cultures affect user understanding and performance; 
therefore these aspects have been considered by many researchers (Russo and Boor, 
1993; Marcus, 2001; Sun, 2001; Walton et al. 2002; Laarni, 2003; Walton and 
Vukovic, 2003). Two types of user testing have been used in Walton and Vukovic's 
(2003) study to investigate how South African novice and experienced students 
understand some common interface and navigational conventions on the web. Walton 
and Vukovic combined the think-aloud protocol and the teaching method and ran 
them over 20 students. Additionally, they considered cultural differences between 
South Africa and Western countries in terms of the specified set of interface and 
navigational conventions. The findings showed significant differences between the 
two cultures in visualising the information hierarchies (Walton et al. 2002; Walton 
and Vukovic, 2003). In other words, the differences are represented in the 
organisation and visual representation of information structures (Walton et al. 2002; 
Walton and Vukovic, 2003). 

The internationalisation of web pages refers to producing them in many 
languages, in other words, developing multilingual web page versions without 
considering the interface of cultural aspects (Russo and Boor, 1993). But it is not 
enough to localise a web page by simply translating the content with some 
modifications to the data or number formats, without localising the interface design 
layout to the users' preferences and needs as well. Two localisation aspects must be 
addressed when developing multilingual web pages. The first is the language 
translation, measurements, currency, addresses and so on, while the second is the 
aesthetic layout of the interface design which reflects cultural criteria (Sun, 2001). 

In order to create usable multilingual web pages that are effective, efficient and 
satisfy the users' needs, (Sun, 2001) conducted user testing on three international 
communities from China, Germany and Brazil. Sun (2001) focused his study on 
examining the four major cultural categories of language, visuals, colours and page 
layout. The first category addresses the surface level of the localisation, while the 
other three categories are related to the secondary localisation aspects. The main aim 
of his study was to learn how the four cultural categories might affect web usability. 
He interviewed the target users about their experiences using the localised version of 
both the Lotus and Adobe web pages. It appeared that different users tried to apply 
their own cultural preferences to evaluate the design of the web pages. For instance, 
the Brazilians like to see vibrant colours and lively pictures on their local web pages, 
while the Chinese prefer to see one of the common Chinese flowers on their web 
pages. The Germans like the links in the navigation bar to be alphabetically 
organised. The main implication from Sun's study is that consideration of the cultural 
categories can increase the web page's usability. 

The influence of culture can reasonably be expected to extend from usability to 
usability testing results, especially if the usability test is performed in languages 
different from the participants' mother tongues. Understanding the participants' 
culture, which is part of the users' profile, increases the efficiency of user testing 
(Yeo, 1998). Other user testing conducted by (Goonetilleke et al. 2001) focused on 
four factors: interaction efficiency, trust and safety, information content and access, 
and input-output; in order to simplify usability questionnaires, enhance the interface 
and reduce the user testing time. The interaction experience of sixty four participants 
were involved in (Goonetilleke et al. 2001) study. They divided the participants into 
two groups of thirty two. Each group had to interact with either specified airline or 
retail sites and then fill in a questionnaire expressing their opinions. The overall 
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results showed that a significant difference exists between the retail and airline sites 
with reference the four factors tested. Goonetilleke, Duffy and Jacques concluded 
"this finding has important implications in terms of website design as well as usability 
testing. The results may be used to simplify usability questionnaires". 

Remote usability testing has been used for collecting interaction data and 
studying the cultural effects on user interface design. Lee (1999) conducted cross- 
cultural remote usability testing of a total of 172 respondents from 15 countries, 
although he only compared Korea, Japan and United States of America. The 
questionnaire answers and the interaction were saved and analysed to identify 
relationships between the participants' interaction and their cultural characteristics. 
The evidence of the (Lee, 1999) study showed some differences among the three 
cultures selected. For instance, one of the questions he asked was whether the colour 
of the power button in the remote control was `red' or `green'. A high percentage, 
(91%) and (87.5%) of the Koreans and Japanese respectively chose `red' while 
(89.4%) of the Americans chose green. 

Culture is an important ingredient in identifying information technology 
specifications and it has effects on both the use and the interface (Little et at. 2000; 
Marcus and Gould, 2000; Marcus, 2001). It is clear from the evidence of previous 
studies that culture plays an important role in determining reasonable usability 
guidelines for the targeted culture in addition to its influences on the users' 
preferences, thoughts, beliefs etc.. Different types of user testing have been used 
effectively to identify cultural effects on user interface design. Therefore, this 
research is included utilising usability testing to identify Arabic users' preferences 
and then establish usability guidelines appropriate for assessing Arabic web pages. 
Additionally, usability testing is used to validate some of the current usability 
guidelines for English web pages. 

3.8 Automated Web Usability Evaluation 

The tremendous number of existing web pages, developed both by professionals 
and by people who have little design' experience (Ivory, 2003), have created a variety 
of web design styles. These styles differ according to the languages, ages, cultures 
etc. represented. In order to improve web page design existing pages need to be 
evaluated and, because there are so many, they need to be assessed automatically and 
with reference to the users' preferences and beliefs. It is increasingly necessary for 
web designers and usability specialists to take advantage of automated usability tools 
and approaches as part of the overall usability process (Brinck and Hofer, 2002). 
Automated web usability approaches can save the usability specialists and designers 
money and time (Ivory, 2001; Ivory and Hearst, 2001; Brinck and Hofer, 2002; Ivory 
and Hearst, 2002) and improve site design systematically. In other words, automated 
web usability assessment tools can discover various error types consistently, increase 
the quality of design by enabling comparisons between various designs and produce 
reliable usability standards (Ivory, 2001; Ivory and Hearst, 2001; Brinck and Hofer, 
2002; Ivory and Hearst, 2002). 

Currently there is a variety of methods available to automatically assess web 
pages. As mentioned earlier some of them are concerned with identifying problems in 
web design that might discourage users from performing certain tasks, whereas others 
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compare the web design with existing highly rated designs, and use them as a basis 
for evaluating other web pages. Quantifying different web aspects is also an 
evaluation technique, but it is unreasonable to rely on raw numbers or quantities as a 
measure of quality, particularly when evaluating a dynamic environment like the web. 

Web Event-logging Tool (WET) (Scholtz et al. 1998; Etgen and Cantor, 1999) 
automatically collects usability data about users by remotely tracking their 
interactions with the page, and recording events. WET records sophisticated events, 
logging things such as mouse clicks, changes and motion as well as page load (Hong 
et al. 2001; Paganelli and Paterno, 2002). It utilises the existence of the event 
handling capabilities built into Netscape Communicator and Microsoft IE (Etgen and 
Cantor, 1999; Hong et al. 2001). WET has three major disadvantages; firstly it is 
limited to the two web browsers mentioned. Secondly, the tester must restrict WET's 
information gathering to particular events or objects on a web page to avoid the data 
becoming overwhelming, and lastly the tester has to analyse the collected data 
manually (Etgen and Cantor, 1999; Hong et al. 2001; Paganelli and Paterno, 2002). 

However, other authors take a different approach which avoids these problems. 
WebQuilt (Hong et al. 2001) works independently as a proxy server without relying 
on any web browser. It monitors the user's movements until he/she locates a specific 
piece of information (Hong et al. 2001). It is a visualized system that can be run 
locally and remotely. The visualisation indicates the most commonly traversed path 
of the users through a web site for a given task combined with the time spent on each 
path. This visualisation also differentiates the longer, in terms of time, from the 
shorter, associating this with the optimal path envisaged by the web designer. In 
order to collect the users' data WebQuilt utilises the proxy approach which overcomes 
many of the server-side or client-side problems (Hong et al. 2001). 

Web Remote USer INterface Evaluator (WebRemUSINE) (Paganelli and 
Paterno, 2002) supports the tasks of retrieving, navigating and accessing information, 
based on links to remote pages. The users are asked explicitly about the task they 
want to perform. Once this information has been collected the system implicitly 
observes the user's interactions (Paganelli and Paterno, 2002). WebRemUSINE 
replaces the proxy server logging method with java applets that activate at the 
beginning of the test to log user interactions, and then provides all the data to a servlet 
on the server-side. All the data collected is saved into file to be evaluated (Paganelli 
and Paterno, 2002). WebRemUSINE (Paganelli and Paterno, 2002) presents an 
intelligent way to determine failures of the design being tested in that it deters or 
prevents the users from getting the necessary information. Paganelli and Paterno 
(2002) associate the users' actions with the targeted task to test the efficiency of the 
web application design. 

Other approaches assess the web design based on predetermined guidelines or 
criteria. These guidelines might be empirically revised before their adoptation. 
WebTango, (Ivory, 2001; Ivory and Hearst, 2002) one of the current approaches, 
adopts some guidelines collected from and driven by previously highly rated web 
pages and then statistically processes them to produce an impartial evaluation tool. 
WebTango's procedure is to calculate web metrics collected from the HTML source 
code and then to generate an appropriate usability assessment. Ivory introduced 
WebTango (Ivory, 2001) that can evaluate the web page based on a statistical model. 
This model is constructed from the highly rated web pages, seeks some guidelines 
from them, and utilises them in the web page evaluation. Each web page is analysed 
to compute twelve quantitative measures (Ivory, 2001; Ivory and Hearst, 2002). 
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These measures have to do with page composition, layout, amount of information, 
and size such as the number of words, links and colours (Ivory, 2001; Ivory and 
Hearst, 2002). The limitation of this approach is that it does not provide a customised 
evaluation because the presentation of information might differ as a result of changes 
of the designs' objective circumstances. For instance, using different frames is not 
recommended (Lynch and Horton, 2001), but certain designs need frames in order to 
organise the data. 

Most existing automatic usability evaluation tools such as Web Static Analyzer 
Tool (WebSat) (Scholtz et al. 1998) rate the web design through checking the validity 
of some web usability principles in the web applications and these tools are initiated 
by the user; whereas, WebTango (Ivory, 2001) can be considered to be a 
benchmarking evaluation tool since it evaluates the web application based on 
previously high rated web pages. Neither of them is designed to modify the usability 
principles or customise them to the users' preferences, but they can compute a set of 
quantitative web metrics. 

LIFT is software developed by UsableNet Inc. (LIFT, 2000). This software 
allows web designers and owners to test the accessibility and usability of their web 
sites (W3Consortium, 2003). It is implemented to work with web editors such as 
Dreamweaver, GoLive, FrontPage, BB Edit. It runs locally on MacOS 
(W3Consortium, 2003). This software is integrated to detect the web developers' 
mistakes from the initial development stage. However, it is better to provide 
automatic web usability evaluation that is not restricted to certain software or specific 
platforms. 

Therefore, the need for an alternative software model that automatically utilises 
the data collected from web pages and associates it with the users' taste becomes a 
focal point. Furthermore, constructing a tool based on specific usability principles, 
which are well established by many research studies will contribute to identifying 
outdated principles and the need to update others. 

By utilizing different software models, which support usability evaluation, this 
research tries to integrate them to provide a reasonable solution for automatically 
updating the current web usability principles based on experts' and researchers' 
recommendations and to customise them to the users' preferences. Also, by 
considering the multilingual aspect in web design, this research will extend web 
usability guidelines, by user satisfaction, to Arabic web pages as well, since there are 
no specific Arabic web usability guidelines at present. These guidelines will be used 
as the basis for Arabic web page evaluation, and when combined with English web 
pages guidelines, can be generalized for languages which follow the same writing 
direction with similar scripts. 

3.9 Conclusion 

It is impossible to create a universal interface design that is applicable to all 
cultures and societies. The development of a highly usable interface design requires 
strong background in identifying the three interface aspects, targeted users, interface 
design goals and the interface environment. Several usability evaluation methods 
have been established to minimise the problems that can occur after developing an 
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interface. The most common usability evaluation methods used are the heuristic 
evaluation and the usability testing because of their effectiveness and reliability. 

Several of these usability evaluation methods have been automated to increase 
productivity. Different automatic web usability evaluation tools have been 
established to solve the diversity web interface problems. However, few of them have 
been characterised by the intelligence necessary for the next generation of automated 
web usability. To customise the evaluation according to the webmaster's needs, 
which will reflect the targeted users' desires, intelligence must be added to the 
architecture of the automated web usability tool. The following chapter discusses 
several intelligent approaches appropriate for introducing intelligence into automated 
web usability evaluation. 
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Chapter Four 

The Agent Technology 

4.1 Introduction 

The previous chapter introduced different methods for usability evaluation. 
Lack of intelligence was identified as one of the weaknesses of the majority of 
existing tools. In this chapter different intelligent and learning algorithms such as 
neural network, fuzzy logic, genetic algorithms and reinforcement learning will be 
discussed. In order to investigate such techniques it is important to develop an 
impartial system in which they can be applied and for this purpose an agent technique 
is used. Creating impartial agent systems requires sensing the input, processing the 
problem, producing appropriate actions, and adjusting future actions. The agent can 
contain one or more intelligent or learning algorithms depending on its goals. 

The dictionary definition of an agent is: "agent n. 1- One that acts or has the 
power to act. 2- One that acts for or represent another. 3- A means of doing 
something. 4- Something that causes a change. " (Dictionary 1994). While the 
agent's definition in the (Allen 1984) is "1- One who acts for business, etc. 2- One 
who or that which exerts power or produces effects. " The combination of these 
definitions can be applied to software agents, hence "software agents are active, 
independent components" (Millier 1997). Most software agents are implemented to 
act on behalf of a user or other programmes to perform tasks (Maes 1994; Terveen 
and Murray 1996). An example of this kind of agent is the finance agent that buys a 
specific number of shares when the stock price falls below a specific level (Terveen 
and Murray 1996). 

In other contexts, software agents are designed to act as a user in order to help 
execute some task or operation (Franklin and Graesser 1996) that would be hard to 
achieve for a human user because it would be too repetitive, tedious, or time 
consuming (Maes and Wexelblat 1996; Terveen and Murray 1996). In doing this, the 
agent must have some knowledge of the user's preferences, goals, habits and desires 
(Terveen and Murray 1996). A good example of an agent that substitutes for the user 
doing a routine hard to organize and dull to process is the meeting agent visitorbot 
(Kautz, Selman et al. 1994). It uses information about a group of people that want to 
arrange the meeting and suggests a schedule that satisfies as many constraints as 
possible. The collection of knowledge accessible by the agent should be based on 
user's preferences, interests, availability and agenda (Kautz, Selman et al. 1994). 

At present there is a variety of agents that assist users in different ways. Each 
one of them tries to empower users by providing valuable support to enable them to 
work more effectively in the rich and ever-changing world of electronic 
communication and information (Terveen and Murray 1996). 
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4.2 Agent Definition 

The vast growth and improvement in web agents has resulted in their definition 
varying from one researcher or developer to another with each one trying to express 
his or her own view of an agent; furthermore the definitions differ according to what 
the agent is doing (Nwana 1996). Therefore, it is hard to identify one definition for 
all kinds of agent. 

In general, Nwana (1996) defined an agent as either software or/and hardware 
component that acts on behalf of its user. Therefore, a software agent is a particular 
type of agent (Maes and Wexelblat 1996). Many other definitions of software agent 
exist; (Yap and Keong 1999) present the notion of it as a programme that performs a 
set of tasks, is designed for the benefit of one or more users and lives in general 
purpose computer networks, computer operating systems, databases, and other similar 
environments (Franklin and Graesser 1996). This definition is the basic foundation of 
software agents and is discussed by many researchers and developers such as 
(Franklin and Graesser 1996; Nwana 1996; Terveen and Murray 1996; Maes 1997). 

However, a more advanced agent is a self-determining, computational based 
programme or a group of programmes that act in parallel with the user but without 
his/her intervention (Lieberman 1997). Lieberman's definition points to one of the 
most important agent characteristics; one which distinguishes it from conventional 
software programmes. Self-determination includes both self-reaction and autonomy. 
These two characteristics help the agent to decide its goals independently and to plan 
toward the functions that it was designed for. 

The agent has sensors to learn about the environment and the user's needs; in 
addition it has effectors to perform actions in order to fulfil its goals (Maes and 
Wexelblat 1996; Maes 1997). Any changes that occur in the environment can affect 
its behaviour, cause the rescheduling of its agenda or the use of its senses in the future 
(Franklin and Graesser 1996). Lieberman (1997) adds that a software agent remains 
active even when the computer is turned off. For example, a web agent must be able 
to operate even when the user is not connected to the Internet or has no process on the 
WWW. So an information filtering agent continues to look for any new article that 
mentions a specific word or phrase specified by its user (Maes 1994). 

Some definitions have been proposed to cover the capabilities of software 
agents. Coen (1994) represents this idea when he defins software agents as 
autonomous programmes that engage in dialogue, negotiation and the coordinated 
transfer of information. Additionally, autonomous agents are programmes that initiate 
communication, set up meetings, monitor events, perform tasks and locate 
information from different databases (Kautz, Selman et al. 1994; Maes, Shneiderman 
et al. 1997). 

Software agents range from simple macros or subroutines where the user enters 
a few parameters to more complex and intelligent programmes that make decisions 
and perform complicated tasks (Genesereth 1994; Kautz, Selman et al. 1994; Do, 
March et al. 1996; Millier 1997; Das, Caglayan et al. 1998). Usually, software agents 
are constructed based upon a set of rules they follow when first initiated (Do, March 
et al. 1996). However, this set can be expanded as the software agents learn more 
about their users' working habits, and observe their environments. Software agents 
are capable of adapting their behaviour and updating their performance to meet these 
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changes. That means software agents understand users' needs and the requirements 
of their environment. This allows the software agent's reasoning capabilities to 
improve (Do, March et al. 1996). The level of software agents' intelligence varies 
from one agent to another according to their ability to adapt to different 

circumstances, and to a number of other characteristics they possess (Millier 1997). 

It is obvious from the definitions of software agent that some are likely to 
exhibit different characteristics of an agent in different degrees (Millier 1997). The 
major characteristics of agents have been discussed above. The next section focuses 
on some of important characteristics in more detail. 

4.3 Agent Characteristics 

There are sets of criteria which can measure the quality of software programmes 
in general; criteria such as correctness, completeness, efficiency, and safety 
(Friedman and Nissenbaum 1996). However, agency, intelligence, competence and 
trust are further specific criteria that relate to software agents (Do, March et al. 1996; 
Friedman and Nissenbaum 1996). 

Software agents have some characteristics which make them distinguishable 
from the ordinary programmes. They have the additional dimensions of autonomy, 
mobility, agency, independent of their owners' or users' preferences, and are faster, 
stronger and more intelligent than conventional software programmes (Do, March et 
al. 1996). It is important to introduce the characteristics of agents that differentiate 
them from all types of software and applicational programmes (Murch and Johnson 
1999). Also, it is necessary to consider characteristics of agents relevant to the 
multilingual automated web usability evaluation agent, developed by this research, 
because they are valuable when performing a customized and customisable evaluation 
of web pages. The agent is characterised by one or more of the following: 

Autonomy: The ability of the agent to act autonomously without 
the user, or any other programme or software intervention controlling 
its internal state and actions (Knapik and Johnson 1998; Murch and 
Johnson 1999). It is considered the key characteristics of the 
software agent's behaviour (Millier 1997). This means that the 
software agent considers its goals, decides how to achieve them and 
acts upon these decisions without oversight or management by any 
other entities (Das, Caglayan et al. 1998; Barber and Martin 2001). 
The software agent is responsible for determining how to pursue its 
goals (Wooldridge and Jennings 1995; Das, Caglayan et al. 1998; 
Barber and Martin 2001). This feature has been considered in the 
multilingual automated web usability evaluation agent. Thus, it is 
independently willing to perform the analysis and evaluation without 
any intervention in its internal actions (see Figure 6.1). 

Adaptability: The agent should 
platforms and it should learn from 
user's working habits, previous 
Therefore, a characteristic behaviour 
modification of its environment a 
methods without any direct input 

be able to work on multiple 
its user and adjust itself to the 
experience, and preferences. 

r of an agent is to adapt to the 
end changes, based on user's 

from him/her or the owner 
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(Franklin and Graesser 1996; Murch and Johnson 1999). This 
feature can be described as personaliseability and has been 
considered by many researchers (Maes and Wexelblat 1996; Seo and 
Zhang 2000). This is also considered in the multilingual automated 
web usability evaluation agent since the agent is required to 
customise its evaluation to the webmaster's needs (see Chapter 6 
Section 6.5.3). 

Collaboration: This refers to the agent's ability to share, which 
allows it to cooperate with other agents or their users in the 
performance of some computer-based tasks (Rich 1996; Moran, 
Cheyer et al. 1997). 

Communicativeness: In order for an agent to learn from both the 
user and the environment, it should have the ability to communicate 
with repositories to get required information (Cesta and D'Aloisi 
1996; Franklin and Graesser 1996; Knapik and Johnson 1998; Murch 
and Johnson 1999). The agent may carry out a discourse with user or 
share other agents' agendas and carry out its task in the way they 
prefer. 

Cooperativeness: This aspect is exhibited when the user specifies 
actions that need to be performed by the agent. The agent responds 
in being willing to provide its owner or the user with the results. The 
agent-oriented system has to know the needs of the agent's owner or 
user, and then plans for and decides its next action (Cesta and 
D'Aloisi 1996). This feature is exhibited in the multilingual 
automated web usability evaluation agent when it shows its ability to 
evaluate the web pages assigned by its owner (the webmaster) and 
considers the webmaster's feedback in customising the next 
evaluation. 
Reactiveness: The agent needs the ability to decide when to start or 

stop in a timely fashion responding to changes in the environment 
(Franklin and Graesser 1996; Knapik and Johnson 1998; Murch and 
Johnson 1999). 

Mobility and flexibility: An agent should be flexible enough to 
transport itself from one machine to another and have the ability to 
migrate through a network to find information in order to achieve its 
goals based on internal decisions (Do, March et al. 1996; Franklin 
and Graesser 1996; Moran, Cheyer et al. 1997; Murch and Johnson 
1999). Also, it may have the ability to execute in more than one 
processor, in order to support the execution of other programmes or 
software agents that need help in performing their delegated tasks 
(Knapik and Johnson 1998). It must act as a mediator in performing 
tasks and dealing with different aspects in the Internet, such as nodes 
and packets transformation and their security measures in the 
network (Do, March et al. 1996; Knapik and Johnson 1998). The 
requested data, which is retrieved by mobile agent, either returns to 
the origin of the mobile agent or to some other place that requested 
the information (Do, March et al. 1996). 
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- Distributedness and transnarencv: In order to accomplish 
complex tasks, an agent might interact with other agents in the 
network to share the completion of the task in transparent manner 
(Cesta and D'Aloisi 1996; Moran, Cheyer et al. 1997; Murch and 
Johnson 1999). 

Rationality: The agent must act in a manner that fulfils its goals 
instead of preventing it from achieving them. In other words, the 
agent must solve as many problems as it can and be able to deal with 
errors and incomplete data (Murch and Johnson 1999). This 
characteristic has been used in the multilingual automated web 
usability evaluation agent when analysing the web pages and 
computing the web metrics necessary for their evaluation (see 
Chapter 6, Section 6.5.2). 

One of the most important features that differentiate software agents from 
conventional software programmes is temporal continuity, which means that they are 
continuously running programmes and do not terminate after getting the result (Do, 
March et al. 1996; Franklin and Graesser 1996; Lieberman 1997; Murch and Johnson 
1999), unless they are terminated by their owner. The above are some of the 
important characteristics of agents, but their presence varies from one agent to 
another. For instance, Apt Decision agent acts as an estate agent that helps users in 
selecting their favourite apartment (Shearin and Lieberman 2001). This agent learns 
the users' preferences as the users criticise the options offered by the agent. This 
agent is immobile. However, the buyer/seller agent presented by (Lynden and Rana 
2002) is used to buy items. First the agent determines which item to buy and then it 
roams the network to find an appropriate purchase. This kind of agent needs to have a 
mobile feature in order to achieve its goal. 

4.4 The Importance of Agents 

Software agents are programmes that assist people and act on their behalf 
(Lange and Oshima 1998; Yap and Keong 1999). Agents perform tasks delegated by 
the users who are unable or unwilling to do them, because these tasks are repetitive, 
tedious, dull or too overwhelming to perform (Maes 1997). Agents have been 
successful in many areas, stated by (Knapik and Johnson 1998): 

- Searching a large problem space and problem reduction. This is used 
to solve games problems such as chess. 

- Logical reasoning, deduction, proven theorem, and the analysis and 
maintenance of databases. 

- Language understanding such as reading text, translating and word 
understanding. 

- Learning using intelligent techniques and algorithms that emulate 
normal feedback. According to feedback the algorithms will tune the 
agent behaviour to produce the expected output. 

- Knowledge-based and expert systems which convert human expertise 
within a domain of knowledge to forms usable by others. 
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Robotic and vision, operating systems, tools, security, personal shoppers, 
librarians and many other applications for agents have been discussed by different 
authors (Wayner 1995; Knapik and Johnson 1998; Lange and Oshima 1998; Murch 
and Johnson 1999). 

4.5 Interface Agent 

The user interface can be considered as a medium to transfer messages between 
the user and the computer system or programme that the user operates on. This 
interface plays an important role in the relationship between the users and the 
computer system (Millier 1997). In practice, the computer interface could represent a 
major obstacle that could prevent the user from utilising the system; alternatively, a 
user-friendly interface attracts people and makes the computer system or application 
programme popular and likely to be used. The inventors and developers of the 
computer systems focus on promoting utilization for many existing computer 
schemes. They implement a personal assistant which interacts and collaborates with 
users to support them in performing tasks in a variety of ways (Koda and Maes 1996). 
One of the most important services that supports personal assistants is the interface 
agent, which completely hides sophisticated tasks from both the user and the 
application developer (Maes 1995; Cesta and D'Aloisi 1996; Nwana 1996) and 
suggests alternative solutions as well. 

A typical job for the interface agent as (Nwana 1996) stated is to assist a user in 
learning a particular application (Lashkari, Metral et al. 1998). Nwana (1996) 
summarize the working methodology for an interface agent as: firstly, the agent 
observes and monitors the user's actions; secondly, it learns a new shortcut or faster 
technique to do the task; finally, it recommends an improved way to perform the 
user's task. The interface agent does not prevent the user from choosing their own 
way to accomplish a task (Maes 1997). 

However, (Bayardo, Bohrer et at. 1998) declare the interface agent to be one 
that replies to the user's queries, typed and displayed in a natural language. 
InfoSleuth is project for filtering requested information composed of several agents, 
of which one is a user agent responsible for the interface with the user (Bayardo, 
Bohrer et al. 1998), whereas, (Cohen, Cheyer et al. 1998)'s interface agent is 
integrated into the open agent architecture. It is obvious that this is a specific class of 
interface agent and the most simple. Etizion and Weld (1998)'s Softbot is an 
interface agent that has further expressiveness in its interface. It accurately identifies 
the information requested from a hint of what the human wants, then takes 
responsibility for how and when to accomplish the request in a single, expressive and 
consistent interface (Etizion and Weld 1998). In other words, Softbot can convert the 
user's high-level goals into more detailed goals (Knapik and Johnson 1998). 

Other interface agents save a user profile used during the execution of the 
application to broaden the agent's knowledge in recognising the user's specific goals. 
The DIA interface agent assists a programme debugger used in reproducing the state 
of the programme to be debugged as well as having experience in handling similar 
tasks in an effective manner (Lieberman 1995; Goecks and Shavlik 2000; Seo and 
Zhang 2000). In other words, DIA aims to help the user to automate routine tasks 
with a certain degree of success; furthermore it attempts to process unusual tasks 
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when presented with unpredictable pieces of user input that are rarely repeated 
(Fujishima 1997). 

The interaction between the user and the agent in the system can be via 
conventional input entry such as keyboard and mouse. Additionally, speech, 
handwriting, pen-based gestures and many other input tools are possible. However, 
high quality interface agents, which possess special skills and have rich experience in 
navigating the WWW, work without any direct input from the user (Beale and Wood 
1994). In other words, they act autonomously to reach their goals without interaction 
with the users (Beale and Wood 1994). 

Finally the interface agent can be defined as an invisible programme that 
continuously executes as a background process, and can observe the user input and 
output from the system. Therefore, the interface agent can learn from its user and 
reflect on what the user sees and does; it is not necessarily a one to one exchange with 
the user actions. The user does not send orders to interface agents; rather if the 
interface agent meets its requirements, it determines how and when to achieve the 
user goals (Fujishima 1997; Lieberman 1997; Brown, Jr. et al. 1998; Etizion and 
Weld 1998). Different ways for explaining how the agent might learn from the users 
will be discussed later in this chapter. 

4.5.1 Classification of the Interface. Agents 

There are different ways of classifying interface agents, depending on their 
functions or their properties (Beale and Wood 1994): 

User agents: are self-customising pieces of software. They can adapt 
and learn their users' working habits in order to personalise their 
behaviour to their users' preferences. The performance of the user agent 
will be unique for each individual user, such as the e-mail classifying 
agent. 

Guide Agents: act as tutors supplying the users with knowledge they 
need to improve their skills. These agents will also enable the users to 
improve their expertise as is the case, for instance, with Microsoft agents. 
The agent in this case assumes that the user has no background 
knowledge about the topic, and it takes an active role in leading the user 
through the desired task. 
Cooperative Agents: they are user assistants. They adopt certain tasks 

to work with and act as an expert. They provide the users with 
alternative views or additional supporting and relevant information. For 
example, the CAD helper supports the construction of engineering 
drawings in providing the start, midpoint and tangents to lines. 

It is obvious that with the cooperative agent, the users have some idea about the 
topic but need either more information or another way to handle their tasks. The 
cooperative agents criticise the users' work and suggest better alternatives (Beale and 
Wood 1994). 

All of these interface agents are involved in personal user assistance, but each of 
them has different degrees of interaction with the user and the interaction involves 
some degree of intelligence in the interface. 
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4.5.2 Aspects of Intelligent Interface Agents 

The intelligence of interface agents can be measured by the degree of 
understanding of the users' needs they have and by their ability to sense changes in 
the environment. This intelligence can affect the interface agent's behaviour and 
interactions with the users. The behaviour that must be exhibited in an interface agent 
for it to be said to possess a specific degree of intelligence has been discussed by 
different authors (Beale and Wood 1994; Brown, Jr. et al. 1998; Amant 2000). Such 
behaviour may include one or more of the following: 

- User modelling: techniques which allow the interface agent to maintain 
a user profile which may include a knowledge about the users and their 
preferences. 

- User adaptivety: techniques that allow the interface agent to adapt its 
behaviour to different users and usage situations. 

- The use of natural languages: techniques that allow the interface agent 
to interact with their users in natural languages. 

- Dialogue modelling: techniques that allow the interface agent system to 
maintain a dialogue with the user via natural language. 

- Explanation generation: techniques that allow the interface agent to 
explain and demonstrate its suggestions to the users. This is important in 
constructing an appropriate and efficient justification for the interface 
agent's results and it requires a good knowledge of the way the user 
accepts such messages. 

All the above techniques are useful in building an intelligent interface agent, 
and they depend on each other. For instance, if the interface agent has the ability to 
maintain a dialogue it should be able to interpret natural language utterances, and so 
on. In order to increase the intelligence of the agent, it must have the ability to learn. 
The agent can learn using one or more from the following four methods presented by 
(Maes 1994): 

1. Looking over the user's shoulder. In other words, the agent can monitor 
the user behaviour when performing actions. 

2. Utilising either direct or indirect user feedback. Indirect feedback 
happens when the user neglects the agent's recommendations and takes 
different action instead. 

3. Giving the agent an explicit example to follow. 

4. Acquiring advice from other agents in the system that assist other users 
with the same task. 

Another learning alternative is to provide the agent with all the inputs and 
combine them with the desired output. The intelligence, learning techniques and their 
performance will be discussed in Sections 4.8 and 4.9. 
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4.6 Agent Architecture 

As mentioned previously, the characteristics of agents differ, and affect the 
infrastructure of agents' architecture. There is no one standard design used for all 
agents. The architecture varies, depending on the nature of the task it is responsible 
for (Huhns and Singh 1997; Huhns and Singh 1998). For example, the architecture of 
a mobile agent differs from that of collaborative agents. As mentioned in Section 4.3, 
mobile agents migrate among networks; and operate on several kinds of machine 
across the Internet (Knapik and Johnson 1998). Tutoring collaborative agents (Rich, 
Lesh et al. 2002) work within a single server or network; the agent does not need to 
migrate or execute in other environment, thus the collaborative agent's architecture 
differs from that of the mobile agent. 

Generally, there is no common architecture that is compatible with all types of 
software agents and which works in all circumstances (Huhns and Singh 1997; Huhns 
and Singh 1998). However, most of the agent architectures can be divided into four 
basic functions which are observation, recognition, planning and executing 
appropriate actions (Millier 1997). These functions can be performed by several of 
the software components such as: 

- The interface: which acts as a mediator between the agent and its 
owner or user, or between the agent and other agents in the system in a 
multi-agent model (Rus, Gray et at. 1998). In both contexts the 
interface allows the agent to communicate with the outside world (Rus, 
Gray et at. 1998; Amant and Zettlemoyer 2000). 

- The controller: which manages the flow of the operations within the 
agent. The controller is the part of the agent that decides the appropriate 
actions applicable to the current situation (Maes and Wexelblat 1996). 

- The sensors: observe either the user's behaviour or the changes in the 
agent's environment (Maes and Wexelblat 1996; Millier 1997; Amant 
and Zettlemoyer 2000). 

- The effectors: are to manipulate the observed data from the sensors 
(Maes and Wexelblat 1996; Amant and Zettlemoyer 2000). The 
effectors process the data sensed, and then prepare the agent to accept 
new data (Amant and Zettlemoyer 2000). That means the effectors 
manipulation tunes the agent's action to the states observed. 

The above are the most common components that might be implemented in any 
agent architecture. Some agent architectures have a memory component in which the 
agent can store users' profiles for future utilisation. For instance, the Apt Decision 
agent presented by (Shearin and Lieberman 2001) intelligently profiles the users' 
preferences and saves them for future retrievals. 

4.7 Agent life cycle 

The agent is a computational system which is based on three major criteria, the 
agent's goals, the different states that need to be processed and appropriate actions 
produced in response to the states observed (Maes and Wexelblat 1996). These 
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criteria are necessary for the agent's life; the absence of one of them can affect the 
existence of the agent (Yap and keong, 1999). The agent goes through different 
phases during its life time; creation, execution, decision making and learning. 

Firstly, in the agent creation phase, the agent is constructed with certain goals in 

mind (Franklin and Graesser, 1996; Maes and Wexelblat, 1996; Yap and keong, 
1999). The agent's goals are presented the problems being solved (Maes and 
Wexelblat, 1996). 

The second phase is the agent execution phase, which involves sensing and 
processing or manipulating the events targeted. The sensor is the most important part 
of the agent in that it is essential as a problem processor starter and as the agent's 
environment recogniser (Maes and Wexelblat, 1996). The sensors collect essential 
information about the environment that need to be manipulated (Maes and Wexelblat, 
1996). In the agent's decision making phase, it decides appropriate actions taking 
into account the data sensed in the previous phase. Finally, the agent's learning phase 
could be considered the most important of all since it determines what to sense in the 
future. Additionally, the agent learns how to deal with similar situations from 
previous experiences and adjust its actions to get maximum reward. 

The most important aspect of the fourth phase is that the agent learns and 
explores new ways to achieve its goals but does not change the goals it was built for. 
In other words, the agent has several tasks that it performs to accomplish its goals, 
and the agent's learning affects the performance of its tasks. Agents' sensing, 
learning and performance reflect the degree of intelligence that distinguishes them 
from the conventional programs (Maes and Wexelblat, 1996). 

The agent life cycle will operate until one of the following happens (Yap and 
keong, 1999): 

1. The agent stops accepting new tasks because drastic changes have been 
sensed in the environment. 

2. The agent's owner terminates the agent's execution. 
3. The agent's goals are no longer relevant to the users' tasks. 

4. Higher priority agents, or newer versions of the agents replace the old 
agents in a system. 

It appears that agents, like humans, have a limited life acting in the system (Yap 
and keong, 1999). However, this life can be extended by adding more intelligence to 
the agent and the discussion in the next section will cover different intelligent 
techniques. 

4.8 Agent intelligence 

The intelligence of the agent is the ability of an agent to adjust its behaviour 

according to the user's needs and to changes in the environment (Knapik and Johnson 
1998). The intelligent nature of an agent can be considered as one of the properties 
that distinguishes it from other entities (Maes and Wexelblat 1996). As(Knapik and 
Johnson 1998) put it, the agent's intelligence is represented in: 

- Reasoning about the world or domain in which the agent finds itself. 
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- Reasoning under uncertainty, with imprecise or incomplete data. 

- Discerning patterns, learning from and generalising a specific aspect. 

- Evolving to work appropriately with the situation observed. 

- Adapting the structure of the agent to maximise its autonomy. 
Several methods have been used to integrate intelligence within an agent; each 

method is specialised to handle one or more of the attributes mentioned above 
(Knapik and Johnson 1998). Three basic techniques have been used to develop the 
agent intelligence; fuzzy logic, neural networks, and genetic algorithms (Knapik and 
Johnson 1998). 

4.8.1 Fuzzy Logic 

Generally fuzzy logic based systems are computational systems that enable 
computers to deal with uncertain and imprecise data from a real world(Knapik and 
Johnson 1998; Mukaidono 2001). The fuzzy logic converging technique is used with 
the agent technology to enhance the agent's ability to cope with uncertain and new 
domains of data collected from either the users or the environment (Knapik and 
Johnson 1998). It can process ambiguous information based on Zadeh fuzzy set 
theory proposal (Zadeh 1994), which is founded on computational linguistics 
variables (Harris, Moore et al. 1993). Fuzzyfying the crisp or numerical variables is 
considered the first component of the fuzzy logic controller (Harris, Moore et al. 
1993). The second part of the fuzzy system is the inference, which contains fuzzy 
rules that are responsible for producing appropriate fuzzy output. Defuzzification of 
the fuzzy output is the third component of the fuzzy logic model, and it changes the 
output to crisp values (Harris, Moore et al. 1993). Figure 4.1 shows the main 
components of the fuzzy logic system. 

The linguistics variables used in fuzzy logic are the words used to describe or 
criticise a specific entity (Knapik and Johnson 1998). For example, the linguistic 
variables that might be possible to characterise distance could be of the form of Very 
Close, Less Close, Close, Far, Really Far and etc. (Harris, Moore et al. 1993). Fuzzy 
logic linguistics variables differentiate it from the other techniques and make it 
suitable for several applications mentioned by different authors (Knapik and Johnson 
1998; Mukaidono 2001): 

- Experts systems. 

- The production, processor of controlling systems such as controlling the 
system temperature. 

- Assessing in market prediction and trading. 

- Inventory control. 

- Route planning. 

- Patterns detection. 

- Controlling for robots and Roberts arms. 
Expert systems are used for problems diagnosis, planning, prediction, natural 

languages and user interface (Knapik and Johnson 1998). Expert systems applications 
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are considered to be the most significant beneficiaries of the fuzzy logic (Knapik and 
Johnson 1998). 

Decisions in fuzzy logic systems are based on the identification of inputs in the 
form of linguistic variables driven from the membership functions (Lin 1994). The 
membership functions are formulas used to determine the degree of the relationship 
between the input variables (crisp) and the fuzzy input sets (Lin 1994). The 
fuzzyfication process consists of calculating the membership function of the crisp 
input variable that produces values between (0- 1). Different membership functions 
have been established to support a mapping of crisp input variables to their 
correspondence (0-1), such as triangular, trapezoidal, quadratic, gaussian and crisp or 
boolean (Harris, Moore et al. 1993). The selection of the function depends on aspects 
of the variables, for instance, whether the crisp values are infinite. Also, membership 
function or the fuzzy sets selection affect the output, since the fuzzy output is directly 
dependent upon the shape of the function selected (Harris, Moore et al. 1993). 

Fuzzy Rules 

T Crisp Fuzzification Defuzzification Crisp 
Input 10 

Inference utput 
Part 

Figure 4.1: Generic Fuzzy logic Controller 

The second part of the fuzzy logic system is the fuzzy inference which contains 
the fuzzy rules. The fuzzy rules are conditional linguistics statements or equivalently 
fuzzy relationships between the input and output fuzzy sets (Harris, Moore et al. 
1993). Each rule can be formed in the IF-THEN logic format and matches the input 
variable with the appropriate output (Lin 1994). All the logical operations can be 
applied to form the conditions of a fuzzy rule, operations such as logical AND, OR, 
difference. One or more fuzzy rules can participate in generating the fuzzy output. 

Different aggregation functions, such as centroid (Lin 1994), min and max 
(Harris, Moore et al. 1993) might be applied to the output calculated from the fuzzy 
inference part in order to come up with a specific value. 

In order to describe how the fuzzy logic is processed, we will consider the fuzzy 
colouring model established as part of this research by (Abulkhair and North 2003). 
Abulkhair and North (2003) fuzzy colouring model was used to measure the colour 
contrast between the text and background colour in a web pages. The fuzzy colouring 
model involves two phases, the colour intensity measurement and then the colour 
contrast measurement to produce a reasonable usability evaluation. In the intensity 
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measuring phase. the text or background colour is input. The input is fuzzytied to an 
equivalent fuzzy linguistic variables form using a triangular membership function (see 
Chapter 6. Section 6.5.2). For this fuzzy model the linguistic variable's range is: 

Dark, Mi dDa rk, Medium, Mi dLi gh t and Light. 't'here are around 125 
fuzzy rules to derive the colour intensity measure, and these can inter the intensity of 
the colour even if its intensity lies between two consecutive linguistic input variables. 
The colour intensity inference depends on applying all the rules that involve the 
colour intensity fuzzy input. 

For instance, if the text colour is (#00 33 ff) hexadecimal, then in the R(i13 

colour analysis: red is 00. green is 51 and blue is 255. Since 33 hex and 51 decimal 
lie in the overlap area as Figure 4.2 shows, two fuzzy rules are selected, those which 
contain Mi i dDa rk and Dark for the green part of the 1W11. Thercl'ore. two 
membership functions are calculated and two fuzzy rules are involved in the output 
inference. in order to produce a reasonable solution, the first fuzzy rule is: 

IF ( Red IS Dark) AND (Green IS Dark ) AND (Blue IS Light) 'l'11EN 
(Colourlntensiql IS Darkish) 

Whereas the second one is: 

IF ( Red IS Dark) AND (Green IS MidDark ) ANI) (Blue IS Light) TUEN 
(Colourlntensits IS Medium) 

Figure 4.3 illustrates the range of the colour intensity fuzzy output. In order to 
come up with a crisp value the fuzzy output is aggregated by using a centroid function 

and then defuzzified. The crisp colour intensity value defuzzilied is equal to 47.5. 
The details of this fuzzy model can be seen in Appendix C. 

ti Dark 'ý'tidDark \'TPdiiin Mirll, i'ht 14" 1 t 
01, 

LE 

UI I_ 
0 50 100 150 200 250 

The value of colour component = 51 

Figure 4.2: Two Membership Function Values for Fach Number Lies in 
the Overlap Area 
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The Fuzzy Logic Adaptive Model of Emotion (FLAME) is an adaptive agent 
that acts as a pet (EI-Nasr. Yen et al. 2000). The (EI-Narr, Yen et al. 2000)'s agent 
focuses on the emotions produced by the dog and it is affected by the users' 
responses. The agent fuzzy rules are of the form: 

IF emotionI is Al AN1) 

emotion? is A- AND ...... AND emotionk is Ak 

AND Event is E 

AND Cause (E, ß) 

THEN BEHAVIOUR is F 

Duksn Yu, flarh Anh Mi Duh Duhs}i M1kiýuu I 1. ßh MfldL k LKFi J. "' ijd Lit 

0 10 20 30 40 50 60 "0 30 90 100 

Figure 4.3: The Range of the Colour Intensity of the Furzt' 
Colouring Model 

Where K is the number of emotions involved. Al 
, 

A2 and Ak are fuzzy 

input sets defining the emotional intensity of the dog, High Int eu ity, 
Lowlntensity or Mediumintensity. The event is described by E and the 
cause of the event is described by B. An example ofthe fuzzy rules 

IF Anger is Highintensity AND Fear is Medium Intensity 

AND Dish-was-taken-away 

THEN BEHAVIOUR is growl 

The ü:: ýr. ýe:: ýý ty- emotion can he presented by Anger and by using this 
form of fuzzy rules. the agent's negative emotion inhibits the positive emotion and the 
behaviour is affected. This example shows how the fuzzy logic can be used to control 
the behaviour of the adaptive agent. 

As discussed earlier, fuzzy logic has been used in experts system for users' 
interface problems (Knapik and Johnson 1998, Ahulkhair and North 2003). 
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Abulkhair and North's study (2003) showed that fuzzy logic works effectively in 
measuring the colour intensity and then producing a proper usability rate. In order to 
manage a wide and imprecise range of web usability guidelines, it is reasonable to use 
fuzzy logic to control the evaluation and to involve a large number of current usability 
guidelines. That is why fuzzy logic was used to control the usability measurement. 

4.8.2 Neural Networks 

The neural networks is modelled on neurons in the brain (Hertz, Krogh et al. 
1991). Neural networks mimics certain aspects of the architecture of a human brain 
and applies the brain's biological mechanism in learning (Knapik and Johnson 1998). 
This imitation enables the neural network to learn how to do specific tasks rather than 
codifying every single step in the algorithm that executes the task (Caudill and Butler 
1990; Knapik and Johnson 1998). Neural networks learn how to achieve their task or 
tasks by training. This is done through the recognition of the information patterns, an 
important characteristic of neural networks (Knapik and Johnson 1998). 

Neural networks consist of three common layers, the input, hidden and output 
layers (see Figure 4.4). Each of the three layers consists of a different number of 
elements (nodes) which are sometimes called neurodes (Caudill and Butler 1990). All 
the neurodes in the networks are interconnected by unidirectional links called 
synapses that link each output with the recipient input neurode (Caudill and Butler 
1990; Lin 1994). Each neurodes in the input layer receives its inputs from sources via 
weights (Lin 1994; Knapik and Johnson 1998). The weights are either negative or 
positive numbers calculated to determine whether the neurode "fires" or "succeeds" 
by producing a value at the output (Knapik and Johnson 1998). The weights of the 
hidden layer, which is located between the input and output layers, are crucial to the 
ability of the neural networks to learn (Knapik and Johnson 1998). 

Inputs 

Input Layer 

Neurodes Hidden Layer 

Output Layer 
Synapses 

Outputs 

Figure 4.4: Generic Neural Networks Architecture 
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The neural network is modelled on three basic entities, the model of the 
neurodes, the synaptic interconnections and structures, and the training rules (Lisboa 
1992; Lin 1994). Knapik and Johnson (1998) summarise neural networks training; 
the weights are initialised to some values and the output results are compared to the 
output desired. The difference between them is the error. This process should be 
repeated until the output goals are reached. 

Pattern recognition, transformation and classification are the most common 
neural networks applications (Rich and Knight 1991; Lisboa 1992). Therefore, it is 
reasonable to utilise neural networks in applications such as sales forecasting, defence 
systems for identifying the friends from the enemy, optical character and hand writing 
recognitions (Knapik and Johnson 1998) and other examples cited in (Lisboa 1992). 
Neural networks store data in weight patterns (Caudill and Butler 1990) which are 
still at too primitive a stage to be applied to dynamic inferencing (Rich and Knight 
1991). Thus, this technique for producing intelligence was not utilised in this 
research, because the dynamic nature of web page designs and their measurement 
mean it is inappropriate to do so. In addition, the research aims to customise the 
usability evaluation to the webmaster's feedback, which is dynamic too. 

4.8.3 Genetic Algorithms 

A genetic algorithm is a computational model with a basis in the biological 
process of evolution (Forrest 1996; Melanie 1996; Knapik and Johnson 1998). 
Genetic algorithms are simply stored in a computer's memory maintaining a gene 
pool for individual parameter settings and performance metrics or goals. The creation 
of new components is made by producing more copies of the successful components 
that met the goals, and deleting the less successful ones. The copies are produced by 
two operations; mutation and crossover (Forrest 1996). A fitness function is utilised 
to optimise the parameters produced to best suit the agent goals (Knapik and Johnson 
1998). The generic algorithm performance has three components mentioned by 
(Forrest 1996): 

- Large population initialised randomly to provide independent sampling. 

- High-fitness individuals are preserved through selection. 

- Crossover combines partial solutions from different strings onto the same 
string to maintain a population of candidate solutions. 

Genetic algorithms are highly recommended for optimisation tasks such as 
searching in a wide sample of data, scheduling problems (Zheng and Kiyooka 1999) 
and sorting networks (Forrest 1996). It is not appropriate to use this type of algorithm 
in this research. The multilingual automated web usability evaluation agent 
implemented needs extra information such as webmaster's feedback to customise its 
assessments. On the other hand genetic algorithms do not use extra information, and 
as a result have a slow convergence rate (Zheng and Kiyooka 1999). 
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4.9 Learning Techniques 

A machine cannot be called intelligent unless it is able to learn to process the 
problem it is solving in different ways, or to adapt to new situations (Rich and Knight 
1991). However, (Anthony and Bartlett 1999) defined learning as the adjustment of 
the system in response to data generated by the environment. Adaptive ability is one 
of the important agent's characteristics, as it involves the agent's ability to learn from 
the user or from the environment. The learning techniques are classified into three 
major groups; graded, supervised and unsupervised learning (Caudill and Butler 
1990). 

Supervised learning provides the learning algorithm with the inputs and 
corresponding desirable outputs (Caudill and Butler 1990; Hertz, Krogh et al. 1991; 
Lin 1994; Knapik and Johnson 1998; Serban 2003), it is like the tutoring or teaching 
in schools. Unsupervised learning is a self organising learning technique that might 
be given an input but the output targeted is not provided (Rich and Knight 1991; 
Knapik and Johnson 1998). It works efficiently with redundant input data, which 
gives the algorithm the opportunity to explore the input pattern (Hertz, Krogh et at. 
1991). Graded learning is not provided with actual output pattern but only given a 
feedback to indicate its performance (Caudill and Butler 1990). 

These algorithms can be presented in different forms such as backpropagation 
networks, Boltzmann machine, Hopfield networks, Hybird learning algorithm, On- 
line supervised learning, Reinforcement Learning, etc. and they have been discussed 
by different authors (Caudill and Butler 1990; Hertz, Krogh et al. 1991; Rich and 
Knight 1991; Lisboa 1992; Harris, Moore et al. 1993; Lin 1994). 

4.9.1 Reinforcement Learning 

Reinforcement learning is the way of exploring the environment and improving 
the behaviour of the agent by giving it feedback about his performance (Serban 2003). 
But even though reinforcement learning has been considered as a form of supervised 
learning (Hertz, Krogh et al. 1991; Serban 2003); (Blumberg, Downie et al. 2002) 
classify it as an unsupervised learning. Neither of these considerations is accurate, 
since reinforcement learning is aimed at maximising the reward in the absence of a 
teacher (Blumberg, Downie et al. 2002), and that contradicts the first suggestion. It 
is not unsupervised learning because to perform its goals reinforcement learning 
should be provided with a reward, which is one of the four common reinforcement 
learning elements (Sutton and Barto 1998). However, it can be classified as graded 
learning since it just needs a feedback from the environment instead of being provided 
with the input and associated target output values. A differentiation between the 
reinforcement and supervised learning has been expressed by (Lin 1994). The 
feedback is for evaluating the output but not for instructing the system using the 
reinforcement learning (Hertz, Krogh et al. 1991). The feedback could be in the form 

of yes/no (Hertz, Krogh et al. 1991), or by either positive or negative real values 
(Rich and Knight 1991). 

Reinforcement learning is founded on four main elements; the policy, reward 
function, value function and optionally the model of the environment (Sutton and 
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Barto 1998). Policy defines the learning agent's behaviour at a given time, and the 
reward function is used to determine the goals of the reinforcement learning. 
Reinforcement learning has been utilised by different authors (El-Nasr, Yen et al. 
2000; Seo and Zhang 2000; Seo and Zhang 2000; Isbell, Shelton et al. 2001; Shapiro, 
Langley et al. 2001; Blumberg, Downie et al. 2002) to customise the agent's 
behaviour. Figure 4.5 depicts the reinforcement learning procedure containing the 
steps presented in (Isbell, Shelton et al. 2001). 

The Q-leaming algorithm is a specific type of the reinforcement learning that 
can map a state to an action to maximise the reward (Sutton and Barto 1998; Isbell, 
Shelton et al. 2001). Reinforcement learning has been used to learn user's 
preferences by observing the user's reactions to the filtered documents and to adapt 
the most significant terms that best represent user's interests (Seo and Zhang 2000) 
while Icarus is an agent architecture that embeds a hierarchy within the language for 
specifying agent's behaviour (Shapiro, Langley et al. 2001). Different authors 
(Kauchak; Brown, Jr. et al. 1998; Kauchak 2001; Blumberg, Downie et al. 2002; 
Turner, Agogino et al. 2002) utilised reinforcement learning to customise the 
behaviour of their agents in different ways. Thus, it is reasonable to utilise Q-learning 
in this research, since it is widely used in personalisation and shows effective results 
in customisation. Because the multilingual automated web usability evaluation agent 
developed in this study needs to customise its evaluation to the webmaster's feedback, 
it needs a learning technique that can provide a certain degree of personalisebility 
which can be achieved by using Q-learning. 

1. The agent senses the state of the environment 
and executes the appropriate action. 

2. The agent receives a reward for its performance. 
3. The agent chooses actions to maximise the 

reward, and maps from states to actions that 
achieves the agent's goal. 

Figure 4.5: Reinforcement Learning Generic Procedure 

4.10 Conclusion 

It is clear that agent technology can act on behalf of users and can support them 
to resolve a set of tasks that might tedious, repetitive, dull or hard to perform. Agent 
technology can be utilised in various applications, but this technique should have a 
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certain degree of intelligence in order to work efficiently. There are several 
techniques to implement the intelligence of the agent such as fuzzy logic, neural 
networks and genetic algorithm. Additionally, many authors have suggested 
developing intelligent agents with the combination of one or more of the techniques 
mentioned earlier. These techniques also might be supported with several learning 
approaches to increase the learnability and the adaptivety of the agent developed. 

Integrating agent technology in the automated web usability evaluation is 
considered a crucial step for developing intelligent automated web evaluation. The 
current study will utilise the agent technology to analyse, evaluate and customise the 
agent's evaluation to the webmaster's preferences. The analysis involves the 
identification of web metrics under scrutiny. However, the evaluation will be based 
on the current usability guidelines in combination with user satisfaction, which is part 
of this research and its methodology will be discussed in the next chapter. 
Customising the evaluation to the webmaster's feedback involves the utilisation of 
three learning approaches which will be discussed in Chapter 6. 
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Chapter Five 

The User Satisfaction Methodology 

5.1 Introduction 

The existence of several web usability evaluation methods, discussed in 
Chapter 3, increases experimenters' capabilities in discovering interface problems. 
Using more than one usability evaluation method is a valuable technique to produce a 
reliable assessment. Each method tries to handle some aspect of usability which the 
other methods cannot. Among these, user testing and user satisfaction is a common 
usability testing technique which involves investigating web interface features that 
have a direct impact on users. 

In order to explore the users' preferences, user satisfaction was selected because 
it is considered to be the closest technique to the users; it can be applied to discover 
users' favourites, thoughts and working habits (Nielsen, 1993; Ivory, 2001; Ivory and 
Hearst, 2001). Furthermore, it is used widely to identify differences in users' culture 
(Yeo, 1998; Lee, 1999; Marcus and Gould, 2000; Goonetilleke et al. 2001; Marcus, 
2001). A remote user satisfaction technique in particular was chosen because it 
allows users to be tested in their normal environment rather than in a laboratory. 

This chapter discusses remote usability testing and how it was used to discover 
both Arabic and English users' preferences as regards some of the main features of 
the web page layout. To enhance the information presented within the web page, 
cultural needs must be reflected in the web page design. Due to the lack of any 
usability guidelines especially intended for Arabic web pages, with their different 
script and writing direction, it was necessary to carry out a user satisfaction to acquire 
knowledge of Arabic users' likes and dislikes. Additionally, it is appropriate to have 
similar knowledge about English users' preferences to validate the current usability 
guidelines. 

Remote usability testing was used, since it is appropriate for web environment, 
because it is reasonable to test in working, studying and home environments. In other 
words, the test does not have to be run in the laboratory to get effective results; 
instead, the participants' interaction with the web should be measured in the 
participants' usual working environment. Changing the interface environment 
influences the design and the users' choices, since the users' environment is 
considered one of the interface aspects that might affect the interface design (see 
Chapter 3, Section 3.4). One of the main aims of this research is to recognise the 
users' preferences in any environment, home, work and study places etc. to produce a 
general purpose users' preferences. The details of the remote user satisfaction are 
discussed in this chapter. 
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5.2 Stages for Conducting the Remote Usability Testing 

As mentioned in Chapter 3, Section 3.6.2.1, usability testing in general passes 
through several stages before getting the results. However, the stages for this remote 
usability testing are as follow: 

5.2.1 Test Plan: 

Five major goals were set for this remote usability testing; attractiveness, 
scanability, legibility, readability and different aspects' utilisation. These goals were 
set to test both Arabic and English users in their own language, since localising the 
usability testing language representation is considered to be of the factors, which 
affect the usability testing success (Yeo, 1998). In order to shorten the test, the 
remote user satisfaction was performed in three individual phases, each phase has its 
own task and all of them work cooperatively to achieve the usability testing final 
goals. The content specification of all the three stages of the usability testing is 
discussed in relation to the questionnaire specification from this chapter. However, 
the layout of the web pages that contained the test were considered with reference to 
the current guidelines in web presentation, such as selecting dark text over light 
background colour (Shneiderman, 1998; Nielsen, 2000; Lynch and Horton, 2001; 
Nielsen and Tahir, 2002). 

5.2.2 Selecting Participants: 

The remote usability testing involved in this study aimed to identify general 
usability principles rather than specified usability guidelines. The participants 
targeted were habitual web users, since the need is to learn about general users' 
preferences. For this usability testing, there is no need for demographic information 
about the participants except their native language, since the cultural differences 
affect the users' preferences, thoughts and feelings (Lee, 1999; Marcus and Gould, 
2000; Marcus, 2001; Badre, 2002). However, children were not enrolled as part of 
the participants, since they have different concerns and special web page presentation. 

5.2.3 Preparation: 

Six questionnaires were created, three for each language, and classified to cover 
different legibility and other relevant aspects. The questionnaires were divided into 
colour, text, title and alignments. The English questionnaires were built up first, and 
revised several times by a native English speaker. Then same the questionnaires were 
translated to Arabic by a native Arabic speaker who is fluent in English. The 
questionnaires' web pages were constructed in a form of multiple choices, yes/no 
questions and dropdown menus, depending on the question type. Several questions' 
forms are shown in Figure 5.1 and Appendix D has all the Arabic and English 
questionnaires. For instance, a multiple choice question is used for question 4, 
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whereas question 5 represents the yes/no type and a drop menu is provided 6or 

question 6. 

1171 

File Edit View Favorites Tools Help 

r+ Back "" Address J htfp Iiwww dcs shel ac ukl"maysoon/ColourQues6onnaire hlml ý Go 

Question 4 

What are the areas that you prefer to be in different colours? 
Document Title 
Important information in the text 
Tables 
Subtitles 
None 

Question 5 

Do you like a Dark background colour? 
Yes 
No 

Question 6 

Which is closest word to what the following colours suggest to you? 

White Purify 

Black i None 

Red tiýeurninq 
dýsgraee 

Blue 

Done Internet 

Figure 5.1: The Forms of the Questionnaire's Questions 

Also. usability testing involved the development of online examples to make it 
easier for the participants to choose their favourites. Figure 5.2 shows how these 
examples were presented. At the end of' each questionnaire there is an appreciation 
message which thanks the users for their participation. After the participants 
completed the questionnaire. they can submit it by pressing the submit button which 
appears at the bottom of the Figure 5.3. 

After completion of the questionnaires web pages development, the participants 
were sent an email which politely encouraged them to participate in building the 
users' preferences and contained the URL user satisfaction address. 

T 

55 



KWVP 

File Edl View Favorites Tools Help 

4- Back AddressFO nttp'. 

- d_ hoa, , k: ý , ý, ý; ........... . ht"'I The First Online Example 

Underground Facts 

1.1,, st FL,, , _., ..,,..., .-. I icq týi: ýI 
f u1 

under the VcL . :wi. ..... .. 
^:: ecovetedTh+ br_. Ftst c ave st: stemý of xtl ur fun) uý tlur4. l., ýni. f.: t. L 
;:.,? stone lt is tauates. seepng mto the poundthat dtssolvrs, of eeU a! n". 1117 
.t ýL ::... SS, 9ren raursat-t rnr: Lyirts m att ni ýIina. 9r fin t1 . a, . ntn I Ili,. r. ,ln 
.: _. certain tyjl, s )f! -, I, :; - 1, _::!,, t"', 

II'. 

i3 Done IV Infemel 

Figure 55.2: The Online Examples within the Colour Questionnaire weh 
Page 

Fde Edi View Fjvontes Tools Help 

4, Back Address j http %-, a dc: >hel ac aF; 'rnyt- ,, l rxtQueshonnaoe html +a Go 

Aiost or the Lartil s Iand1 has now ' been 
surveyed and mapped but there are 
many naves sunder the orcbnnd wwhirh 

Earth Facts 
Undergtöur d Facts 

Most of flu E. nh laid h. no been surveyed and mapped b thre at m cros miler Uu gmmd Much by still 
Legible 

to be e>pka d AM thee may b, mrne cull to be d . Loh .d Tb. btest cave ryf Vms of all .r kt dm th. d lgns 
af, roch called linestme ! ss n¢nocu, seepny, aeo the 0mw , thn dasolv<s, a bus way, rocks nuh as rock L. k 
Wiss. ru%v"ctttuss tabors dwxide Earn tlu ea mdUu soil, a uu ue wedle end on ctu type, of rocl., nthu 
l=est- 

The Submit Button 
mau nd t-n to fnd the, y w. z, e m m, d. m. In mt 

tlv t, ratan t nbma 560 Fm i 34S mile 1 Ionti Th.: 'ernrah r}, unL. r a, 

The Appreciation Message 
suel�ýt iz5er 

you for your time and the valuable infonnation you are subriur ing. 
. _J 

Dort 0 Warnet 

Figure 5.3: The Representation of the Submit and Appreciation Message 

56 



5.2.4 Introduction: 

An introduction is located on the top of each questionnaire's weh page, six 
introductions were written, three for each language, Arabic and English. "ach 
introduction gives the participants a general idea about the colour, text and title and 

alignments effects on the web design and how these different issues might affect user 
acceptance. The general idea makes the users concentrate on the main topic of the 

running user satisfaction, which is reflected in their answers. Figure 5.4 illustrates the 

position of the questionnaire introduction such as text questionnaire as presented in 

the Figure. 
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Figure 5.4: The Position of the Text Questionnaire Introduction 

5.2.5 During the Execution of the test 

To increase the reliability of the test. the experimenter must not influence the 
participants with either negative or positive reactions that include verbal, non-verbal 
signals. such as faces or hand expressions (Nielsen. 1993: Rubin. 1994). Since there 
is absolutely no interaction between the participants and the experimenter during the 
remote usability test. because they are not in the same location, this will guarantee a 
certain degree of reliability according to recommendations (Nielsen. 1993: Rubin. 
1994). 
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5.2.6 Debriefing 

None of the usability testing questions needs to be justified, so there are no 
comment spaces within the usability testing web pages. However, participants could 
send their comments if they have any, via email when the results of the user 
satisfaction are submitted. These comments do not affect the results of the user 
satisfaction evolved in this research, but they might be considered in future studies. 

5.2.7 Transforming the Data into Findings 

A comprehensive analysis will be covered in Chapter 7, which associates these 
results with the current usability guidelines and then recommends alternatives for 
some of the usability principles, if they differ. The usability testing findings in 
combination with the current usability guidelines would form the basics for the 
control of the evaluation of the agent. This will be done using fuzzy logic, and will be 
described in Chapter 6. 

5.3 Questionnaire Specification 

The three questionnaires constructed involved consecutive issues: colouring, 
text specification and title and alignment specification. Web readability is a common 
issue involved in all of the questionnaires, because it is considered to be one of the 
factors that are important to users (Goonetilleke et al. 2001). Each of them has further 
details and is discussed in the following sections. 

5.3.1 Colour Usability Questionnaire Specification 

This questionnaire is intended to study different web usability aspects related to 
colour and how they might affect the usability of any web page. All the questions are 
focused on three major issues; readability, legibility and attractiveness. In addition, 
there are some other questions that affect the readability such as the utilisation of the 
colours in different parts of the web page. The meaning of the colours used might 
vary from one culture to another (Russo and Boor, 1993; Marcus and Gould, 2000; 
Badre, 2002); consequently they can be used differently to display the information. 

The meanings for each colour included in the questionnaire are derived from the 
most popular colour meanings in both Arabic and English. Nygaard and Fahrmeyer 
(2001) described red as one of the powerful colours that can be used for attention, 
while it can mean joy in Arabic culture. There are some feelings associated with 
particular colours such as: green is envy, and blue is sad as mentioned by (Terpstra 
and Sarathy, 1994), whereas spring is the other common indication for green and calm 
for the blue. Black is mostly associated with mourning in western countries (Terpstra 
and Sarathy, 1994; Nygaard and Fahrmeyer, 2001) whereas in the Arab culture it 
might indicate disgrace. Usually, white represents purity and cleanliness, but in the 
Eastern cultures white means death as stated by (Nygaard and Fahrmeyer, 2001). 
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Yellow symbolises the brightness of sunshine (Parzek, 1997; Nygaard and Fahrmeyer, 
2001), and means happiness according to other authors (Parzek, 1997). 

Individually, each colour has its own symbolic meaning; the combinations of 
different colours might change their meanings. Combinations might produce their 
own symbols, which can be added to the original colours' meanings. The 
consideration of colour combinations is very important in the web design because that 
might significantly affect the users' perception. As well as the symbolism, colour 
combinations can also affect the readability of the web pages. Therefore, there are 
several questions in the questionnaire concerned with web page legibility in relation 
to colour contrast. These questions involve measuring the contrast associated with the 
same four examples to test different aspects of the web design in order to have a 
consistent assessment from the users. 

There are other questions that study the utilisation of colour in a web design. 
All the colour questionnaire questions are applied to both Arabic and English to study 
the web design differences which might affect the web usability. Since the 
presentation of any language is associated with a different culture and values, it is 
important to focus on these issues to produce colour usability guidelines relevant to a 
particular language. 

5.3.2 Text Usability Questionnaire 

This questionnaire starts with some questions about the ways users look at the 
web page. The questions focus on the first point the users' eyes scan, and so relate to 
the title and text body. The text specification is the focal point of this questionnaire. 
Text specification involves several issues dealing with the appearance of the text, in 
terms of letter size and shape. The text involves both subtitles and the body of the 
text. 

This questionnaire ends with the question about the users' preferences in text 
presentation and headings based on the legibility and faster scanning. In addition to 
discovering the ways the users scan web pages, this is important in organising the 
information. 

5.3.3 Title Usability Questionnaire 

Many of the usability guidelines for web page's title are discussed in the 
literature, however most of these recommendations are for the browser titles but not 
for the document title. It is good to have a detailed specifications for the browser 
title; on the other hand there should be at least some description of the document title. 
Part of this questionnaire is aimed at building basic principles for the document title 
such as the length of title suitable for Arabic and English users. 

This questionnaire will also include the alignment of the headings and the text, 
and what the users find reasonable for fast scanning and also reading. Users might 
lose concentration when reading if the web page is crowded with links; therefore, 
Nielsen (2000) recommended the inclusion of a small number of highly relevant links 
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in the web page. But do the users agree with this idea or do they like lots of links 
included in the web pages? This kind of query will be part of this questionnaire. 

5.4 Remote Usability Satisfaction Reliability 

In order to utilise remote usability testing findings in building the fuzzy rules, as 
it will be discussed in the next chapter, it is necessary to make sure that these findings 
are reliable. Two Cornbach's alpha reliability tests were used, since that is 
recommended by (Bums, 2000; Bryman, 2001; Pallant, 2001) to assess the internal 
consistency of the items and then ensure internal reliability. The first is driven from 
Cornbach alpha coefficient, which is reasonable at finding the correlation for more 
than ten items tested. This kind of test shows acceptable internal consistency, with a 
reported Combach alpha coefficient of 0.73 for the colour usability testing, which is 
an acceptable degree of consistency (Bums, 2000; Pallant, 2001). The second test 
performed is to report the mean inter-item correlation instead of alpha coefficient, 
because it is recommended for ten items and less (Pallant, 2001). The mean inter- 
item correlation for the text and title usability testing produced 0.3 and 0.4, which are 
both acceptable since they are between 0.2 and 0.4 as recommended by (Pallant, 
2001). Table 5.1 shows the Cornbach alpha reliability scale for the text and title 
usability testing, which involves the Arabic and English usability testing. 

User satisfaction Alpha's Value 
Text user satisfaction 0.3 
Title user satisfaction 0.4 

Table 5.1: Cornbach's Alpha Reliability Scale for Remote Usability Satisfaction 

5.5 Remote Usability Satisfaction Validity 

The validity is the degree in which the method measures what it is supposed to 
measure (Pallant, 2001). The remote usability testing method used in this research is 
designed to study the preference differences between Arabic and English users. Thus, 
it reflects the cultural differences. For instance, the usability testing method used 
provided descriptions of the characteristics of different web aspects such as 
attractiveness, scanability, legibility, readability and different web aspects usage such 
as colours. The reliability degree established in the previous section indicates that the 
remote user satisfaction used in this research is valid and its findings can be used in 
establishing the foundations for Arabic usability guidelines and validating the current 
usability guidelines for English. 

The detailed description of the remote usability testing findings appears in 
Chapter 7. The next chapter contains a discussion of the second part of the 
methodology which describes the specification of the automated web usability 
evaluation applied using agent technology. 
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Chapter Six 

Multilingual Interface Agent's Methodology 

6.1 Introduction 

Different approaches have been used to automate the web usability assessment 
(Scholtz et at. 1998; Hong et al. 2001; Ivory, 2001; Paganelli and Paterno, 2002; 
Paterno, 2003). These were summarised in Chapters 2 and 3 and significant 
weaknesses identified: - lack of intelligence, and little use of customisation. Several 
tasks must be achieved as part to the customisation of the usability measure for web 
pages. These include computing web metrics, reporting the web page usability 
evaluation to the webmaster, and learning from the webmaster's feedback for future 
evaluation. Different learning and intelligent algorithms are used to perform the 
usability evaluation and its customisation. The intelligence implemented in this study 
is discussed in Chapter 4 and uses the agent technique to control its application. 

The first section of this chapter is a description of the web aspects investigated. 
In the second section there is a discussion of the web metrics calculated and the third 
section involves the research sample and the HTML tags included, followed by a 
detailed description of the agent methodology. 

6.2 Web Aspects Under Scrutiny 

As mentioned in Chapter 2, there are large numbers of web design 
recommendations, which provide web developers with useful usability guidelines 
(Nielsen, 2000; Sklar, 2000; Ivory, 2001; Ivory and Hearst, 2001; Lynch and Horton, 
2001; Nielsen and Tahir, 2002). This abundance of usability guidelines only applys 
to design guidelines for English web pages but most might be also appropriate for 
web pages constructed in similar Western languages. However, these guidelines may 
not be reliable for languages with different writing directions, different characters and 
scripts such as Arabic. 

One of the main goals of this research is to establish some basic usability 
guidelines for maintaining legible Arabic web pages while, at the same time, 
validating the current usability guidelines maintained for English web pages. 
Therefore, the web aspects investigated by this research are those considered the main 
factors for web page legibility. This discussion will cover: 

- The text and the background colour contrast. Web experts always recommend 
the use of high colour contrast between the text and the background since the 
colour combination can either promote or deter the web page readability (Rigden, 
1999; Nielsen, 2000; Nielsen and Tahir, 2002). 
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- The number of colours used in the design of the web page. Since too many 
colours in the design reduces their functionality which in turn affects the 
readability (Badre, 2002). 

- The length of the browser title because it increases the load on the users' 
memory. Minimising the use of the users' memory is one of the major usability 
recommendations (Nielsen, 2000). 

- The Number of links in the web page. Many links within the web page might 
distract users from the main web page content (Nielsen, 2000). 

- Changes in the font sizes. The font size has a major influence on the legibility 
of web page (Laarni, 2003). 

- The font effects such as: bold, italic and underlined. 

- The alignments of both text and headings contained in the web page. The 
starting point of the text affects readability; see the current usability 
recommendations mentioned in Chapter 2 Section 2.7. 

- The number of images in the web page and their size. There are several 
usability recommendations that advise the developer to minimise the number of 
images in the web pages unless they are necessary. 

It is obvious that almost all of the different web aspects mentioned previously 
were related to the presentation of the text in the web page. The text specification 
investigated in the research included the font size, colour and position. Other factors 
that affect the font appearance include bold, italic and underline. Additionally, other 
aspects, that might reduce the scanability and readability, such as the number of links 
and the number of images in the web page, are included in the research. However, 
neither the background image nor the images' contents are included in the current 
analysis. 

6.3 Web Page Metrics Investigated in the Study 

All the web metrics were chosen to identify common key features that impact 
on the legibility of the web page. Fifteen web metrics were selected and computed in 
this study to measure the web aspects under scrutiny. These web metrics were studied 
by different authors (Ivory 2001; Ivory and Hearst 2001; Ivory and Hearst 2002; 
Chevalier, Ivory 2003). All of the web metrics selected in this research were used in 
WebTango, which is one of the automated web usability evaluation tool. However, 
WebTango processed these web metrics differently. WebTango is based on a 
statistical model that compares the web page tested with highly rated web pages and 
the interpretation of the data is different and so is the usability output rate. Thus, the 
WebTango output cannot be compared with the usability rate discussed in this thesis. 

Table 6.1 summarises the web metrics computed in the study. This research 
includes several web metrics such as: the number of words in a web page, number of 
font sizes, number of colours, number of links, etc.; these web metrics are just 
examples of quantifying web criteria. In other words, these web metrics can be 
extended to involve different text effects, colour usage, or the font size and the 
position of a sentence in the web page. All of these considerations should be 
measured in the future researche. 
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6.4 Research Sample and Targeted HTML Tags 

The aim of this research is to construct an agent that analyses and evaluates all 
the above web aspects for both Arabic and English web pages. The Java language 

was chosen to construct the agent because of its ability to execute downloaded code 
on remote hosts in a secure manner (Arnold et al. 2000). This ability makes it suitable 
for a network environment like the web. Also, it increase code productivity because 
of its ease of programming, safety and multithreading features (Arnold et al. 2000). 

Web Metric Description 

Web page size 
The actual size of the web page 
in bytes 

Word count 
The number of words on a web 
page 

Bold words 
The number of bold words on a 
web page 

Italic words 
The number of italic words on a 
web page 

Underlined words 
The number of underlined words 
on a web page 

Number of links The number of links on a web 
page 

Heading alignments 
Heading alignments employed 
and their number on a web page 

Text alignments 
Text alignments employed and 
their number on a web page 

Number of images The number of images on a web 
page 

Images sizes 
The total of images sizes within 
a web page in bytes 

Words in title 
The number of words in a web 

ae browser title 

Font sizes count 
The number of font sizes used in 
a web page 

Font size 
All the font sizes employed in 
the web page 

Text and background The colours employed in the 
colours web page 

Colour count 
The number of colours used in a 
web page 

Table 6.1: Web Page Metrics Computed in the Study 

However, the multilingual interface agent's implementation was based on 
HTML source code for both Arabic and English web pages. In other words, the agent 
inspects the web page design based on its HTML language layout. The selection of 
HTML was based on several factors; it is a very popular language, it is widely used to 
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construct Arabic and English web pages, is accepted by different browsers and is one 
of the official web languages endorsed by (W3Consortium 2004a; W3Consortium 
2004b). Furthermore, Java has a HTML parser library that can simplify the analysis 
of the HTML documents. 

Several HTML tags were used to identify the targeted web aspects. The 
following HTML tags are under scrutiny: 

- For the colour contrast evaluation, all the tags and those of their attributes that 
can change either the background or text colours were considered in the analysis of 
the HTML document. For instance, the Java HTML parser built to analyse 
changes in the background and text colour relied on the body, table and fon t 
HTML tags. 

- Only one tag can determine the browser's title. 

- The anchor tag was also considered in the HTML parser analysis because it 
participates in determining the number of the links in the web page. 

- The font size attribute can be analysed from both the base fon t and font 
HTML tags. 

- Other font effects such as bold, italic and underlined can be analysed by B, I 
and U HTML tags respectively. 

- Both the headings and text alignments can be analysed from several HTML 
tags: body, col, div, h1, p, table and td. 

- All the images in the web page tested can be examined from the img HTML 
tag. 

The determination of all these HTML tags is a crucial step for the web metrics 
computation. The HTML parser approach is discussed in the next section. 

6.5 The Automated Web Usability Evaluation Methodology 

The automated web usability evaluation approach utilised in this research 
consisted of four individual but related phases: the web page analysis phase, the web 
page evaluation phase, the learning phase, and the web usability evaluation controller. 
This approach was developed to evaluate the Arabic and English web pages that 
mainly contained information. In other words, the usability evaluation for both 
languages was based on the web page layout but it did not include any analysis of web 
page content such as: spelling, grammar, structure of the sentences, etc. 

Figure 6.1 illustrates the architecture of the multilingual interface agent and 
shows its four phases and how they cooperate with each other. The cooperation is 
shown by the information passed between them. Each phase is dependent on the 
phase before, which provides it with the data necessary to perform its own tasks, and 
all of them cooperatively work together to achieve the agent's goal. The agent's 
major goal was to customise the web usability evaluation to the webmaster's 
preferences. The webmaster is presented as the owner of the automated usability 
multilingual interface agent. 
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The evaluation process is started when the webmaster inserts the URL address, 
for the web page to be tested. The four different, distinct phases follow the 
downloading of the HTML source code. A detailed description of each phase is 
presented in the next sections. 

6.5.1 The Web Page Analysis Phase 

Downloading the HTML source code activates the analysis phase, which can be 
considered as the agent gateway for the web page evaluation. Two major tasks are 
performed by the analysis phase. The first task is to identify the HTML tags 
concerned in the study within the web page tested. The second task is to compute the 
relevant web metrics. The HTML parser and the Web Metrics Computation perform 
these two tasks respectively. 

A HTML document is divided into tags, text and comments. But the later are 
not included in this study since they do not affect the web page layout and the study 
also does not yet consider the other layout effects such as Java scripts, CSS, etc.. The 
HTML parser identifies the HTML tags mentioned above, and classifies them into 
start, end and simple HTML tags, which simplifies the identification of the 
important tags. These tags and their corresponding attribute(s), if there are any, can 
be used to collect some quantitative data from the HTML document. Therefore, the 
identified tags are considered as delimiters necessary for the web metrics computation 
section. 

The web metric computation applies to the text, identified by the tags. The 
actual metric is often a word count but for some tags it can be a byte count or 
repetition count, etc.. For instance, in order to determine the length of the browser 
title, the HTML parser identifies the existence of the beginning and the end of the title 
tag and then passes delimiters to the web metrics computation section. The latter 
section associates the delimiters with the text between them and counts the actual 
words. For the simple tags, the HTML parser passes only one delimiter to the web 
metrics computation section, which starts its calculation instantly. All the web 
metrics calculated are passed on to the web usability evaluation controller phase. 

6.5.2 The Web Page Evaluation Phase 

The raw data for this phase are the web metrics computed from the previous 
phase. A fuzzy logic model has been used to control the evaluation decisions and to 
infer the usability rate from the impact of different web metrics. The usability rate 
reflects the quality of the web page design. In other words, usability rate indicates the 
degree of effectiveness, efficiency and users' satisfaction for different web aspects. 
The higher the usability rate the better the usability weight and utilisation of different 
web aspects. The descriptions of the web metric measures vary consequently; four 
fuzzy input sets types are used to measure the following: 

1- The length of a specific web aspect. These fuzzy input sets are used for length 
quantities such as browser title length. This type of fuzzy sets is divided into 
nine levels and described as: VeryShort, Short, MildShort, 
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Shortish, Medium, Longish, MildLong, Long and 
VeryLong. 

2- The representation of specific web aspects. For instance, text specification 
(bold, italic, underline) web metrics which are measured by their number of 
words, are described using nine fuzzy sets: VeryFew, Few, MildFew, 
Fewish, Medium, Manyish, MildMany, Many, and VeryMany. 
The same fuzzy set can be applied for web metrics such as the number of links 
in the web page and image sizes. 

URL Address 
(need to be tested) 

I 

Th valu d web metrics 

a JVqiS Phase 
HTML Web Metrics The Evaluation 
Parser Computation Phase 

The iden fled tags Computed eb Metrics 

eb Metrics ne ds to be tested 

The new Eva uation goals 

Computed Web Metrics The Q-Learn ev luation 

The Learning 
Phase 

The Controller Phase 
Web M tries 'ebmaster feedback 

develope profile develo ed profile 
The usabi ty evaluation Web M 'es 

re it develope profile 

We Jsabdity re develo profile 

Webmaste s feedback 

Webmaster Feedback 

Figure 6.1: The Multilingual Interface Agent Architecture 

66 



3- The size of different web aspects. For example, the font size fuzzy input set 
are also combined from nine fuzzy inputs Verysmall, Small, 
MildSmall, Smallish, Medium, Largeish, MildLarge, 
Large, VeryLarge. 

4- The contrast of different web aspects. The most important contrast in the web 
page should be between the text and the background colour. The fuzzy input 

sets for measuring the colour intensity, for both the background and the text 
colour, are described as: Lightest, VeryLight, Light, 
MildLight, Lightish, Medium, Darkish, MildDark, Dark, 
VeryDark and Darkest (Abulkhair and North, 2003). 

Despite the four types of the fuzzy input set used, all of them produce the same 
fuzzy output presented in the following set: VeryLow, Low, MildLow, 
Lowish, Medium, Highish, MildHigh, High and VeryHigh. 

Different fuzzy rules have been applied in order to tune the fuzzy input to 
produce a proper fuzzy output, representing the usability rate. These fuzzy rules are 
derived from previous studies together with the results from the user satisfaction 
conducted as part of the research. For instance, to determine the usability rate for one 
of the bold text specifications, the fuzzy rule is: 

IF ( BoldText IS VeryFew) THEN (UsabilityRate IS VeryHigh) 

Many web experts recommend using some bold text (Nielsen, 2000; Nielsen 
and Tahir, 2002), and at the same time they recommend avoiding underlined text 
(Nielsen, 2000; Lynch and Horton, 2001). The user satisfaction validated both these 
recommendations. Therefore, the corresponding underlined text fuzzy rule differs and 
it is of the form: 

IF (UnderlinedText IS VeryFew) THEN (UsabilityRate IS MildHigh) 

However, the font size fuzzy rules differ from these rules. One form of the font 
size fuzzy rules is: 

IF (FontSize IS VerySmall) THEN (UsabilityRate IS Low) 

The fuzzy rules implemented to measure the length of specific web aspect, such 
as the length of the web browser's title within the web page, is: 

IF (TitleLength IS VeryShort) THEN (UsabilityRate IS VeryHigh) 

All the fuzzy rules mentioned here are samples to illustrate the fuzzy evaluation 
model, but the model is not limited to them. A large number of fuzzy rules for 
different fuzzy input set types which vary according to the web metrics tested are 
needed. All the fuzzy rules were derived from the current usability guidelines (see 
Chapter 2) in combination with the user satisfaction explained in Chapter 7 and 
empirical experiments conducted by the researcher. After experimenting with 
different types of membership functions to calculate fuzzy input, it was clear that the 
triangular function gave the most consistent answers; so a triangular function was 
used to calculate the fuzzy membership for all the fuzzy input types. The crisp value, 
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produced from the defuzzification process, varies from (0 - 100) where 0 is the lowest 

and 100 is the highest usability rate. 
Colour contrast was one of the most complicated web aspects measured, and its 

fuzzy model is composed of two nested fuzzy phases (see Appendix C). The first 
fuzzy phase was to measure the intensity of both the text and the background colours, 
whereas the second fuzzy phase was to measure the colour contrast between the text 

and background intensities. The details of both phases are presented in the next 
sections. 

6.5.2.1 Colour Intensity Phase 

it is necessary to determine the colour intensity of both the text and the 
background colours prior to the colour contrast assessment, which in turn is necessary 
to measure the usability rate. This phase uses the fuzzy rules to infer the colour 
intensity from its RGB components and their variations. Fach of these components 
can be split into five fuzzy sets: Dark, MidDark, Medium, Mid Light and 
Light. according to the amount used by the weh designer and then combined to give 
an overall colour intensity measure. To determine the overall colour intensity various 
fuzzy rules are applied to combine the RGB components in order to give a specific 
colour intensity value. The colour intensity is quantified as: Darkest, 
VeryDark, Dark, MildDark, Darkish, Medium, Lightish, 

MiIdLight, Light, VeryLight and Lightest. The ranges of each 
element in the colour intensity fuzzy set are presented in Figure 6.2. The fuzzy rules 
involve combining the RGB intensities determined earlier in the fuzzy sets to produce 
a fuzzy colour intensity. This process can be illustrated by the following example: 

IF (Red IS Dark) AND (Green IS Dark) AND (Blue IS Dark) THEN 
(Colourlntensiq, IS Darkest) (1) 

Red Fuß Input 
More than 
1 ZS Fuay 
rules to 

ccaßmlthe 
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Fuzzy Rules 
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Figure 6.2: The Intensity of the Colour 

Having established a general rule for colour intensity measuring, we also 
considered the special case of red/green colour blindness which is fairly common. 
The red/green colour blindness case is dealt with using the RGB colour intensities to 
produce an intensity of either Red or Green. This fuzzy rule is of the form: 

IF (Red IS Dark) AND (Green IS Medium) AND (Blue IS Dark) THEN 
(ColourIntensity IS Dark) AND (ColourBlind IS Green) (2) 

There are around 125 fuzzy rules to derive the colour intensity measure, and all 
of them followed the form of either example, (1) or (2). Both forms of fuzzy rule are 
based on experimental results. 

The colour intensity crisp value, computed from the defuzzification process, 
varies from (0-100) where 0 is the darkest and 100 is the lightest. 

6.5.2.2 Colour Usability Rate Phase 

Once the colour intensities have been established they are employed in the 
colour usability rate phase. This is a crucial part of the model, because it integrates 
the two colours intensities with the most common colour blindness case to produce an 
appropriate colour usability rate. Thus the specification of the colour intensity fuzzy 

set is inherited from the previous phase to infer the colour usability rate from the 
colour contrast measure. The colour usability rate can be categorised as VeryHigh, 
High, Highish, Medium, Lowish, Low and VeryLow. The VeryHigh 
colour usability rate is achieved by the most widely recommended usability guidelines 
for colour. For instance, the combination of a white background together with black 
text (but not the other way around) will be given the highest colour usability rate, 
(Shneiderman, 1998; Nielsen, 2000; Lynch and Horton, 2001; Nielsen and Tahir, 
2002) whereas a low contrast between the text and background colour indicates low 
colour usability evaluation. This guideline is applied in the following form of the 
fuzzy rules: 

IF ( Textlntensity IS Darkest) AND (BackGround Intensity IS Lightest) 
THEN (ColourUsabilityRate IS VeryHigh) 

Even where there is sufficient contrast between a dark background and light 
text, some usability experts give this a lower usability rate than the reverse 
(Shneiderman, 1998; Nielsen, 2000; Lynch and Horton, 2001; Nielsen and Tahir, 
2002). However, there are other usability guidelines which strongly recommend the 
use of the dark background, light text combination (Rivlin et al. 1990; Preece et al. 
1994). After some experiment, it was decided to adopt the more recent 
recommendations, and the colour contrast fuzzy model will give this a lower usability 
rate than the dark background/light text combination. The corresponding fuzzy rule 
used to assess this is in the form: 

IF ( Textlntensity IS Lightest) AND (BackGroundIntensity IS Darkest) 
THEN (ColourUsabilityRate IS High) 

whereas, low contrast between the text and background colour results in a low 
colour usability evaluation. This gives us a group of rules as follows: 
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IF ( Textlntensity IS Dark) AND (BackGround Intensih' IS Dark) THEN 
(Colourl'sabilit', Rate IS Very Low) 

IF ( Textlntensity IS Light) ANI) (Back( round Intensity IS Lightest) 
THEN (Colo urt sability Rate IS Very Low) 

IF ( Textlntensity- IS Medium) AND (BackCround Intensity IS Darkish) 
THEN (ColourUsabilit'"Rate IS VervLow) 

There are more than 140 fuzzy rules in the model to cover different aspects of 
colour contrast. These fuzzy rules are combined to give a reliable colour usability 
rate. and all the fuzzy rules are illustrated in Figure 6.3. In this figure different 
intensity values from the text and background colours can give rise to different 

usability rates. In other words. the right hand section of the surface in Figure 6.3 

represents the light text over dark background colour combination. which is rated 
lower than the opposite colour combination presented on the left surface section. the 

crisp value. produced from the defuzzification process, again varies from (0 - 100) 

where 0 is the lowest and 100 is the highest colour usability rate. 

Figure 6.3: Colour Usability Rate Ithe dark colour shaded point to 
the lower colour usability rate, where the two upper edges to the 

right and left indicate high usability rate 

Figure 6.4 illustrates the algorithm used to construct all the fuzzy models. It is 

obvious that all of them started to fuzzy the input. which represented a specific web 
metrics need to be evaluated. Then the algorithm ended by defuzzifying the output 
and converting it to a crisp value. 

Fuzzit\ the web metric input 
Infer the fuzzy output by processing the fuzzy input 

into fuzzy rules 
1)efuzzify the output 

Figure 6.4: Fuzzy Model Algorithm 

70 



All the fuzzy models evaluation results are passed to the controller phase as 
shown in Figure 6.1. This figure also shows that the Q-learning web metrics 
evaluated are sent from the learning phase to the controller phase. 

6.5.3 The Learning Phase 

In order to customise the agent's web usability evaluation, it is assumed that the 
agent would get a feedback from the webmaster each time it is given a URL address 
to test. Each web metric tested should have either positive or negative feedback, 
which are important in determining and customising the next evaluation. Three 
learning approaches were used to provide this aspect of the agent's intelligence: the 
fuzzy average based approach, the fuzzy learning approach and the Q-learning based 
approach. Several reasons stood behind selecting more than one learning approach, 
these reasons are explained in Chapter 1. Despite the differences between the 
implementation of the three approaches, the evaluation decision for all of them was 
driven by knowledge of the previous evaluation. The agent was run about twenty 
times to realise the effectiveness of the three learning approaches. 

6.5.3.1 The Fuzzy Average Learning Approach 

The first approach was aimed at learning about the evaluation of each web 
aspect based on a new learning algorithm to associate the agent's evaluation with the 
webmaster's feedback. These values range from (0-100) for each web aspect 
evaluation. For each web aspect the agent's learning algorithm calculates the average 
of both the webmaster's feedback and the web aspect evaluation. Both the usability 
evaluation average and the webmaster's feedback average are changed to fuzzy 
inputs, and then they integrated in a fuzzy model to update the fuzzy rules mentioned 
in the evaluation phase. For example, when testing the browser's title length, the 
first time, the agent evaluates the title by using the fuzzy model described above. 
Then each subsequent time the learning algorithm of the agent calculates the average 
of the web browser's title evaluation and the webmaster's feedback. The new 
evaluation varies as result of the webmaster's feedback; it might increase or reduce 
the usability rate. 

Figure 6.5 illustrates the average learning algorithm steps, which are run for 

each web metrics tested. As can be seen from Figure 6.5, in the third and fourth steps 
both averages are converted to fuzzy inputs, which are integrated in an updated fuzzy 

model. The webmaster's feedback is described using five fuzzy input sets: 
StronglyAgree, Agree, Neutral, Disagree and 
StronglyDisagree. Whereas, the usability evaluation is represented by nine 
input sets: VeryHigh, High, MildHigh, Highish, Medium, Lowish, 
MildLow, Low and VeryLow. Forty five fuzzy rules were implemented to infer 

a proper usability evaluation update. The customisation was introduced simply by 

converting the evaluation into VeryHigh or High if the webmaster's feedback is 
St ron gl yAgree. To have consistent evaluation conversion, each webmaster's 
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feedback is assigned two ranges of the usability rate fuzzy sets. For instance, for the 
Disagree feedback there are two fuzzy usability rate sets, Lowish and 
MildLow. The determination of the alternative usability rate is based on the 
average of the previous usability rate. In other words, the StronglyAgree and 
Agree webmaster's feedback always pointed to positive feedback and then high 
usability rate; while Disagree and St ron gl yDi sa gree indicate the negative 
feedback; in that case they will drag the usability rate down to the minimum. 
Neutral feedback stabilise the usability rate to medium. 

The following are some of the fuzzy rules, which can be considered as examples 
of all the fuzzy rules and summarises the evaluation conversion mechanism: 

IF (UsabilityRateAvg IS MildHigh) AND (WebmasterFeedbackAvg IS 
StronglyAgree) THEN NewUsabilityRate IS VeryHigh 

IF (UsabilityRateAvg IS MildHigh) AND (WebmasterFeedbackAvg IS 
Agree) THEN NewUsabilityRate IS MildHigh 

IF (UsabilityRateAvg IS MildHigh) AND (WebmasterFeedbackAvg IS 
Neutral) THEN NewUsabilityRate IS Medium 

IF (UsabilityRateAvg IS MildHigh) AND (WebmasterFeedbackAvg IS 
DisAgree) THEN NewUsabilityRate IS Lowhish 

IF (UsabilityRateAvg IS MildHigh) AND (WebmasterFeedbackAvg IS 
StronglyDisAgree) THEN NewUsabilityRate IS Low 

The fuzzy average learning rules infer a new usability rate for each web aspect 
tested. The crisp value of the new usability rate ranges from (0-100), where 0 is the 
lowest and 100 is the highest. The next usability evaluation would be affected by the 
results from this phase, which would be passed to the evaluation phase. 

Repeat the following for each web metric 
separately 

- Evaluate the web metric using the fuzzy 
model 

- Receive the webmaster feedback 

- Calculate the webmaster's feedback 
average and convert it to fuzzy input 

- Calculate the web metrics' evaluation 
average and convert it to fuzzy input 

- Update the evaluation: 
new web metric's evaluation = updated 
evaluation 
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Figure 6.5: The Fuzzy Average Learning Algorithm 

6.5.3.2 The Fuzzy Learning Approach 

This learning approach is quite similar to the previous learning approach in 
using a fuzzy logic. However, this fuzzy approach is based on the webmaster's 
feedback instead of the webmaster's feedback average and the previous usability rate 
average. The new usability rate is determined on a basis of webmaster's feedback 
from the previous usability evaluation. The fuzzy input sets are St ron gl yAgre e, 
Agree, Neutral, Disagree and StronglyDisagree, which ranges 
from (0-100) and represent the webmaster's feedback. The usability rate fuzzy output 
is divided into nine sets, as in the previous method, which are VeryHigh, High, 
MildHigh, Highish, Medium, Lowish, MildLow, Low and 
VeryLow. To produce a reasonable usability rate five fuzzy rules are involved in the 
determination, for example: 

IF (WebmasterFeedback IS StronglyDisAgree) THEN NewUsabilityRate 
IS ranges between (Low and VeryLow) 

Webmaster's Feedback The New Usability Rate Range 

StronglyAgree VeryHigh, High 

Agree MildHigh, Highish 

Neutral Medium 

DisAgree Lowish, MildLow 

StronglyDisagree Low, VeryLow 

Table 6.2: The Ranges for the New Usability Rate Produced by the Fuzzy 
Learning Approach 

Table 6.2 summarises how the webmaster's feedback can affect the 
determination of the new usability rate. The usability rate crisp value ranges between 
(0-100), where 100 is the highest usability rate. The new usability rate calculated by 
this approach can affect the next evaluation. 

6.5.3.3 The Q-Learning Approach 

The third learning approach was based on the Q-learning approach which is a 
standard of reinforcement learning method (see Chapter 4 Section 4.9.1). The Q- 
learning approach is founded on three major components: the quantity of the web 
aspect tested (state), the state of the usability evaluation (action), the webmaster's 
feedback (reward). Each time the new Q is calculated by the following Q-function: 

Q (S, a) =Q (S, a) + a* (r + y*maxQ -Q (s, a) ) 
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Where s is the state of the web aspect tested, and it represents the actual 
quantity of the web aspect needs to be evaluated. For example, when testing the 
number of links in a web page the state would vary from verymany to veryfew. 
In other words, each web aspect can be in one of the nine different states determined 
as fuzzy input. The a is the action of the current state, and it represents the 
appropriate usability evaluation for the state tested. Each action can be chosen based 
on the Softmax action selection technique, which gives actions with higher estimated 
values higher probabilities of being selected. The r is the reward value and it 
represents the webmaster's feedback for the action taken. The a is the learning rate 
of the agent, and it is set between (0 - 1). The y is the discount factor to present the 
value of future rewards; it is also set between (0 - 1). The maximum Q value can be 
determined by choosing the action with the highest webmaster's feedback reasonable 
for the state tested. 

All this refers to the current state of evaluation and totally neglects the next state 
estimation. Each state was considered as a terminated state. All the Q-values were 
initialised by zero and changed as the state was tested. The value of alpha a is equal 
to 1, which is the highest learning rate. While gamma y value is equal to 0.1 to 
maximise the immediate rewards. Figure 6.6 shows the Q-learning algorithm steps. 

The Softmax technique is used to rank and weight all the values according to 
their values estimates, which are identified on a basis of varying the action 
probabilities (Sutton and Barto, 1998). The Softmax action selection technique is 
calculated using the following probability formula: 

eQ(a)/ z 

1] 
eQ(a)lz 

a 
Where a describes the actions, and the r is a positive parameter called the 

temperature, which is selected to be equal to one. A high temperature 
value causes all the actions to be equi-probable, unlike its value when it becomes 
nearly zero. A greater difference appears in the selection probability for actions that 
differ in their value estimates (Sutton and Barto, 1998). 

The algorithm steps are as follow: 
- Initialise the Q- values, Q(s, a) 
- Observe the current state, s 
- Choose an action by using Softmax action 

selection technique 
- Determine the reward, r received by the 

agent in the s state 
- Calculate the new Q-value 

- Update the Q(s, a) with the new Q-value 

Figure 6.6: The Q-learning Algorithm 
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Using the state value identified from the web page tested and the action 
selected, all the Q-values are passed to the controller phase. 

6.5.4 The Web Usability Evaluation Controller 

The controller section was constructed to manage the movement of the data 
between different phases of the agent. It receives the web metrics computed and 
prepares for the evaluation from the analysis phase. Then it distributes them to two 
different phases of the agent, the web usability evaluation phase and the learning 
phase. Both phases return their evaluation to the controller, which passes the two 
phases evaluation report to both the webmaster and the learning phase. 

Three different profiles were developed in this phase, the web metrics, 
webmaster's feedback and the usability rate profiles. The usability rate profile 
consisted of the usability rate for the last web metrics evaluated in addition to the 
usability rate for all the previous assessments. Also the webmaster's profile contains 
the last feedback in addition to the collection of all webmaster's feedbacks received. 
These various profiles can be used by different learning approaches. Figure 6.1 
illustrates the input and output flow of the data from, and to, different phases. 

6.5.5 Webmaster's Feedback 

After the evaluation has been completed, the controller phase of the agent 
passes the evaluation report to the webmaster. Then the webmaster replies to the 
agent with feedback in the form of numbers which reflect the webmaster's acceptance 
or rejection of the usability rate produced by the agent. The webmaster's feedback 
ranges from (0 to 100) where 0 was the lowest feedback and the 100 was the highest. 
As soon as the agent gets the webmaster's feedback, it develops the webmaster's 
profile. This profile is considered a crucial step prior to the customisation performed 
by the learning phase of the agent. 

The webmaster's feedback can be simulated by giving random numbers to the 
agent instead of relying on a real webmaster. In this way, the agent gets unbiased, 
lowers cost feedback more quickly, which affects its productivity. Furthermore, 
agent's customisation can be repeatedly and consistently tested against various 
webmaster's responses, ranging from similar to drastically different feedback. 

The webmaster's feedback simulation is divided into four ranges each with five 
iterations. In the first set the webmaster's feedback ranges between 
StronglyDisagree and Disagree. Whereas in the second set the webmaster's 
feedback vary between Disagree and Agree. The third set of the webmaster's 
feedback ranges between Agree and StronglyAgree. The last set is reflected 
the stable condition in the feedback, when it is in the same range as the third set of the 
webmaster's responses. 

75 



6.6 Conclusion 

This chapter presented the multilingual interface agent architecture and how it 
can be implemented using agent methodology. The discussion involved the 
evaluation process and the implementation of the agent's intelligence, which involves 
three learning approaches. Unlike other automated web assessment techniques, the 
multilingual interface agent approach customises the assessment to reflect the 
webmaster's preferences. The idea of customisation of the evaluation supports the 
dynamic web usability guidelines. 

The results from the evaluation phase will be discussed in Chapter 8, whereas 
the details of the three learning approaches and the comparison between them will be 
discussed in Chapter 9. The next chapter presents the user satisfaction findings and 
identification of the basic usability guidelines appropriate to evaluate the Arabic and 
English web pages. 
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Chapter Seven 

Linking Web Usability Guidelines with the User 
Satisfaction 

7.1 Introduction 

The WWW is now the largest information collection and communication tool, 
and it attracts people from all over the world. The WWW is no longer restricted to 
displaying and interacting in English as it used to be because the number of the non- 
English web users is expected to increase to 70% by 2005 as (IDC, 2001; Sun, 2001) 
indicate. In order to break the barrier between different WWW services and the non- 
English speaking users, web service localisation has been used to customise the 
services for different languages. The localisation process is performed on two levels; 
the surface level that involves data translation, amended punctuation and other 
conventions familiar to the targeted users and the cultural level (Sun, 2001). The 
cultural level means the appearance adjustments which include the selection of 
images, colours and communication patterns to conform the targeted audience's tastes 
(Russo and Boor, 1993; Sun, 2001). Therefore, web developers should consider many 
localisation aspects in addition to data translation, because different languages mean 
different cultures and values. It is this aspect of customised web evaluation which is 
discussed in this chapter. 

One of the weaknesses of the existing usability guidelines is that they have been 
designed for, and evaluated on, Latin scripts. No guidelines appear to exist for other 
scripts. The first difficulty in assessing non-English web pages is the lack of any 
reliable guidelines. In order to explore multilingual evaluation the researcher first had 
established guidelines and chosen Arabic to explore. By performing user satisfaction 
for Arabic and English in this way, the usability guidelines should more reliably meet 
the users' needs. 

This chapter discusses the usability testing conducted to localise the usability 
guidelines and to determine the similarities and the differences between different 
cultures, in particular Arabic and English. The usability testing can be considered as a 
filtering mechanism for the current usability recommendations to validate these 
guidelines as being reasonable for local users. 

7.2 Usability testing and web design 

In many studies usability testing is used to provide an insight into different 
problems that might prevent the users from fulfilling their goals (Parush, 2001). It is 
considered the closest technique to the users, i. e., through the interaction with users, 
the tester can understand the users' needs and preferences. It is hard to determine 
these aspects by using other usability evaluation techniques (Law and Hvannberg, 
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2002; Rohn et al. 2002). Therefore, user testing is widely used in studying the impact 
of web design on users and recognising cultural effects. 

Localizing web pages is not limited to translating the content of the web pages 
as mentioned earlier; instead, it should include other considerations, such as: layout, 
interaction, symbols and colours used in the web pages (Russo and Boor, 1993). Sun 
conducted a study that used the user testing to learn how cultural markers affect web 
usability. That study was based on four main cultural markers: language, colour, 
images and page layout (Sun, 2001). He found that participants unconsciously 
applied their cultural preferences to evaluate the design of the web pages (Sun, 2001). 

User testing is performed over a text design and the results show that significant 
insights can be gained as a result (Gee, 2001). This study is aimed at determining the 
foundations for comfortable, easy reading, and its user testing is divided into three 
distinct issues: interface issues, reading behaviour issues, and reader attitude issues 
(Gee, 2001). Goonetilleke, Duffy and Jacques (2001) implemented a different form 
of user testing to understand the higher-level factors of usable web page design and 
determine which of them is the most important to users. The participants evaluated 
the web sites based on the sixteen different issues relevant to readability. 

Furthermore, user testing has been used to measure the interaction with different 
aspects in the web page design from the cultural view. Lee (1999) utilised the user 
testing to measure cultural effects on user interface design, distributed over fifteen 
countries. This study involves different objectives relevant to the users and their 
cultures which encompass understanding the relationship between cultural 
characteristics and user interaction in addition to identifying cross cultural differences 
in interaction. 

Many interface problems have been established by using usability testing. In 
fact there are several factors that can affect the users' viewpoint and evaluation of 
web pages, as discussed earlier, and these factors should be considered in establishing 
the usability guidelines. Cultural effects are widely recognised as one of the 
significant factors that affect the web design, because users' preferences differ from 
one culture to another. Additionally, users' viewpoint and assessment of the web 
design are influenced by users' knowledge and values, which are also affected by 
culture. 

Since user testing shows significant differences in studies of the cultural effects 
on the web design (Lee, 1999; Sun, 2001; Shin et al. 2004), it is an effective way to 
empirically validate the existing usability guidelines over the Arabic and English 
cultures. In the next sections there follows a detailed discussion about how culture 
might affect usability. 

7.3 User Satisfaction Design 

User satisfaction was applied to examine users' preferences in relation to the 
current usability guidelines; the details of the user satisfaction were mentioned in 
Chapter 5. A total of 196 participants completed the three Arabic questionnaires 
whereas the English questionnaires were completed by 94 participants. They went 
through several questions related to various web design specifications; additionally 
they rated some web design examples according to their preferences. English and 
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Arabic participants evaluated 34 web pages, each focused on different usability 
features. The user satisfaction was developed using HTML forms with an easy click 
buttons and menu choice selection to attract the users and simplify the form filling 
process. 

7.4 Testing Examples and Tasks 

The current study used six questionnaires; three in Arabic and three in English, 
each of them was associated with different usability issues. However, the structure of 
the questionnaires was the same, they all began with a summary of the main issue of 
the questionnaire, followed by several multiple-choice questions. Each questionnaire 
ended with message of appreciation. 

The multiple-choice questions were presented to build up knowledge about how 
to measure the web design, and what features the web pages should include to be 
more readable and attractive. These questions were not limited to the specification of 
the web design but they were extended to include users' preferences for some aspects. 
For instance, the participants were asked about colour usage and whether they liked 
subtitles and important text included in the web pages to be in different colours. On 
the other hand, some other questions investigated users' scanning habits and the 
subtitles they preferred. The meaning of different colours and combinations of 
colours was also explored to build knowledge about the impression the colours can 
add. Some of the questions involved online-examples which were rated by the 
participants. 

Each example in the questionnaires examined certain usability issues about 
users' preferences and views on legibility for both English and Arabic users. Each 
participant had a chance to rate the content of these examples, on a scale of three 
levels. Testing examples were developed using HTML and were linked to the 
questionnaires' body by using an iframe HTML tag. This made it easier for the users 
to remain in the questionnaire web page without going back and forth when 
evaluating the examples. Figure 5.2 shows one of the examples used in the grading 
questions. The examples were displayed in the same order in both languages. 

7.4.1 Participants 

The main feature for remote usability testing is that the test can be distributed to 
any place in the world. Direct contact with users is not necessary for the participants 
to complete their jobs. No restrictions were applied to participate in questionnaires, 
i. e. the questionnaires' replies were not limited to certain group of people or gender; 
however, this study did not include children. Participants were not required to learn 
any special techniques, nor did they have to initialise or download a specific internet 
tool. Normal internet users with ordinary skills to work with the WWW were 
welcome to join the participants, but they needed to be either Arabic or English fluent 
speakers in order to answer the question. 

All the questionnaires were distributed via email using different email lists for 
British, Arab students and staff within the University of Sheffield. Additionally, 
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different email lists were used to distribute the Arabic questionnaires, including 
University students and other groups. In general the vast majority of the participants 
were postgraduate and undergraduate students of the University of Sheffield and King 
Abdulaziz University. The following table shows the different number of replies over 
the three individual questionnaires. 

Questionnaire Name Arabic English 

Colour Questionnaire 83 34 

Text Questionnaire 58 32 

Title Questionnaire 55 28 

Total Number of Participants 196 94 

Table 7.1: Participants and the number of replies 
For a particular questionnaire, all the participants answered the same questions 

in either Arabic or English depending on their native language. The details of each 
questionnaire contents were discussed in an earlier chapter but the participants had to 
choose a preferred answer or to rate the enclosed examples according to their 
attractiveness, fast scanning or comfortable reading. 

7.4.2Data Collection 

The final datasets consisted of 290 different cases where each case included 
participants' responses to the questionnaires. These responses were received via 
email, and were classified into three different classes: colour, text and title responses. 
The responses did not involve any participants' demographics because they were not 
considered in the study, except the users' mother tongue identity. However, these 
responses were aimed to provide some subjective measures necessary to determine 
some of the usability guidelines. 

The subjective measures included the participants' responses to the multiple 
choice and rating questions. These involved some measures such as attractiveness, 
scanability, legibility, readability and the utilisation of both colour and font. The 
multiple choices participated in characterising some of the web aspects used to 
construct a legible web page. The web aspects characterisations were based on the 
users' viewpoints. Some of these characteristics related to the users' scanning habits, 
the colour utilisation, colour combination preferences, the presentation of the 
important text and headings, link occurrences and title lengths, whereas, the rating 
questions contributed to the measurement of the impact of some usability guidelines, 
presented in web design to the users. These rating questions involved rating the 
colour attractiveness, colour readability of different colour examples. Additionally, 
they included the rating of different font specifications such as: bold, italic, 
underlines, different letter sizes, capitalisation (only in English), heading alignment 
and the text body alignment (for Arabic). 

The rating questions measured different usability aspects as a way to construct a 
legible and attractive web page. These measures were based on three weight scales, 
which were mentioned earlier in this chapter, to give the participants the opportunity 
to choose their preference level. The collected data was monitored to calculate its 
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frequency, in order to determine the highest priority from the lowest, and then 
validated these preferences with the usability guidelines. Also, a chi-square statistical 
test was performed to point out the significant differences between the English and 
Arabic users' preferences. The details of the data analysis and its relation to the 
current usability recommendations will be discussed in the next section. 

7.4.3Data analysis 

The analysis of the data included the analysis of the subjective measures 
(attractiveness, scanability, legibility, readability and utilisation of both colour and 
font aspects), mentioned in the last section. The analysis consisted of the findings of 
the research questionnaire which investigated Arabic and English users' preferences 
in web design. These findings were associated with each other to identify significant 
differences between English and Arabic viewpoints. Furthermore, the analysis 
involved mapping between the current usability guidelines and the collected data 
(Arabic and English). This mapping studied the relationship between the users' 
preferences and the current guidelines to produce validated, empirical and accurate 
usability guidelines. 

The structure of the next section starts with the findings of the colour 
questionnaire for both Arabic and English. It is followed by the comparisons between 
English and Arabic findings, and then the mapping of these findings onto the current 
usability guidelines. The same process is repeated for text and title questionnaire too. 

Colours influence web information presentation, because they are not limited to 
adding aesthetic features to the web design. They can be employed to emphasize 
specific items and to send signals to users (Abulkhair and North, 2003). Colours 
combinations preferences might vary from one user to another even in the same 
culture. 

7.4.3.1 Colour Questionnaire Data Analysis for Arabic users 

In general, the data analysis from Arabic speakers showed a coherent finding 
that 75% of Arabic users preferred light background colours to the dark and in 
particular 68% of Arabic users liked a white background colour with dark-blue text 
more than any other. Also, the findings collected from rating different examples, 
strongly confirmed that Arabic users preferred light colours for background and 
Table 7.2 shows the different ratings given to the selected examples. The colours in 
the table are arranged according to intensity with blue being the lightest and black the 
darkest. It can be seen from the Table 7.2 that 55% of Arabic users considered a 
black background as unattractive, and that was the strongest preference among all the 
other choices. 

The results from asking the users to arrange the same four background colours, 
mentioned earlier, in order of preferences found that a blue background was the most 
commonly preferred among Arab users at 80%. The second preference was a pink 
background 66% followed by green 52% and the least favourite background was the 
black by 57%. These results were consistent with findings in Table 7.2. 
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Background Colour Good Neutral Bad 

Blue 92% 8% 0% 

Pink 55% 42% 2% 

Green 8% 47% 45% 

Black 23% 22% 55% 

Table 7.2: Arabic Users Ratings for Colour Attractiveness 

However, the readability measure findings differed from the users' preferences. 
The least readable colour combination was identified as the green background with 
53%, while the example with a black background was given the second worst 
readability measure with only 39%. The Arabic users' readability measure for the 
pink and blue backgrounds were both considered good with 57% and 84% 

respectively. 
The colour scanability measure was notable, because the findings indicated that 

95% of Arabic users preferred the important text and headings within the web page to 
be presented in different colours. However, the colour usage showed incoherence in 
colour aspects' utilisation and Table 7.3 illustrates these values. 

Colour Usage Percentage 
Document Title _ 37 
Important text 40 
Tables 5 
Subtitles 17 

Table 7.3: Arabic Colour Utilisation 

Some of the colour meanings suggested in the user satisfaction seemed to be 
relatively close to the Arabic participants' opinions and Table 7.4 shows different 
colour meanings. It is clear that some of the colours' meanings were significantly 
affected by Arab users' culture; for example, their support for the purity for white, 
attention for red, calm for blue and spring for green. The green meaning was 
associated with paradise, and it considered to be the colour worn in heaven as 
mentioned in "Holy Quraan" (chapter "Alinsan", aya 21). 

Arab users did not consider specific colour combinations as part of their culture, 
except the colour combinations for some football teams, which is the most popular 
sport in the Arab world. The findings, showed in Table 7.5, indicated that the 
smallest percentage was given to the meanings presented. 
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Colour Meaning Percentage 

White Purity 93 

Death 0 

Black Mourning 60 

Disgrace 5 

Red Attention 83 

Joy 10 

Blue Sad 5 

Calm 84 

Yellow Happiness 21 

Bright 49 

Green Envy 2 

Spring 84 

Table 7.4: Colours' Meanings Responses of Arabic Participants 

Colour Combination Meaning % 

Red text and white background Joy 28 

Sport team symbol 23 

Blue text and white background Nationalism 15 

Sport team symbol 33 

Green text and white background Peace 59 

Sport team symbol 13 

Yellow text and black background Bugs 25 

Sport team symbol 22 

Red text and green background Christmas 10 

Sport team symbol 11 

Table 7.5: The Reflections of Colours' Combinations Meanings on Arabic Users 

Despite the variety of findings in measuring the effect of colours on Arabic 
users, they could still be utilised to be as a basis for establishing colours usability 
guidelines suitable for Arabic. The discussion of the colour findings for English users 
is in the next section. 
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7.4.3.2 Colour Questionnaire Data Analysis for English users 

Colours might have different impact depending on culture. The findings 
showed that English users remarkably preferred light background colours to dark 
backgrounds with 65%. Also, 47% of the English users liked a dark-blue text over 
white background, while 32% of them preferred a black text over yellow background. 
The rest of the English users, 21%, chose other colour combinations with a dark 
background colour. 

Background Colour Good Neutral Bad 

Blue 71% 27% 3% 

Pink 38% 44% 18% 

Green 24% 41% 35% 

Black 9% 6% 85% 

Table 7.6: English Users Ratings for Colour Attractiveness 

The findings collected from rating different examples proved that English users 
preferred a light to a dark background and Table 7.6 shows the different ratings scales 
given to each colour. It is clear from Table 7.6 that highest percentage, on the Good 
scale, is 71% which was given to a blue background, and it was the lightest of all. 
The most negative result, 85%, was given to a black background, which was the 
darkest colour, but both pink and green backgrounds were rated as neutral at 44% and 
41% respectively. 

The English users' preferences, where they arranged the same four on-line 
examples with the same background colours, were a blue background with 65% as a 
first choice. Then followed pink with 50% and a green background was third choice 
with 59%, while a black background was the least commonly preferred by 68%. The 
findings from this section were consistent with the results presented in Table 7.6. 

However, the readability measure findings split into two groups, either good or 
bad, with blue and pink backgrounds considered as good by 91% and 85% 
respectively. On the other hand, black and green backgrounds were rated bad by 44% 
for the black and 53% for the green. It is clear that the English users are attracted to a 
light background. 

Regarding the scanability measures, 82% of the English users preferred a 
different colour for the presentation of the important text within the web page. They 
needed this feature for faster scanning, which seemed coherent with the colour 
utilisation as part of measuring the web aspects' utilisation. Table 7.7 shows different 
colour utilisation percentage and it is clear that the highest percentage was given to 
the representation of the important text. 
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Colour Usage Percentage 
Document Title 24 
Important text 53 
Tables 6 
Subtitles 9 

Table 7.7: English Colour Utilisation 

Table 7.8 associates different colours meanings with their findings and it is clear 
that many of the colours' meanings were relatively well matched to the English users' 
views. It seemed that some of the colour meanings were strongly affected by English 
users' culture such as: calm for blue, purity for white, attention for red and bright for 

yellow. Some of the suggested meanings were considered very popular in Western 

culture by (Terpstra and Sarathy, 1994), for example, sad for blue and envy for green. 
But English users gave least support to these meanings and rather selected other 
meanings suggested. 

Colour Meaning Percentage 

White Purity 77 

Death 3 

Black Mourning 53 

Disgrace 0 

Red Attention 77 

Joy 9 

Blue Sad 6 

Calm 86 

Yellow Happiness 15 

Bright 77 

Green Envy 18 

Spring 50 

Table 7.8: Colours' Meanings Responses of English 

Some colour combinations are related to specific occasions such as red and 
green associated with Christmas in Western culture and so, in English culture. The 
findings showed that 68% of the English users supported the Christmas meaning for 
the combination of red text and green background. The other meanings of the colour 
combinations findings, mentioned in Table 7.9, were not strongly supported. 
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Colour Combination Meaning % 

Red text and white background Joy 9 

Sport team symbol 29 

Blue text and white background Nationalism 15 

Sport team symbol 24 

Green text and white background Peace 21 

Sport team symbol 12 

Yellow text and black background Bugs 32 

Sport team symbol 9 

Red text and green background Christmas 68 

Sport team symbol 6 

Table 7.9: The Reflections of Colours' Combinations Meanings on English Users 

7.4.3.2.1 Comparing Arabic to English Colours' Findings 

The findings confirmed that both Arabic and English users prefer light 
background colours to the dark. But significant differences were found in the colour 
combination selection, such that Arabic users preferred dark-blue text over the white 
background to the black over yellow background, whereas, English users preferred 
the second combination rather than the first. Also, both the Arabic and English users 
were attracted by blue background, which was the lightest of all, and both of them 
rated it as good. However, the findings for the attractiveness of blue showed that 
Arabic users strongly preferred it as a background. On the other hand, the findings 
indicated that English users significantly regarded black and pink backgrounds as 
unattractive. 

When comparing the results for arranging the online examples in order of users' 
preferences, both English and Arabic users identified the blue background as their 
first choice, and then pink was the second, followed by green and black for the fourth. 
There was a significant difference with regard to arranging pink and green 
background examples in the fourth place. Table 7.10 shows these differences. 

Regarding the readability measure for the on-line examples, it is noticeable 
from Table 7.11 that coherent findings were achieved for most of the background 
colours for both Arabic and English. But there was a significant difference in rating 
the readability for the example with the pink background colour, such that the English 
users strongly rated its readability as good with 85%. 
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Background Colour Native Language 

Arabic English 

Blue 0% 0% 

Black 57% 68% 

Pink 2% 15% 

Green 41% 18% 

Table 7.10: Background colours Fourth place arranging 

Colour Good Neutral Bad 

Arabic English Arabic English Arabic English 

Blue 84% 91% 16% 9% 0% 0% 

Black 34% 29% 28% 27% 39% 44% 

Pink 57% 85% 37% 12% 6% 3% 

Green 5% 6% 42% 41% 53% 53% 

Table 7.11: Readability measure Findings (for Arabic and English) 

It is recommended to use different colour to represent the important text in the 
web document, since this increased the scanability measure for both English and 
Arabic users. But the Arabic users preferred this feature in their web pages much 
more than the English users, and this caused a significant difference between their 
preferences. There were coherent findings in colour utilisation, since the Arabic and 
English findings were consistent. Figure 7.1 shows the similarities in the answers. 

Despite the divergence between the two cultures, some of the colours' meanings 
affected both cultures; however the findings showed some cultural preferences. For 
instance, purity for white and spring for green were highly related in both cultures, but 
Arabic users significantly supported them more than the English users. On the other 
hand, envy for green and bright for yellow were closer to English culture than Arabic 
culture, leaving a significant difference between them. 

There are also significant differences in the perception of colour combination 
meanings between Arabic and English cultures. Arabic users strongly associate the 
green and white colour combination with peace and red and white with joy; a 
significant difference from the English users. Alternatively, English users related a 
red and green colour combination to Christmas, which is an affect of English culture. 
The realisation of how these differences affected the current usability guidelines is 
discussed in the next section. 

87 



60 

50 

40 

3C , 

20 

Native Language 

10 ®Arabic 

d0 OFnctlish 

Document Title Tables Nunk 

Impc,; ý, ", ,.. ýruk , 

Colour Text Usage 

Figure 7.1: Comparing the Colour Text Usage for Arabic and English Findings 

7.4.3.2.2 Mapping Between (English and Arabic) Users' Preferences and the 
Current Colours Usability Guidelines 

The details of existing usability guidelines were discussed in Chapter 2. Many 
of the current web usability guidelines contradict each other. This is partly because 
the web is so ubiquitous, its users so diverse and their tastes so varied. I sahility 
guidelines appropriate in one culture are not necessarily appropriate in another. 
Under these circumstances, this section focuses on finding the impact of users' 
preferences on these guidelines. 

Both Arabic and English users preferred the dark text colours over light 
background colours more than the opposite colour combination. The findings are 
consistent with those reported by (Lynch and Horton, 2001). Similarly Nielsen and 
Tahir's (2002) recommendation to select a white background with any dark colour 
text is consistent with the Arabic users' preferred colour combination. On the other 
hand. the English users' preferred colour combination was consistent with (Radre, 
2002) example of high contrast colour combination whereas, Preece et al, 's (1994) 
suggestion to use dark background such as blue, with a light text. is inconsistent with 
both English and Arabic colour combination' preferences. 

There must be either high or at least sufficient contrast between text and 
background colours as (Sklar. 2000; Lynch and Horton. 2001; Badre. 2002; Nielsen 
and I'ahir. 2002) stated for the readability of the web page. The English and Arabic 
ratings for readability of the four on-line examples were consistent with the previous 
recommendation. Additionally, these readability ratings were consistent with 
(Abulkhair and North. 2003), the fuzzy colouring model rating. The lowest usability 
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rate, based on the colour contrast using (Abulkhair and North, 2003), was given to the 
example with green background colour, which is consistent with the findings 
mentioned in Table 7.11. 

To increase the scanability of the web page Lynch and Horton (2001) 
recommended web developers to avoid using different colours for important 
information within the web page. However, the user satisfaction findings indicated a 
high percentage of both English and Arabic users preferred this feature to be in the 
web page. This finding contradicts the (Lynch and Horton, 2001) recommendation 
but it is consistent with other colour usability guidelines which allow the use of a 
limited number of colours within the web page (Shneiderman, 1998; Ivory, 2001; 
Badre, 2002). 

The current usability recommendations are not limited to colour utilisation, but 
extended to involve text and its specifications. Chapter 2 discussed the text usability 
guidelines in details. The text specifications might vary as the culture changes, since 
Lee's (1999) study showed significant differences in web interaction between Korea, 
Japan and America. The next section focuses on the text questionnaire findings and 
connects them with the guidelines. 

7.4.3.3 Text Questionnaire Data Analysis for Arabic users 

The Arabic language is an element of the Arabic culture, and Arabic users are 
affected by their culture. The direction of Arabic writing is from right to left, and the 
Arabic users web page scanning is clearly influenced by this. The findings showed 
that 60% of the Arabic users started the scanning from the upper right corner, whereas 
18% started from the upper centre. From the different percentages presented in Table 
7.12, it can be seen that low percentage rates are given to the other parts of the 
document. 

First point Scanning Percentage 

Upper left corner 5 

Upper center 18 

Upper right corner 60 

Middle of the page 9 

None 9 

Table 7.12: Arabic users' First Scanning Point 
After scanning, the attraction of specific items enclosed in the web page was 

considered. The web page tested was divided into three sections and each section 
contained an item like: university logo, document title, questionnaire body. Figure 
7.2 illustrates the positions of these items. The findings classified the three items into 
three levels based on their importance to Arabic users. The university logo was given 
49%, document title 33% and questionnaire body 18%. These findings were 
consistent with the first point scanning findings; so the upper right corner is clearly 
the most important point in Arabic web pages. 
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Figure 7.2: The Tested Arabic Web Page contents divisions 

In order to emphasize important text, headings and subtitles, the text 
specification should be tuned to users' preferences. Different coloured text was the 
preferred way to emphasize important text by Arabic users with 47%x, which was 
similar to the colour questionnaire findings in Table7.3. The second preference was 
bold with 26%, followed by a larger letter size with 25% and the least popular were 
underline with 2%. and italic (0%. ) 

The scanability measure finding for the headings and subtitles was increased by 
using the following specification: a different colour, bold, larger letter sire, italic and 
underline heading. Table 7.13 involves the demonstration of the scanahility measure 
for each text specification. It is clear that Arabic users strongly prcl rred coloured 
heading for fast scanning, followed by bold and then a larger letter size. 

Heading Presented in Percentage 

Bold 23 °/0 

Italic 2% 

Underline 2% 

Larger letter 19% 

Different colour 54% 

Table 7.13: Arabic users measuring the Heading Scanability 

The results from asking the users to measure the scanability of the important 
text found that a larger letter size was the most commonly preferred presentation for 
important text. The other presentation preference was a bold text, followed by 
underline; the least popular was italic. Table 7.14 illustrates the Arabic users' 
scanability measure for bold. italic, underline and larger letter size. 
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Important Text 
Presentation 

Easy Moderate Hard 

Bold 60% 32% 9% 

Italic 9% 32% 60% 

Underline 33% 58% 9% 

Larger letter size 86% 12% 2% 

Table 7.14: Arabic Users Scanability Measure for Important Text presentation 

However, the readability measure for bold, italic and underline text was similar 
to the scanability measure findings in Table 7.14. The readability measure findings 
sorted the text specification to bold, underline and italic, with the highest readability 
rate identified as pleasant followed by acceptable and then unpleasant. As mentioned 
earlier bold text presentation was significantly ahead with 70%; and then 56% 
regarded underline as acceptable, and lastly italic text was seen as unpleasant by 53%. 
Table 7.15 shows readability rates for the text specifications mentioned in this section. 

Readability Rate 

Text Specificatio 
Pleasant Acceptable Unpleasant 

Bold 70% 21% 9% 

Italic 9% 39% 53% 

Underline 19% 56% 25% 

Table 7.15: Arabic Users readability Rates for Some Text specification 

Arabic users were subjected to different letter sizes, ranging from 7.5 to 24 
point, to identify a precise letter size for users with normal vision. The findings 
showed that the smallest font size (7.5 point) was strongly rejected by 86% of Arabic 
users, and considered illegible. The 10 point font was classified as moderately 
readable by 67% of Arabic users. The rest of the letter sizes tested were considered 
legible, but the 24 point font size had a lower legibility rate than the 13.5 point. 67% 
of Arabic users classified the 24 point as legible, but a higher percentage was given to 
the 13.5 point font size with 91%. It is clear that the maximum legibility measure was 
given to the 13.5 point letter size and legibility decreases as the font size is either 
increased or decreased. 

The following section will analyse the data for the English version of the text 
questionnaire. 

7.43.4 Text Questionnaire Data Analysis for English users 

The first scanning point survey showed that 66% of the English users started 
their scanning from the upper left corner. Based on the scanability measure findings, 
it is clear that the language writing direction affected the scanability of the web page. 
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Other parts of the web page had less effects, for example 22% of the English users 
started their scanning from the middle of the page. The full findings are listed in 
Table 7.16. 

First point Scanning Percentage 

Upper left corner 66% 

Upper centre 90/() 

Upper right corner 3% 

Middle of the page 22%0 

None O%) 

Table 7.16: English users' First Scanning Point 

Figure 7.3 illustrates the positions of three sections of a web page which were 
tested to find out the area users are first attracted to. There was no common point that 
attracted the English users and could he considered as "first look" point. The findings 
were the same for two sections: the university logo and questionnaire body with 31 % 
each. whereas the document title was given 38%. the highest percentage of al I. 

The English users considered bold text as the most recognisable presentation fror 
important text, headings and subtitles. The findings indicated that 56% supported 
bold, whereas the rest of the English users approval was scattered among italic with 
9%. underlined with 3%. larger letter and coloured, both with 16%. Capitalised text 
presentation was not regarded as an attractive way to represent important text by any 
of the English users. 

On the other hand, the scanability measure, for the same six text specifications 
mentioned (hold. italic, underline, larger letter, capitalised and coloured), was slightly 
different from the attractiveness measure. The scanability findings for the heading 
and subtitles arranged in order of importance were bold, larger letter, coloured and 
capital heading. Table 7.17 shows the exact figure of the percentage dealing with 
each one. 

FAe Edit View Fßvordes loots Help 

-r Back - ýý AQdtess 41 http !! www dcs she[ ac uki'maysoon! EnghshTextOueshonnane hind l' Go 

I nkersih Document Title Logo 

vuestionnaire 

e. 'es b Page' äo I. -, v,, muLh 
Questionnaire Body age 

ques" e questr: n flea e 
e1E, 

Question 1 

What is the first point you noticed on this page 
Upper left corner 
TT er center 
T T... . _l... _ .. -.. , 

Figure 7.3: The Three Sections of the English Web Page Tested 
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The scanability measure, for the important text within the web page, showed 
that the bold text was the fastest scanable text presentation for a large majority of 
English users. It was considered an easy way to distinguish important text by 78% of 
these users. The rest of the findings, for the important text scanning, differed from the 
findings for titles and were, in order of preference, underline, larger letter size, italic 
and then capital letters. Table 7.18 shows the different percentages given to each of 
the text specification by associating them with three scanability measures. 

Heading Presented in Percentage 

Bold 50% 

Larger letter 31% 

Capital 3% 

Different colour 16% 

Table 7.17: English users measuring the Heading Scanability 

The readability measure findings differed from the scanability measure for bold, 
italic, underline and capitalise. The results showed that the readability measure for 
both underline and capitals were significant in that 81% found them unpleasant to 
read. However, the readability measures for bold and italic text were considered as 
acceptable with same percentage 47%. Different percentages for each readability 
scales are presented in Table 7.19. 

Important Text 
Presentation 

Easy Moderate Hard 

Bold 78% 22% 0% 

Italic 25% 53% 22% 

Underline 53% 38% 9% 

Capitalise 16% 66% 19% 

Larger letter size 47% 22% 31% 

Table 7.18: English Users Scanability Measure for Important Text 

Four different font sizes were tested on both English and Arabic users, ranging 
from 7.5 to 24 points. The legibility measure findings showed that both 7.5 and 24 
points had the low legibility with 71.9 and 56.3, respectively, whereas, the text tested 
with 13.5 and 10 points font sizes were strongly supported by English users, and 
considered as legible by 63 % and 78% respectively. It is clear that the highest 
legibility measure was given to the 10 point letter size and it decreases as the letter 
size gets larger or smaller. 
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Readability Rate 

Text Specificatio 
Pleasant Acceptable Unpleasant 

Bold 25% 47% 28% 

Italic 34% 47% 19% 

Underline 6% 13% 81% 

Capitalise 9% 9% 81% 

Table 7.19: English Users readability Rates for Some Text specification 

The language scripts, as part of the culture, and the users preferences affect the 
usability measures to some extent. The comparison between the English and Arabic 
text questionnaire findings is the issue considered in the next section. 

7.4.3.4.1 Comparing Arabic with English Text's Findings 

It is obvious from these findings that the nature of the language affected the 
scanability, since the first point scanning differs from one language to another 
according to its writing direction. This caused a significant difference between 
Arabic and English in the first point scanning, 60% of Arabic users started their 
scanning from the upper right corner unlike the English users. About 66% of English 
users began their scanning from the upper left corner compared to 5% of their Arabic 
counterparts. 

After the scanning process was over, the users started to look at specific item on 
the web page. Arabic findings appeared to have a more hierarchical structure whereas 
English findings were in the same level of importance. The top of the web page 
seemed to be more important to the Arabic users than the rest of the web page; 
however, their English counterparts appeared to have no significant preference for any 
part of the web page. 

As shown earlier, the majority of English users gave their first attention to bold 
face for important text presentation, and this was a significant difference from Arabic 
users. However, the use of different colours present important text within the web 
pages was considered as the most important text presentation for Arabic users. A 
high number of Arabic users supported different colour for important text presentation 
compared with English users, very few of whom preferred that option. Furthermore, 
the italic text presentation was accepted by a few English users, but it was completely 
rejected by Arabic users leaving a significant difference between the Arabic and 
English users' preferences. The comparison between the English and Arabic 
favourites is illustrated in Figure 7.4. 

As a result of the experiment described in earlier chapter, it appears advisable to 
use at least one of the following text specifications, bold, italic, underline, larger font 
or different colour in order to differentiate headings and subtitles from the rest of the 
text. The headings and subtitle scanability measures for both Arabic and English are 
summarised in Table 7.13 and Table 7.17 respectively. The order of users' favourites 
differed and Table 7.20 shows the comparison between Arabic and English users' 
views. The findings showed that bold headings were significantly higher rated by 
English users than Arabic users who strongly supported coloured headings. 
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Rating the scanability of important text within a web page gave slightly 
different results from scanning the headings. By sorting the findings for easy 
scanning, presented in the second column in Table 7.14 and Table 7.1 8, it is clear that 
these findings are fairly consistent with the findings in Table 7.20 in some respects. 
The consistency with the English findings was more obvious than with the Arabic, 
such that the first and second choice remain the same as the headings scanability. 
while the Arabic second choice of the headings findings was in line with the second 
choice of important text scanning easy measure. Table 7.21 presents the comparison 
between Arabic and English for important text scanning in order of' easy scanning 
measure. 
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Table 7.20: Comparing the Scanability Measure for the Text Specification for 
Both English and Arabic Users 
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Table 7.21: Comparing the Scanability Measure for Important Text in 
Order of Easy Scanning for Both English and Arabic Users 

Despite the similarities noticeable from Table 7.21 in the third and the fourth 
order of scanability measures of important text between the Arabic and English 
findings, there was a significant difference in the italic text presentation, because italic 
is supported by English users more than Arabic users. However, Arabic users 
strongly supported larger letters for easy scanning and distinguishing the important 
text. The high support for larger letter size, from Arabic users, leads to a significant 
difference between them and their English counterparts. 

By comparing the readability measure for the three text specifications (bold, 
italic, underline), it appeared that large number of Arabic users, see Table 7.15, found 
it easy to read bold text while few of the English users liked it. Additionally, the 
majority of Arabic users, see Table 7.15, disliked reading italic text, whereas many 
(35%) of English users classified it as pleasant to read (see Table 7.19). In both cases 
a significant difference was observed, which indicates that the language scripts 
affected the readability, in addition to the users' preferences. The evidence showed 
that the majority of English users regarded underlined text as unpleasant to read 
causing a significant difference between them and Arabic users. The majority of 
Arabic users, 56% from Table 7.15, graded underlined text as acceptable. 

This evidence showed huge differences in the legibility measuring between 
English and Arabic among most of the font sizes tested. For instance, 13.5 point font 
size had high legibility rate for both Arabic and English users, but the Arabic users are 
more strongly in favour of its legibility, causing a significant difference with the 
English. However, 10 point font size was strongly supported by English users only, 
again leading a considerable difference in comparison with their counterparts (the 
Arabic). On the other hand, the vast majority, around 67%, of Arabic users 
considered the 24 point font size as legible unlike their English counterparts, who 
mainly (56%) regarded it as illegible. The dissimilarities in grading the legibility 
caused a significant difference between the two results. Additionally, almost all the 
Arabic and English users, 97% and 91% respectively, suggested that the smallest font 
size tested (7.5 point) was not legible. 

From all the comparisons of findings discussed earlier, there were significant 
differences in some of the text features. These differences affected the usability 
guidelines, which should be localised to match the users' preferences. The next 

96 



section discusses the compatibility and the differences between the findings and the 
current web usability guidelines. 

7.4.3.4.2 Mapping Between (English and Arabic) Users' Preferences and the 
Current Text Usability Guidelines 

By recalling the usability guidelines, discussed in Chapter 2, it is clear that those 
guidelines are appropriate for some groups of users but not suitable t` 6r others. For 
instance, the basic guideline for the weh page traversing described by (Sklar. 2000) 

seemed to be based on English. but might be appropriate for any language with a 
Latin script, since the majority of English users, more than 65`%, (see fable 7.16). 

were consistent with Sklar's traversing guideline. However, this guideline is not 
suitable for Arabic script, because only a very small number of Arabic users, around 
5% presented in Table 7.12. started their traversing from upper left corner. 

Sklar (2000) divided the web page into 5 sections arranged in order of 
importance demonstrated in Figure 7.5. The findings for both Arabic and English 
were inconsistent with the Sklar's depiction (2000). Arabic findings showed that 
almost half of the Arabic users, 49%, first look at the university logo which was on 
the number 2 of the Sklar's important areas (2000), whereas the English findings, for 
the first point looked at in the web page, were incoherent. In other words there were 
no significant favourites; so this is also inconsistent with the Sklar"s suggestion 
(2000). 
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Figure 7.5: Sklar's Relative Areas of Screen Importance 

Arabic users preferred a different colour to emphasize important text, headings 
and subtitles, which contradicts (Lynch and Horton. 2001). However. Lynch and 
Horton's (2001) recommendation to use bold face was consistent with English users 
findings since the majority of English users preferred the bold face for important text, 
headings and subtitles presentation. 
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Around 53% of the Arabic users (see Table 7.15) found it difficult to read large 
blocks of italic text, which is consistent with (Sklar, 2000; Lynch and Horton, 2001). 
However, the English users gave the italic the highest reading rate among the other 
text specification and they considered it as acceptable to read. This contradicts (Sklar, 
2000; Ivory, 2001; Lynch and Horton, 2001), whereas the English findings for the 
underline readability were in line with (Ivory, 2001; Lynch and Horton, 2001). But 
less than 25% of the Arabic users thought underlining unpleasant, which was 
inconsistent with the literature (Ivory, 2001; Lynch and Horton, 2001). The majority 
of English users found that it was hard to read large blocks of capital letters and this 
was consistent with (Nielsen, 2000; Ivory, 2001). The English users did not like the 
underlined text even in headings, subtitles or for important text, which is inconsistent 
with (Lynch and Horton, 2001; Badre, 2002; Nielsen and Tahir, 2002). 

According to the font size literature, (Ivory, 2001; Lynch and Horton, 2001) 
recommend 14 point or higher for headings, which is consistent with the Arabic users 
preferences. The Ivory (2001) font size recommendation is limited the text font size 
from 10 to 11 points, this recommendation is consistent with the English findings, 
because they gave the highest legibility rate to such size. However, for the vast 
majority of Arabic users, the maximum legibility rate was given to the 13.5 point font 
size, which was inconsistent with (Ivory, 2001; Lynch and Horton, 2001). 

It is clear that both Arabic and English findings for text specification have some 
consistency with the current web usability guidelines; on the other hand they 
conflicted on some occasions. The following sections discuss the analysis of the third 
part of the questionnaire, which was aimed at validating some other web 
specifications dealing with title, links and alignments. 

7.4.3.5 Title Questionnaire Data Analysis for Arabic users 

When users were asked to identify the title of the questionnaire web page the 
findings were 73% of the Arabic users pointed to the title of the document. From the 
findings it appears that most of the Arabic users considered the web page title to be 
the document title. However, most of the current titles' guidelines are for the browser 
titles without giving the title of the document an exact specification. Further 
questions were asked to at least identify a reasonable document title length. 

The results showed that 78% of the Arabic users found the short titles easier to 
recognise them the others. As the document title got longer, the lower the chance of it 
being memorable for Arabic users. Only 35% of the Arabic users rated the medium 
title length as memorable and even fewer Arabic users (22%) supported the long title. 
The user satisfaction proved that an appropriate, memorable title length should be 
within 20 characters in length and as the title length increased the memorability 
decreased. Many Arabic users did not like many links in a web page. The findings 
showed that 62% of them dislike to have several links. 

Since Arabic writing is from the right to left, the heading alignments tested were 
based on right alignment for text body. Headings alignment findings demonstrated 
that right alignment for headings was considered as the most organised alignment of 
all. Centred headings came second, and left heading alignment was regarded as 
disorganised by the vast majority of Arabic users. Table 7.22 illustrates how Arabic 
users regarded heading alignments. 
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Heading 
Alignment 

Organised Moderate Unorganised 

Right 71% 27% 2% 

Centre 55% 44% 2% 

Left 6% 11% 84% 

Table7.22: Arabic Users Rates for Different Heading Alignments 

The findings of the readability measure for the text body alignment showed that 
75% of Arabic users rated right text alignment as easy to read. Centre text alignments 
was graded as moderate, followed by left text alignment which was rated as hard to 
read. These findings were consistent with the Arabic writing direction. 

7.4.3.6 Title Questionnaire Data Analysis for English users 

The findings showed that 75% of the English users regarded the title of the 
document to be the title of the web page. But current guidelines are aimed at the 
browser's title and include the title of the document with the headings. English users 
were involved in evaluating the length of different documents titles. 

The English users' evaluation results showed that 71% of them preferred a short 
document title. However, 61% of the English users rated the medium length title as 
moderately memorable. A long title was rated as forgettable by 61% of the users. It 
was obvious that each time the document title became longer, it increased the 
probability of its contents being forgotten. The findings indicated that English users 
preferred many links in the web pages they browse, since 54% of them like to see 
several links in the web page. 

The results for the most preferable heading alignment was the left alignment. 
The English users found that web pages examples, with a left heading alignment, 
were more organised than the others. The findings showed that the web page 
organisation rate lowered, as the heading alignments moved to the centre or to the 
right. Table 7.23 shows the evaluation rates for different heading alignments. It is 
clear that the left heading alignment was seen as the most organised web page by 
English users, which is consistent with the English writing direction. 

Heading 
Alignment 

Organised Moderate Unorganised 

Right 11% 43% 47% 

Centre 50% 47% 4% 

Left 79% 18% 4% 

Table7.23: English Users Rates for Different Heading Alignments 
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7.4.3.6.1 Comparing Arabic to English Title Findings 

It is obvious that there were some similarities in the title questionnaire findings 
between English and Arabic. For instance, both Arabic and I? nglish users considered 
the document title to be the web page title instead of the browser title, with close 
percentages of 73% and 75% respectively. Also, both English and Arabic findings 
were consistent in determining the most memorable document title length. F. ach of' 
them believed that the short title length, which was around 20 characters long, was 
more memorable than any others. Thus, when the title length increases to more than 
20 characters, normal users' memories began to lose concentration. 

However, there was a difference, on the subject of including many links in the 
web page, between English and Arabic users. More than half' of the F. nglish users 
preferred to have many links in the web pages unlike their Arabic counterparts. 
Around 62% of Arabic users disliked many links in the weh page. 

There was a significant difference between Arabic and l'. nglish right headings 
alignments evaluation. Arabic users strongly supported the right headings alignments 
because of the Arabic language writing direction; so a dramatic but predictahle 
difference appeared between Arabic and English in rating Ictt heading alignments. 
The English users preferred left headings to any other (centre and right), consistent 
with the English writing direction. However, the Findings of the centre headings 
alignments were close to each other, in other words, there was no significant 
distinctions between the Arabic and English results. Figure 7.6 compares the Arabic 
and English centre headings alignments findings. 
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Figure 7.6: Comparison Between the Arabic and English Centre Heading 
Alignments 
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7.4.3.6.2 Mapping Between (English and Arabic) Users' Preferences and the 
Current Title Usability Guidelines 

Most of the current usability guidelines consider the browsers' title as the web 
page title (Nielsen, 2000; Ivory, 2001; Nielsen and Tahir, 2002), and have established 
different recommendations to characterise it. The title characteristics were discussed 
in Chapter 2. However, most of the users tested, for both Arabic and English, 

considered the document title as the web page title. Users from dissimilar 

communities thought that the text that appeared at the top of the web page was the 
web page title, and not the title located on the top of the browser's window frame. 

Nielsen's recommendation (2000) for minimising the number of the links within 
a page was consistent with the Arabic findings; a high number of Arabic users did not 
like many links within the web page. But the English findings contradicted the 
(Nielsen, 2000) guideline, since the majority of the English users preferred to have a 
large number of links. 

Lynch and Horton's (2001) recommendations for headings alignment were 
consistent with the English findings. English users significantly supported the left 
headings alignment on the basis of the left aligned text, unlike their Arabic 
counterparts. On the other hand, the right headings alignments were inconsistent with 
the (Lynch and Horton, 2001) suggestions that claimed that centre and right headings 
alignments make the display unbalanced. The right headings alignments (Lynch and 
Horton, 2001) recommendation were in line with the English findings. Furthermore, 
the centre headings alignments (Nielsen, 2000) guidelines were consistent with both 
findings, since Arabic and English users described this kind of headings alignments as 
moderate. 

The Arabic findings for the text body alignments were completely inconsistent 

with the literature alignments (Nielsen, 2000; Ivory, 2001; Lynch and Horton, 2001) 
as most of the alignment guidelines are constructed to support the Latin script or left 
to right writing direction languages in general and the English language in particular. 
Thus, the measuring scales for the text body alignments should not be the same if the 
language direction changed. 

7.5 Conclusion 

This chapter presented results from user satisfaction performed by 290 Arabic 
and English participants. After completing the data collection, it analysed this data on 
the basis of attractiveness, scanability, legibility, readability, and aspects' utilisation. 
The subjective data analysis provided significant evidence that culture has a major 
effect on web page design. Several differences were produced by comparing the 
findings of Arabic and English which were reflected in the usability guidelines 
validation. Appendix A contains all the bar graphs that show the differences between 
the Arabic and English findings. Thus, it appears that most of the usability guidelines 
were established for English, but still need to be updated frequently to meet the users' 
changing views and technological developments. 

Since culture can affect the way the users perceive the web pages, the usability 
guidelines need to be localised. In order to build a reliable, automated usability 
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evaluation tool, it should be possible to customise its evaluation to the users' needs. 
Additionally, the automated evaluation tool should be prepared to update its 
evaluation rules to be consistent with changes in the users' preferences. The usability 
rules adopted were captured from both the user satisfaction results and from the 
current usability guidelines. The basic usability rules are considered in the evaluating 
agent's construction and will be examined over several Arabic and English examples. 
The agent's evaluation is discussed in the next chapter. 
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Chapter Eight 

Assessing the Agent's Evaluation 

8.1 Introduction 

Chapter 7 linked the user satisfaction, with the current usability guidelines and 
pointed to the significant differences between the Arabic and English users' 
preferences. The results from Chapter 7 are adopted in the fuzzy evaluation model, 
and they form the basic usability rules of the inference system of the model. 

However, this chapter discusses the use of the fuzzy model implemented in the 
evaluation phase of the agent depicted in Chapter 6 Section 6.5.2. The intent of this 
chapter is threefold: 

- Test the effectiveness of the fuzzy model in producing reasonable 
evaluation in the light of the guideline and the usability testing findings. 

- Show the applicability to use the agent to measure the readability of 
dynamically changing web pages. 

- Assess different types of web pages. In other words, the readability of 
different web pages' categories can be evaluated by the agent. 

As mentioned in Chapter 6 Section 6.5, the multilingual automated web 
usability evaluation agent is built on the four different phases, of analysis, evaluation, 
learning and controller. This chapter presents the outcomes of the first two phases. 
Firstly, it discusses the quantification of the web page content performed in the 
analysis phase of the agent. Secondly, it applies the different web metrics quantities 
computed to produce the usability rate. Thirdly, it decides if the fuzzy model fulfils 
its targeted goals. The agent performance description is associated with two 
examples, one for each language included in the study and described in the next 
section. 

8.2 The Web Pages Examples 

To illustrate the function of the multilingual automated web usability evaluation 
agent in both English and Arabic environments the agent has been applied to both the 
BBC and the Aljazeera homepages, as samples of English and Arabic web pages 
respectively. The BBC and Aijazeera are well-known broadcasting organisations and 
their web pages have a reliable informational reputation, so they attract a wide 
audience. Additionally, as news providers, the BBC and Aijazeera are both fast 
changing web sites. Figure 8.1 and Figure 8.2 show the layout of both web page 
examples. Both web pages provide a wide range of information which involves news, 
business and money, health, sports, etc.. The English web page example was selected 
because, at first sight the BBC web page appears to have a good usability features 
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such as: high colour contrast, suitable font size, small and few images and a consistent 
layout. It is noticeable that the Aljazeera web page has different usability features 
well-matched with the Arabic users preferences discovered in Chapter 7 
Section 7.4.3.1: for instance in the contrast between the background and the text 
colour, the font size and the use of different colours for presenting the suhtitles. 

The process of evaluation starts when the agent receives the URI. address of the 
targeted web page. In other words, when the agent receives the ßt3(' or Aijazecra 
URI_ address, it downloads the HTML, source code and starts the analysis. 
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Figure 8.1: BBC Homepage (huh: ' Nýv%vv. hh(:. co. ul. ) October 2003 

8.3 Web Page Examples Analysis 

As described in Chapter 6 Section 6.5.1, the analysis phase of the agent would 
perform the HTML tags identification and the web metrics computation. This step is 
necessary to quantify the web aspects involved in each web page and investigated in 
the study (see Chapter 6). The current research used a total of' fifteen weh metrics to 
measure the usability of both Arabic and English weh pages. These web metrics were 
considered as basic factors in the production of a legible weh page. The computation 
of each web metrics depends on its availability in a web page, for instance it'the web 
page did not include an italic font effect, then the analysis would be zero. The 
following discussion contains the analysis of both Aljazeera and BIW weh pages. 
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Figure 8.2: Aljazeera Homepage (http: //www. aijazeera. net/) October 2003 

8.3.1 Aljazeera Web Page Analysis 

Figure 8.2 shows that the Aljazeera web page contained many images. the 
metric computation showed that 78 images were included in Aljazeera weh page and 
the summation of their sizes was 3148983 bytes. Aljazeera weh page findings also 
contained 1436 words. The values for both italic and underlined text were zero. The 
collected data showed that 79 links were used in Aljazeera weh page. the second 
column in Table 8.1 shows the weh metrics collected from the Al. jazeera Arabic web 
page. 

8.3.2BBC Web Page Analysis 

It is noticeable from Figure 8.1 that fewer images were used in the BBC weh 
page. The analysis results showed that 35 images were included in the design of the 
BBC web page with 30185 bytes summation sizes. I'he collected data revealed the 
total number of words used was 464. There were 213 links registered in the BBC weh 
page. Both the underlined and italic text effects were recorded as zero, since they had 
not been used in the design. Other collected data can be found in the third column of 
Table 8.1. 

As can be seen from Table 8.1 there is a difference between the analysis of, both 
Aljazeera and BBC web pages, which may relate to the Users' prefcrcnces mentioned 
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in Chapter 7. The agent's evaluation of the BBC and Aijazeera is different because it 
is based on the users' preferences and is discussed in the next sections. 

8.4 Comparing Aljazeera with BBC Web Pages Analysis 

In spite of the calls for internationalising the web pages (Russo and Boor 1993), 
the current usability guidelines seem to pay little attention to cultural differences that 
are reflected in user preferences. Applying current usability guidelines, aimed to 
assess English web pages, to evaluate web pages implemented in other languages 
such as Arabic is not necessarily reasonable, since these guidelines reflect the users' 
preferences in a particular society, and embed the users' cultural values as well as 
more practical differences such as writing/reading direction. 

It is quite clear from Table 8.1 that there were some differences, between the 
BBC and Aljazeera web pages, at least in the web aspects investigated in the study. 
For instance, Aljazeera's web page size and the number words contained in it were 
much larger than the BBC's. The evidence also showed that number of links in the 
BBC web page was proportionally greater than its counterpart by a factor of three, 
since Aljazeera web page had 79 links whereas the BBC contained 213. However, the 
number of images in Aljazeera web page was pro rata more than double that in the 
BBC page. It was noticeable that the BBC browser title length was three times as 
long as the Aljazeera browser title. There is only one font size analysed in Aljazeera 
web page and it was size 12 point, but the BBC's font sizes varied from 12 to 7.5 
point. 

All of these differences were consistent with the usability testing conducted by 
this research (see Chapter 7) and provide an informal confirmation of them. 
Therefore, the evaluation for each web page was based on the users' (Arabic or 
English) preferences established by the usability testing in addition to the current 
usability guidelines. 

Web Metric Aijazeera Values BBC Values 
Web page size 41125 37188 
Word count 1436 464 
Bold words 0 69 
Italic words 0 0 
Underlined words 0 0 
Number of links 79 213 
Heading alignment 0 0 
Text alignment 3, (right, centre, left 3, (right, centre, left 
Number of images 78 35 
Images sizes 3148983 30185 
Words in browser 
title 

4 11 

Font sizes count 1 3 
Font size 12 12,10,7.5 

Table 8.1: Aljazeera and BBC web pages metrics computed by the analysis phase 
of the agent 
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8.5 Web Page Examples Evaluation 

The evaluation of the web metrics was derived from the current usability 
guidelines in combination with the user satisfaction conducted by this research (see 
Chapter 7). Additionally, the web usability evaluation was based on the fuzzy 
evaluation model, discussed in Chapter 6, Section 6.5.2, and implemented in the 
evaluation phase of the agent. 

As mentioned in Chapter 6, Section 6.5.2, the evaluation of the web metrics 
collected from the analysis phase is classified and tested by an appropriate fuzzy 
model. These fuzzy models varied to test the length, contrast, size and the repetition 
of different web metrics such as links, bold, italic and underlined font effects. The 
following two sections will present the findings of the agent's evaluation for 
Aljazeera and BBC. 

8. S. 1 Aljazeera Web Page Evaluation 

Table 8.2 shows the Agent's primary usability evaluation findings for the 
Aljazeera web metrics collected. The evaluation findings for both the font size used 
and the bold text effect in Aljazeera web page was 100. There were many images 
included in the design as illustrated in Table 8.1, and then their usability evaluation 
result was zero. Seventy-nine links were used in the web page design, therefore the 
links count evaluation result was 33. The rest of the web aspects usability evaluation 
is revealed in Table 8.2. 

Web Aspect Fuzzy 
Evaluation 

Font size = 12 100 
Links count 33 
Browser title word count 98 
Right text alignment 100 
Centre text alignment 50 
Left text alignment 10 

Table 8.2: The Agent Primary Usability Evaluation of Aljazeera Web Page 

8.5.2BBC Web Page Evaluation 

The usability evaluation results for the registered web aspects available in the 
BBC web page were: 91 for bold effect, zero for the image sizes since there were 35 
images (see Table 8.1). The findings for the font size were 100,91 and 65 based on 
three, two and one font sizes respectively. 
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Web Aspect Fuzzy 
Evaluation 

Font size = 12 100 
Font size = 7.5 65 
Font size = 10 91 
Bold text effect 91 
Links count 100 
Browser title word count 59 
Left text alignment 100 
Right text alignment 10 
Centre text alignment 50 

Table 8.3: The Agent Primary Usability Evaluation of the BBC Web Page 

The links count evaluation was 100, since there were 213 links within the BBC 
web page and as mentioned in Chapter 7, Section 7.4.3.6 the English users prefer to 
have many links in their web page. Table 8.3 summaries all the usability evaluation 
produced by the agent. 

8.6 Comparing the Evaluation with the Existing Usability Guidelines 

The font size evaluation was consistent with both the usability testing (see 
Chapter 7, Section 7.4.3.3 and Section 7.4.3.4) in combination with the current 
usability guidelines (Nielsen 2000; Ivory 2001; Lynch and Horton 2001; Nielsen and 
Tahir 2002), since many usability recommendations suggested that bold effect text 
should be minimised within the same web page (Lynch and Horton 2001). The 
findings showed that the BBC bold percentage was 14% and was given 91 usability 
rates. If the bold usage increased the usability rate would decrease. One of the 
(Nielsen 2000) recommendations was to minimise the number of images used in the 
design, because they affect the web page download time. The findings showed that 
Aljazeera and the BBC contained many images, with large summation sizes illustrated 
in Table 8.1, and their usability rate were zero. The BBC link count usability rate was 
100 and that was compatible with the usability testing findings discussed in Chapter 7, 
Section 7.4.3.6. However, Aljazeera links count usability rate was 33, much lower 
than its counterpart because the Arabic users do not like to have many links within the 
web page. 

As mentioned in Chapter 2, Section 2.3, most of the current guidelines 
recommended using a maximum of six words for the title (Nielsen 2000; Ivory 2001) 
and together with the findings from Chapter 7, Section 7.4.3.5, Aljazeera browser title 
was given a high score (see Table 8.2). Other browser's title usability guidelines 
recommended using no more than eight words (Nielsen and Tahir 2002). Thus, the 
evaluation of the BBC browser's title was reduced to 59 since it contained 11 words. 
Even though there are many recommendations suggested to minimise the number of 
colours used in the web page (see Chapter 2), the findings from the usability testing 
showed that Arabic users prefer to have many colours (see Chapter 7). The text 
alignment findings were consistent with the usability guidelines mentioned in 
Chapter 2 together with the Chapter results. 
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8.7 Comparing the Agent's Evaluation with the Existing Usability 
Evaluation Tools 

Even though there exists a variety of usability evaluation tools, mentioned in 
Chapter 3, almost all of them have dissimilar assessment interpretation. Thus, the 
evaluation output produced by the agent cannot be compared with any of the current 
evaluation tools for two reasons. Firstly, this agent has the ability to evaluate Arabic 
web pages which the current usability evaluation tools cannot do. Secondly, even 
when evaluating English web pages, existing usability evaluation tools introduce their 
results differently, and no means of direct comparison exist. 

8.8 Dynamic Changes in the Web Pages 

One of the advantages of automated web usability evaluation tools is that they 
can assess the web pages at any time. The web environment is dynamic since 
different web pages are frequently updated, therefore to ensure the quality of the 
improved web pages, they need usually to be evaluated. Thus, it is necessary to 
automate web usability assessment so that changes can be detected and the new pages 
evaluated in line with the webmaster's requirements. 

This section focuses on the dynamic changes in web pages, especially on the 
news broadcasting examples presented in the previous section. By testing the BBC 
and Aijazeera web pages through selecting them at random times, it can appear that 
different web aspects were changed and these changes will be reflected in the scores 
for the usability. Table 8.4 and Table 8.5 show the changes in the Aljazeera and BBC 
web pages over time. 

There were differences among the analysis in various times for both the BBC 
and Aljazeera. These differences are in the words from the web page, words count in 
bold, number of links, number of images, image sizes in bytes and the web page size 
in bytes. The modified web aspects affect the usability scores produced by the agent. 
The next section discusses the influence of different web metrics quantities analysed 
in determining the usability rate. 

8.9 Assessing Different Web Pages Categories 

The agent's evaluation is not restricted to the evaluation of a specific category 
of web pages such as the news broadcasting. Since the principles for measuring 
readability as an aspect of web usability is not restricted to any particular type of web 
page, the usability guidelines adopted can be applied to other categories; however the 
presentation might differ. In other words, readability is independent of the content or 
subject area. This is demonstrated below. The next section describes the agent's 
ability to measure readability as an aspect of web usability for different web 
categories. 
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Web Aspect 
Aljazeera Web Metrics 

Aug. 14 Sep. 3 Sep. 8 Sep. 9 Oct. 14 

Web page size 35068 42446 43238 44096 41125 

Word count 1343 1434 1439 1490 1436 

Bold words 0 53 0 35 0 

Italic words 0 0 0 0 0 

Underlined words 0 0 0 0 0 
Number of links 55 76 82 82 79 

Browser title length 4 4 4 4 
Text alignments 3, {right, 

centre, left) 
3, (right, 

centre, left) 
3, {right, 

centre, left) 
3, fright, centre, 

left) 
3, {right, 

centre, left) 

Number of images 39 76 82 85 78 

Image size 1310091 3225896 3545516 3748160 3148983 

Font sizes count I 1 1 1 1 
Font size 12 12 12 12 12 

Table 8.4: Web Metrics Collected from Aljazeera Web Page in Several Times 

Web Aspect 
BBC Web Metrics 

Aug. 14 Sep. 3 Sep. 8 Sep. 9 Oct. 14 

Web page size 36639 36914 36911 37051 37188 
Word count 462 467 465 467 464 
Bold words 65 67 70 64 69 
Italic words 0 0 0 0 0 

Underlined words 0 0 0 0 0 
Number of links 212 212 213 213 213 
Browser title length 11 II II 11 1 
Text alignments 3, (right, 

centre, left) 
3, (nght, 

centre, left) 
3, (right, 

centre, left 
3, (right, 

centre, left) 
3, (right, 

centre, left) 
Number of images 34 35 35 35 35 
Image size 23085 26881 29693 26470 30185 

Font sizes count 3 3 3 3 3 
Font size 17.5,10,12) (7.5,10,12) (7.5,10.12) (7.5,10,12} {7.5,10,12} 

Table 8.5: Web Metrics Collected from the BBC Web Page in Several Times 

Four different web pages, for both Arabic and English (see Figure 8.4), from 
dissimilar web categories have been assessed; banking, charity, government, and 
family web pages. These examples were chosen because they targeted different 
groups of users and exhibited some dissimilar web aspects such as the colours used, 
and font sizes. Alahli Bank and Lloyds Bank are examples of the banking category in 
Arabic and English respectively, while for charity and government web pages Red 
Crescent and Saudi Post and the Red Cross and Royal Mail were chosen. 
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Figure 8.3: The Evaluation Analysis for Different Arabic Weh Pales Examples 

The evaluation of different weh aspects, appearing on the right side of 
Figure 8.3. ranges between 10 to 100. Each bar in the figure represents one aspect in 
the four Arabic sample web pages. The greater variation appears in the "number of 
the links" category. since they vary from one web page to another and their values are 
26.65 and 100. It is clear from Figure 8.3 that two different usability rates arc 
assigned to the evaluation of the browser title length. The usability rate l 'or the rest of 
the web aspects are either the same in all the web pages tested, appear with the same 
colour. or the web aspect appeared individually and was not repeated. 
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The variety of the web page aspects analysed and evaluated from the Fnglish 
web pages are represented in Figure 8.5. Even where some aspects appeared in all the 
four example web pages there are some differences in the usability rate based on their 
quantities in the web page. From Figure 8.5 it is apparent that the usability rate for 
both the "bold" and "number of links" web aspects take three different usability rate 
values. The bold usability rate ranges 65,91 and 100, where the highest score based 
on very few is bold utilisation in the weh page. However, the "number of links" 
usability rate varies between 39 and 91. The length of' the browser title and the 
number of the colours utilised in the four web pages examples were either 85 or 100, 
also based on their representation in each web page. 

It is obvious that the other bars in the figure seem to have the sane usability rate 
in all the cases (the four examples) such as the fett text alignment and 12 point tint 
size. The usability rate might be the same in three cases as 7.5 point tint size, which 
is size one. and in right text alignment. Several other quantities o1' web aspects are the 
same in two cases or appeared in only one case such as italic where its usability rate 
was 65. Furthermore, the colour combinations in the tour different examples are 
black text over white, highish green, light grey and very light grey background, dark 
brown text over light green, white background, medium blue text over white 
background, medium grey text over white background, very dark blue text over 
darkish red background. Their usability rate varies according to the colour 
combination contrast between 26 and 98. 

It is clear from all the usability scores among the examples assessed that 
usability rates were consistent if the quantities of different weh aspects are equal. I; ut 
when different quantities of specific web aspect used in several weh pages. it causes 
an individual usability rate. which causes differences in the evaluation. 
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8.10 Conclusion 

This chapter demonstrated the web page analysis and evaluation performance 
performed by the analysis and evaluation phases respectively. The results reported 
from the last phase showed that the fuzzy model is sufficient to produced usability 
rates for the different web aspects included in the study. These usability rates are 
consistent with the current usability guidelines together with the user satisfaction (see 
Chapter 7). The findings produced by the fuzzy model signify a major step toward 
achieving the original goal of this research. 

The examples' assessments illustrate the agent evaluation process and provide 
more insight into the dynamic web page aspects. Also, the examples prove that the 
characteristics of Arabic web pages differ from their English counterparts in 
predictable ways, which can be considered as another achievement of the study. The 
description of the three learning approaches and the differences between them are 
discussed in the next chapter. 
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Chapter Nine 

Evaluating the Agent's Learning 

9.1 Introduction 

It is important for the web usability evaluation agent to have a certain degree of 
intelligence which allows the agent to customise its web usability assessment. The 
intelligence in learning the webmaster's preferences is the second type of 
customisation investigated in this study; the other type of intelligence was to 
customise the assessment rules to the users' tastes. Chapter 6, Section 6.5.3 describes 
the three learning approaches methodology utilised by this research to establish the 
agent's intelligence. The three learning approaches depend on the webmaster's 
feedback, but they differ in their implementation. 

Chapter 8, Section 8.5 discussed the analysis and evaluation processes 
performed by the web usability evaluation agent. Aljazeera and BBC web pages were 
used to explain the agent's analysis and evaluation as an example of Arabic and 
English web pages respectively. The same web pages were used to test the three 
learning approaches. However, this chapter describes the customisation of the 
evaluation on the basis of webmaster's feedback and how these learning approaches 
influence the next evaluation. 

9.2 Web Page Examples and the Webmaster's Feedback 

As mentioned before, Aljazeera and the BBC are the examples to investigate the 
reaction of the three learning approaches. The three learning approaches were 
evaluated after the analysis and evaluation processes. The agent was run through 20 
iterations to test its learning performance. In each iteration the web usability 
evaluation agent received different feedback from the webmaster for each web aspect. 
The same feedback was applied for all three approaches each time. However, each 
learning approach processes the webmaster's feedback differently. Table 9.1 and 
Table 9.2 show the different values of the webmaster's feedback for the web aspects 
tested as well as all the iterations in evaluating both Aljazeera and the BBC web pages 
respectively. 

9.3 Agent's Learning Process 

As mentioned in Chapter 6 (see Section 6.5.3) the learning process started after 
the first evaluation was produced by the agent and sent to the webmaster. In return 
the agent received the webmaster's feedback and used it to learn the webmaster's 
tastes. The following sections discuss the findings established by the three learning 
approaches for both Aljazeera and BBC web pages. 

115 



CD ö 

00 0, CO ä N ä 00 
OZ 

Z 

00 

N 
ö 
Z ä ý N 

a' 
Ö ä 

00 
411 

'o 
z 

Z 00 00 _ r- M% 

z ä ä 00 ä N a'a a 

.X c; 

1 

ec 
Z 00 0, 00 r- QO r- 91 

m ý 
^ v 

00 00 00 00 rZ r2 
° 

3 ei 
z m M a ýD a M vi h a ýr ýp rn M 

L p'i e` 

N 
Cý 

Q oq 
O Z h v - ä h 

Z- = P1 N _ _ m 

Z 
vl 

M h 3 10 

O 
Z 

N týý1 
M 

N N Oý 

z N ý 
N n N 

N 

N 

z M N N M M 
00 

ý 

z 
M 

M 
1ý 

ý 
O` 

00 v'1 

. nw 

äý N E 

3 r 
E 2= 

H 

O 

fr 

bD 

.. r 

CX 

H 



N 
° 

z 0 m r- ^ ^ 

a, 
O 

00 
O 

00 
h 

t 
00 

00 
Z 
is z ý; C) 

00 
00 
00 

-Ir 
(71 

al 
00 

lIn 

C% 
r- 
rý r. 

f- 
00 

00 
r- 
r- 

00 
oo 

rn 
ON 

t- 
*0 

(71 
00 

10 
rý 

CD 
00 

cc 
r, 

ON 

00 

° 
z al 

00 
ýo 
00 

r- rý 
00 

ý 
00 
r- a, 

00 
M m T 

,ý 

ö 
z a' 

o°. ono 0000 
0' en 

00 
r 
00 00 00 

n 

h ö 
^ a ö. ý ý ý 10 0' 00 0' 

z w lei 1.0 Q* *0 
� f 

.. r 

z - 110 *0 rl 00 F. ý 

42.0 
L 
y 

° 
z 00 

, ä ö' ö' 00 

1 
101, ö' 00 

a' 
ä 

0No 

y 
z 

z ä ä 00 y 
1ý 
O e 

,ý 
u 

z - h wl 
10 

wA 
M 

M Vn1 et 
ON 

3 
y 

hol Oý 

ZI W) 10 V 

_ 
,O_ ,O -, r In rn 

Z p ö ä ; 0 ö 10 

10 11, "o I", V en In 110 

wl W'. 

Z a a ý! 
^ 

N M ýf M 

z O 
N 

C4 
tý1 

N 
ýO 

^ 
N 

N 
N 

Z 
r1 

N 
N 

M 
m 

t+1 
N 

v1 M 
M 

Oý 
- 

O 
e+l 

z 
N 
00 

ýO 
M r11 N N 

N 
N 

lei 

.. r 

z h 
N 00 

1ý 
N 

v1 
M 

V1 00 N 
try 

Oý 
-ý 

M 
M 

ýO 
N 

n, ' n O N 

LE 

y II II II 
w 

y [-o H V/ N N ü « 1, E E 2 

3 
C 

Ö hO±U ý C 
b11 W 

G0 C 
Qi 

LL. 

"r 

. tý 
bD 

ee 

Ger 

fr 
h 
Ce 

U 
m 



Learning Approaches Evaluation 

Web Aspect 
Webmaster's 

Feedback 
Original 

Evaluation 
Fuzzy Fuzzy Q_learning 

Average Average Evaluation Learning Learning 

Font size = 12 31 100 47 40 31 
Links count 7 33 3 9 7 
Browser title word 15 98 20 13 15 
count 
Image sizes 34 0 35 42 34 
Right text alignment 9 100 16 10 9 

Centre text 18 50 12 12 18 
alignment 
Left text alignment 15 10 6 13 15 

Table 9.3: The Aljazeera First Iteration Three Learning Approaches Evaluation 

9.3.1 Applying the Fuzzy Average Learning Approach 

The foundation for determining the new usability rates for different web aspects 
tested in the fuzzy average learning approach is rooted in calculating both the average 
of the webmaster's feedback and the previous usability rate (see Chapter 6 
Section 6.5.3.1). Both the webmaster's feedback and the previous usability rates were 
collected from profiles maintained by the controller phase (see Figure 6.1). These 
two profiles are updated when the agent is given a web page to test and consequently 
it receives feedback from the webmaster. 

For the first iteration, the determination of the new usability rates produced by 
this approach is driven from earlier webmaster's feedback and the agent's original 
evaluation. The results of the fuzzy average approach first iteration is shown in the 
fourth column in Tables 9.3 and 9.4 for the Aljazeera and BBC respectively. It is 
clear that the new evaluation rates produced by this approach were close to the 
webmaster's feedback. The amount of change is based on the value of the 
webmaster's feedback in combination with the agent's original usability rate 
evaluation. 

9.3.2Applying the Fuzzy Learning Approach 

The fuzzy learning approach, unlike the fuzzy average learning approach, is 
based on the last webmaster's feedback in determining the new usability rate. If the 
webmaster's feedback is minimised then the usability rate will be reduced and vice 
versa, as explained in Chapter 6 (Section 6.5.3.2). The last feedback can be taken 
from the webmaster's profile developed by the control phase of the agent. 

It is clear that almost all the new usability rate findings produced by the fuzzy 
learning approach in the first iteration decreased, based on the webmaster's feedback. 
However, two usability rates were increased in both the Aljazeera and the BBC (see 
Table 9.3 and Table 9.4). It increased for the image sizes in both web pages, whereas 
the re-evaluation of the right text alignment in the BBC and the left text alignment in 
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Aljazeera since the webmaster's feedback in both of them is greater than the agent's 
original usability rates. In order to customise the evaluation to the feedback this fuzzy 
learning approach tuned the usability rate to the webmaster's feedback. 

' 
Learning Approaches Evaluation 

Web Aspect Webmaster s 
Feedback 

Original 
Evaluation 

Fuzzy 
Average 
Learning 

Fuzzy 
Learning Q'learning 

Font size = 12 27 100 30 22 27 
Font size = 7.5 25 65 25 22 28 
Font size= 10 8 91 13 9 8 
Bold text effect 35 91 46 35 42 
Links count 18 100 18 12 18 
Browser title word 
count 

32 59 34 41 33 

Left text alignment 26 100 30 22 26 
Image sizes 15 0 6 13 14 
Right text alignment 19 10 5 11 19 
Centre text alignment 33 50 34 41 33 

Table 9.4: The BBC First Iteration Three Learning Approaches Evaluation 

9.3.3Applying the Q-Learning Approach 

The Q-learning approach can customise the calculation of the new usability rate 
to the webmaster's preferences by processing both the web metrics profile and the 
webmaster's feedback (see Chapter 6 Section 6.5.3.3). Each web metric identifies 
certain states that needs to be evaluated according previous feedback from the 
webmaster. The findings in the first iteration were the same as the webmaster's 
feedback, since all the Q initial values were zeros. 

By comparing the usability rates calculated via this learning approach with the 
agent's original usability rate, depicted in Tables 9.3 and 9.4, there are huge 
differences among them. These differences were increased or reduced the original 
usability rates calculated by the agent and are influenced by the webmaster's 
feedback. The findings from the revaluation, of both the Aljazeera and the BBC web 
pages, showed a drastic change from the agent's original usability rates since this 
learning approach tries to modify the new evaluation to customise it to the 
webmaster's feedback. 

9.4 Comparison Between the Three Learning Approaches 

As can be seen from all the new usability rates computed in the first iteration 
with the three different learning approaches they all changed from the original 
usability rate. The changes appeared for every web aspects analysed for both the 
BBC and Aljazeera web pages illustrated in the Tables 9.3 and 9.4. All these changes 
are affected by the webmaster's feedback but as can be seen from the first iteration in 
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Tables 9.1 and 9.2, the feedback range between (7- 35) disagrees and strongly 
disagrees, so most of the new usability rates are reduced. 

However, more than one iteration is needed to test the effectiveness in the 
customisation over the three learning approaches. As mentioned in Chapter 6 twenty 
iterations were performed to study the three learning approaches. The analysis of the 
responses from all the learning approaches is discussed in the next section. 

9.4.1 Responses 

From the first iteration analysis it is obvious that the usability rate computed by 
the three learning approaches was close to the first webmaster feedback. However, in 

order to investigate the effectiveness of each learning approach for the long run, it is 
necessary to examine their performance over several iterations and compare their 
output with the feedback. By running the agent for twenty iterations for each web 
page Aljazeera and BBC different reactions were collected. Appendix B contains 
tables with details of the three learning approaches responses for the Aijazeera and the 
BBC web pages tested. 

9.4.1.1 Aljazeera Learning Approaches Responses 

The webmaster's feedback values varied during the running of the agent over all 
the possible responses. The usability evaluation was customised to the webmaster's 
feedback via the three learning approaches. Because the web page evaluation is 
based on individually assessing different web aspects, the new scores for the usability 
evaluation is independently customised. 

Figure 9.1 shows three learning approaches responses to the font size over the 
20 iterations. The left hand side of Figure 9.1 shows that for the first few iterations 
the webmaster's feedback was low and then it starts to increase representation in the 
right hand side of the figure. It is clear that these changes in the feedback were 
associated with improvement in the evaluation produced by all of the three learning 
approaches. Table 9.5 depicts the 12 point font size evaluation associated with the 
webmaster's feedback for the 20 iterations. 

The effects of the webmaster's feedback were similar for all web aspects 
analysed and evaluated by the usability evaluation agent. Appendix B contains the 
figures that illustrate the changes of the evaluation based on the webmaster's feedback 
improvement for the other web aspects analysed from the Aljazeera web page. The 
next section explains the changes in the BBC web page evaluation. 
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120 
12 point Font Size 

100 

80 

60 ! Webmaster's Feedback 

40 Fuzzy Learning 

Fuzzy Average Learning 
20 

0 Q-Learning 
13579 11 13 15 17 19 

2468 10 12 14 16 18 20 

Iteration Number 

Figure 9.1: The Customisation of the Font Size (12 Point) 
UsabilityRate in Aljazeera Web Page 

Iteration Webmaster's Usability Eva luation Learnin Approaches 
Number Feedback Fuzzy Average Fuzzy Learning Q-learning 

1 31 47 40 31 
2 30 47 39 33 
3 12 31 11 15 
4 30 21 22.1 31 
5 16 20 13 19 
6 51 17 62 53 
7 38 18 40 44 
8 55 34 65 60 
9 47 35 43 53 
10 38 35 40 44 
11 88 32 96 93 
12 88 45 96 97 
13 80 46 94 90 
14 92 46 100 100 
15 98 64 100 100 
16 88 65 96 98 
17 97 64 100 100 
18 85 63 95 95 
19 90 69 100 100 
20 89 68 96 100 

Table 9.5: The Changes in Aljazeera Font Size (12 Point) Evaluation 
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9.4.1.2 BBC Learning Approaches Responses 

As mentioned in Chapter 6, Section 6.5.5 the webmaster's feedback values were 
varied during the running of the agent. Based on the webmaster's replies the new 
usability evaluation would be changed. Customising the usability evaluation to the 
webmaster's feedback was performed by the three learning approaches. In each 
iteration the same webmaster's feedback was used for the three learning approaches. 

Three different font sizes were analysed from the BBC web page (see Chapter 8 
Table 8.3), and then three individual evaluations were produced using three 
independent webmaster's feedback for each size. Figure 9.2 shows the three learning 
approaches responses for 7.5 font size using the changes in the webmaster's feedback 
over the 20 iterations, while Figure 9.3 and Figure 9.4 are the responses for the 10 
point and 12 point font sizes respectively. Each figure is associated with table that 
represents the different values of the webmaster's feedback and the three usability 
rates after the three learning techniques, fuzzy average, fuzzy and Q-learning. 

120, 

7.5 point Font Size 

100 

80 

60 

Webmaster's Feedback 

40 Fuzzy Learning 

20 Fuzzy Average Learning 

0 Q-Learning 

13579 11 13 15 17 19 
2468 10 12 14 16 18 20 

Iteration Number 

Figure 9.2: The Customisation of the Font Size (7.5 Point) 
Usability Rate in BBC Web Page 
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Iteration Webmaster's Usability Eva luation Learnin Approaches 
Number Feedback Fuzzy Average Fuzzy Learning Q-learning 

1 25 25 22 28 
2 28 20 22 31 
3 17 17 12 20 
4 10 17 11 14 
5 19 5 11 21 
6 43 18 44 49 
7 62 18 72 67 
8 40 32 40 46 
9 58 34 63 63 
10 51 35 63 57 
11 90 46 100 100 
12 86 46 95 96 
13 96 46 100 100 
14 94 63 100 100 
15 77 64 82 87 
16 97 64 100 100 
17 89 63 96 99 
18 77 62 82 87 
19 91 68 100 100 
20 90 68 96 99 
Table 9.6: The Changes in the BBC Font Size (7.5 Point) Evaluation 

120 

10 point Font Size 

100, 

80 

60 
Webmaster's Feedback 

40 
fh} Fuzzy Learning 

20 Fuzzy Average Learning 

ai 
0 Q-Learning 

13579 11 13 15 17 19 

2468 10 12 14 16 18 20 

Iteration Number 

Figure 9.3: The Customisation of the Font Size (10 Point) 
Usability Rate in BBC Web Page 
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Iteration Webmaster's Usability Eva luation Learnin Approaches 
Number Feedback Fuzzy Average Fuzzy Learning Q-learning 

1 8 14 9 8 
2 6 11 8 6 
3 34 6 42 35 
4 20 6 22 24 
5 19 6 11 21 
6 64 17 72 66 
7 41 17 44 48 
8 67 33 72 72 
9 65 34 72 72 
10 66 32 72 74 
11 82 46 95 89 
12 91 46 100 100 
13 98 63 100 100 
14 86 64 95 96 
15 92 65 100 100 
16 90 64 100 100 
17 86 63 95 96 
18 88 69 96 98 
19 80 68 94 90 
20 83 68 95 92 

Table 9.7: The Changes in the BBC Font Size (10 Point) Evaluation 

120 

12 point Font Size 

100 

80 

60 1' q ` 
Webmaster's Feedback 

40 n Fuzzy Learning 
t 1I 

20 Fuzzy Average Learning 
:ä 
Cl 

z0 Q-Learning 
13579 11 13 15 17 19 

2468 10 12 14 16 18 20 

Iteration Number 

Figure 9.4: The Customisation of the Font Size (12 Point) Usability 
Rate in BBC Web Page 
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Iteration Webmaster's Usability Eva luation Learn in Approaches 
Number Feedback Fuzzy Average Fuzzy Learning Q-learning 

1 27 30 22 27 
2 33 27 41 36 
3 22 20 21 25 
4 32 17 40 34 
5 14 17 13 15 
6 61 33 72 63 
7 42 34 44 47 
8 55 35 65 62 
9 45 34 43 50 
10 53 33 63 59 
11 91 46 100 97 
12 91 46 100 100 
13 91 63 100 100 
14 88 64 95 98 
15 91 65 100 100 
16 87 64 95 96 
17 97 63 100 100 
18 93 69 100 100 
19 88 68 95 96 
20 77 68 82 87 

Table 9.8: The Changes in the BBC Font Size (12 Point) Evaluation 

The left hand side of all the BBC font sizes figures (Figures 9.2,9.3,9.4) 
indicates that the first few iterations of the webmaster's feedback were low and then 
they start to increase as shown in the right hand side of the figures. In each iteration, 
the usability scores produced by different learning approaches were affected by the 
webmaster's feedback. Table 9.6, Table 9.7 and Table 9.8 depict the 7.5,10, and 12 
point font size evaluation associated with the webmaster's feedback for the 20 
iterations. 

Each web aspect tested had individual feedback which reflected the 
webmaster's acceptance of the evaluation. Appendix B contains the detail of other 
web aspects analysed from the BBC web page and evaluated by the agent which has 
figures to illustrate the reflection of the webmaster's feedback on the usability scores 
calculated in each iteration. 

9.5 Determining the Learning Approaches Accuracy 

From all the figures in last two sections (Aljazeera and BBC learning 
approaches responses), it is clear that the evaluation produced from all the learning 
approaches reduced as the feedback reduced and grew as the webmaster's responses 
increased. However, not all the three learning approaches responses were the same, 
since it is clear that the fuzzy average learning approach evaluations were the farthest 
away from the webmaster's responses. Because the fuzzy average learning approach 
is based on the average webmaster's feedback which seems to be close to the 
webmaster's feedback during the first few iteration it is not effective for long runs of 
usability evaluation especially if drastic responses appear. 

On the other hand, using the other techniques the evaluation produced by the 
fuzzy learning approach and the Q-learning approach were both consistent with the 

125 



webmaster's feedback. A drop in the webmaster's feedback values is associated with 
a reduction in both the fuzzy learning and Q-learning evaluations. 

9.5.1 Learning Approaches Results Accuracy 

It is realised from the figures illustrated earlier and the figures shown in 
Appendix B that the Q-learning and the fuzzy learning produce the closest usability 
evaluation to the webmaster's feedback. But the Q-learning responses appeared to be 
more identical to the webmaster's feedback changes. Also, it is obvious from all the 
figures that the Q-learning curve is consistent with the webmaster's feedback curve. 
In other words, it follows the details changes accurately and never goes below the 
webmaster's feedback. The Q-learning evaluation is either compatible or above the 
webmaster's feedback. However, the fuzzy learning evaluation does not show the 
same consistency as the Q-learning, because in some iterations the evaluation is 
below the feedback and in other iterations the evaluation appeared to be grater. Thus, 
the Q-learning evaluation exhibited more accuracy and consistency than the other 
learning approaches. 

A standard multiple regression analysis was used in order to detect the most 
accurate learning technique that produced the closest usability evaluation to the 
feedback. The regression measurement is based on selecting the webmaster's 
feedback as the dependent variable, while the three learning approaches were 
independent variables. 

It is clear that there were differences in the usability scores among the three 
learning approaches, but the best of all is the Q-learning approach. Q-learning gives 
the most reliable customised evaluation, based on the R square change. Table 9.9 
illustrates the R square changes among all the approaches. However, fuzzy learning 
comes in the second significant learning approach while the least accurate learning 
approach was the fuzzy average learning. 

In spite of the similarities in the usability evaluation for both the Q-learning and 
fuzzy learning approaches, the regression test shows that there is a huge difference in 
the R-square between them. This is attributed to the fact that the difference between 
the fuzzy learning's usability evaluation and the webmaster's feedback can be a 
positive number, a negative number or a zero, which significantly affected the 
regression test results. However, the difference between the Q-learning's usability 
evaluation and the webmaster's feedback appeared to be always negative. The Q- 
learning approach appeared to be greater than the webmaster's feedback, because it 
always maximise the reward of the webmaster. 

Learning Approach R Square R Square 
Change F Change 

Q-Learnin 0.993 0.993 63127.944 
Fuzzy Learnin 0.994 0.001 38.708 
Fuzzy Average Learnin g 0.994 0.000 14.454 

Table 9.9: Evaluating the Three Learning Approaches by Using the Simple 
Regression 
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9.5.2 Implementation 

As mentioned in Chapter 6 (Section 6.5.3), the implementation of each learning 
approach differs from the other approaches. All of them require knowledge of the 
web aspect state (current web metric measure) that needs to be evaluated, but they 
differ in the other data needed to determine the new evaluation. For instance, the 
fuzzy average approach is based on all the previous usability rates for the web aspect 
tested in addition to a collection of all previous webmaster's feedback for the web 
aspect evaluated. The fuzzy learning approach is founded only on the webmaster's 
last feedback, while the Q-learning approach is driven from the identification of the 
last feedback from the webmaster, together with all the previous evaluations of the 
same state of the web aspect. 

It is clear that fuzzy learning approach needs less storage since it relies on the 
last webmaster's feedback only. The Q-learning approach needs the profile of 
usability rate produced for different web aspects while the fuzzy average approach 
needs more profiles to be maintained, all previous webmaster's feedback and all the 
other usability rates produced by this approach. Also, the fuzzy average learning 
approach involves 45 fuzzy rules to infer the effects that cause the changes in the 
fuzzy evaluation model and then the overall usability evaluation produced. But the 
fuzzy learning approach inference section influences the fuzzy evaluation model with 
only five fuzzy rules. The deduction of the new usability rate by using the Q-learning 
approach is based on the formula presented in Chapter 6 (Section 6.5.3.3). 

9.6 Conclusion 

This chapter attempted to answer questions such as: is it possible to customise 
the usability evaluation, how effective are customised usability rates produced and 
which is the most efficient learning approach? Thus, this chapter presented the results 
from the three learning approaches (fuzzy learning, fuzzy average learning and Q- 
learning) tested for 20 iterations by using the Aljazeera and the BBC web pages. The 
detailed description of the first iteration for all the learning approaches was used to 
give an insight into the reactions of each approach individually. 

The study demonstrated that it is possible to customise the usability evaluation 
through all three learning approaches. Each of the learning approaches provided 
different customisation effects. 

However, the consistency of the evaluation results customised with the 
webmaster's feedback was measured by applying a standard regression test. The 
results showed that the Q-learning approach was significantly better than the other 
learning approaches. It is the closest approach to the webmaster's feedback, followed 
by the fuzzy learning approach while the weakest customised evaluation was 
produced by the fuzzy average approach. 
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Chapter Ten 

Conclusion and Future Work 

Users from all over the globe can be attracted by WWW services. Both WWW 

vendors and developers invest large amount of time in increasing the web's 
productivity. During the last decade, abundant usability guidelines and 
recommendations have been created, each of them aimed at improving web design. 
Chapter 2 presented an intensive survey of usability guidelines under scrutiny 
together with other recommendations which contribute to develop legible web pages. 
Furthermore, several automated and non-automated usability methods have been 

proposed and are discussed in Chapter 3. These methods 

- Detect problems in the design that might prevent the users from 
achieving their goals. 

- Improve the design by finding more effective and efficient 
alternatives to the existing one. 

- Discover new user interests or preferences which might cause 
changes in the usability guidelines. 

- Become aware of the users' behaviour and manner of performing 
certain tasks in order to consider them in future designs. 

Automated usability techniques are considered as an essential support to non- 
automated techniques and have several advantages over them as described in 
Chapter 3. Empirical automated usability evaluation techniques find a design's 

mistakes in a shorter time and at much less costs than non-automated. Examples 
include WebTango (Ivory, 2001), WebRemUsine (Paganelli and Paterno, 2002; 
Paterno, 2003) and others discussed in Chapter 3. But these automated techniques, 
despite their variety and abilities, are not able to customise their evaluation rules to 
match unpredictable changes in the usability guidelines or user requirements, and they 
cannot assess web pages implemented in languages other than English. In other 
words, the main weaknesses in the previous automated techniques are lack of 
customisation and intelligence. 

The agent technique is a recently developed method that is capable of adjusting 
its behaviour to its owner's preferences and user's needs. This technique was 
described in Chapter 4. Thus, it is appropriate to utilise this technique to develop an 
adaptable automated usability evaluation tool. In order for the agent to be adaptable it 
should learn either from the environment or from its owner or users. Chapter 4 also 
includes the descriptions of several learning methods that are used to provide the 
agent with this ability. 

This research is based on two usability evaluation methods. The first is user 
satisfaction (see Chapter 5) and the second is to heuristically adapt a group of existing 
guidelines to control the web page evaluation (see Chapter 6). The user satisfaction 
was performed to identify the Arabic users' preferences and is important in 
determining the basics of usability guidelines suitable for assessing Arabic web pages. 
Additionally, it was used to validate the usability guidelines for English web pages. 
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This was necessary because users' tastes change over the time, and because there 
were conflicts in some of the existing guidelines, and also to limit some of imprecise 
guideline measures. The findings from the user satisfaction in combination with the 
current usability guidelines are the foundation for the heuristics evaluation performed 
by the second part of the study. 

In spite of this research achievement in identifying the key usability guidelines 
for Arabic and validating the current English usability principles, more investigations 
should be performed to discover additional usability guidelines keeping in mind 
several aspects such as users' demographics and users' psychographics. Both of them 
significantly affect the users' preferences as well having cultural effects. 
Additionally, other aspects should be investigated in more details. For instance, in 
order to identify the specific number of links on a web page, the question should 
specify the type of the web page. In other words, the participants should have an idea 
about the class of the web page; whether it is a home page, an index page or a text 
page. Furthermore, the other questions dealing with colours would be answered more 
accurately if the colours were illustrated with the questions. 

The second section of this study utilised agent technology to perform an 
evaluation on both Arabic and English web pages. However, the agent's intended 
goals are not limited to heuristically evaluating the web pages but also to customising 
the evaluation to its webmaster's preferences. These two major goals have not been 
achieved by earlier automated usability evaluation techniques. 

The multilingual automated web usability evaluation agent customisation is not 
restricted to the webmaster's needs, instead it can be customised to web usability 
experts recommendations. This substitution shows that the agent approach has a 
variety of utilisations, which can help in increasing the web productivity and assisting 
web experts and researchers. Nothing needs to be changed in the evaluation agent 
construction when substituting the usability specialist for the webmaster, even the 
initial agent evaluation is the same, since the basic assessment is driven by the current 
usability guidelines in combination with the user satisfaction findings. However, the 
agent assessment customisation could be varied as the usability specialist requires. 
The differences would appear in customising the evaluation to match of each of their 
needs, because they might have other guidelines which contradict the agent's usability 
rules. 

The user satisfaction findings pointed to differences between two dissimilar 
cultures: English and Arabic. To reach a certain degree of stability and consistency in 
evaluating web pages with dissimilar languages, it is necessary to customise the 
evaluation. 

There were notable cultural differences between English and Arabic users and 
the different scripts affect the readability and the users' preferences too, since the 
evidence showed that Arabic users prefer larger font sizes especially for the 
presentation of important text. But the English users prefer a smaller font size and 
prefer bold font to emphasise important text. Both Arabic and English users prefer a 
short document title length. There is a significant difference in the number of links 
within an attractive web page since Arabic users dislike many links in their web pages 
unlike their English counterparts. The text and heading alignments are consistent 
with both languages writing directions. Arabic users significantly prefer right 
alignment direction, while English users prefer left alignment. 
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All of these differences were applied within the fuzzy rules that control the 
agent's evaluation. The results reported from the fuzzy model produced efficient 
usability rates for the different web aspects included in the study since these usability 
rates are consistent with the current usability guidelines together with the results of 
user satisfaction. The sufficient findings produced by the fuzzy model signify a major 
step toward implementing an intelligent usability evaluation approach, which is one of 
the original goals of this research. 

This study represents an important step towards automating the customisation of 
the web usability evaluation, which other automated usability evaluation tools cannot 
perform. All the learning approaches are consistent with the webmaster's needs, but 
the Q-learning approach is the most reliable, of the three learning approaches, in its 
customisation to the webmaster's preferences. Establishing an intelligent automated 
usability evaluation agent that can customise its evaluation to the webmaster's 
preferences was one of the achievements of this research. 

At this stage the multilingual automated web usability evaluation agent can 
measure the readability criteria, of both Arabic and English web pages, as part of web 
usability. It can be utilised to serve webmasters as well as web usability specialists in 
finding out if the web pages tested is consistent with the current web usability 
guidelines together with the user satisfaction results. For instance, if Arabic or 
English usability specialists want to check several web aspects such as font size, text 
alignment, different text effects and colour contrast, then they can use the multilingual 
automated web usability evaluation agent. 

The analysis of the web page introduced in this research is based on the web 
page over all or as one unit. For instance, there is no difference in assessing the small 
font size whether it appears on the top or the bottom of the web page. In another 
words, the usability evaluation rate is always low. However, in order to develop a 
more precise automated web usability evaluation tool that involves other criteria not 
included in this research such as assessing the font size based on its location on the 
web page, the web page analysis should be divided into several sections to increase 
the accuracy of the assessment. In this way the font size usability evaluation should 
be based on its position, for example the small font size usability evaluation rate 
should not be low if it appears on the bottom of the web page, while small font size 
should be given lower usability rate if it is displayed on the top. It is important to 
develop automated web usability evaluation tools that take into account the 
relationships between different web aspects such as the font size and its location on 
the web page and the utilisation of different colours and their positions. 

The multilingual automated web usability evaluation agent does not have the 
capabilities to assess other usability criteria such as the relationship between different 
web aspects. For example, any the text effects such as bold, italic, underlined and the 
text colour, which influence the readability. Other usability guidelines responsible for 
evaluating the utilisation of more than one aspect, in other words, the guidelines that 
can measure the relationship between different web aspects, which might interfere 
with each other, should be considered. Thus, in order to develop an impartial and 
comprehensive usability evaluation tool that can assess every aspect within the web 
page, more usability guidelines should be included. The fuzzy rules for the current 
evaluation model should be extended to involve the additional web usability 
guidelines. 
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Even though this study established the basic usability guidelines for presenting 
legible Arabic web pages (on basis of the user satisfaction), more investigation should 
be performed to extend the Arabic usability guidelines. Expanding the Arabic 
usability guidelines should involve other web page and site aspects not included in 
this study, such as accessibility and navigation. Establishing usability guidelines is 

necessary for automated and non-automated web usability evaluation. 

After a comprehensive review of the usability literature, the only guidelines 
existing are those related to the web pages written in English. Some of these 
guidelines can be applied to other languages, particularly those using Latin alphabets. 
In general there is a lack of usability guidelines for the presentation of different scripts 
such as Indian, Chinese, Korean or Japanese. There are no written guidelines for the 
majority of the world's scripts. Because of cultural differences, it is necessary to 
develop a set of usability guidelines for each of them. Different cultures guidelines 
need to be established to help in constructing successful multilingual web pages and 
to increase the web's productivity. 

Another possible extension to this study is to integrate a multi-agent system to 
sense the changes in the web pages, evaluate and then improve them. This could be 
achieved by first developing an agent that senses the changes in the web pages under 
a certain server. Secondly, utilising the multilingual web usability evaluation agent 
established by this study to evaluate the web pages needs to be assessed. It is possible 
to enable the evaluation agent to evaluate the non-HTML pages. The third part is to 
develop an agent that can automatically update or improve the web page evaluated to 
the agent's usability rules, based on the webmaster's preferences. 
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Appendix A 

User Satisfaction (Arabic and English) Findings' 
Comparison 

Chapter 5 discusses the user satisfaction methodology, and the user satisfaction 
findings were discussed in Chapter 7. This section presents the full bar graphs which 
comparing the findings of Arabic speakers with their English counterparts. 

A. 1 Colour User Satisfaction Findings Comparisons 

Colour user satisfaction is implemented to study the relationship between the 
colours usability and several concepts such as attractiveness and readability. 

A. 1.1 Attractiveness of the Four Selected Background Colours 

The colour user satisfaction contains four online examples with different colour 
combinations and different colour backgrounds: light blue, black, mild light pink and 
medium green shades. 
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A. 1.1.1 Blue Background Attractiveness 

Figure A. 1: Comparing Arabic with English Blue 
Background Colour Attractiveness 
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A. 1.1.2 Black Background Attractiveness 

Figure A. 2: Comparing Arabic with English Black Background 
Colour Attractiveness 
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A. 1.1.3Pink Background Attractiveness 

Figure A. 3: Comparing Arabic with English Pink 
Background Colour Attractiveness 
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A. 1.1.4 Green Background Attractiveness 
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Figure A. 4: Comparing Arabic with English Green Background 
Colour Attractiveness 
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A. 1.2 Readability of the Four Selected Background Colours 

The colour combinations affect the readability of the weh page, but in order to 
realise the users preferences the same four background colours were used. The 
following bar graphs show the comparisons between the Arabic and 1? nglish colour 
readability. 

A. 1.2.1 Blue Background Readability 
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Figure A. 5: Comparing Arabic with English Blue Background 
Colour Readability 
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A. 1.2.2 Black Background Readability 

Figure A. 6: Comparing Arabic with English Black Background 
Colour Readability 
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A. 1.2.3 Pink Background Readability 

100, 

80 

60 

40 

20 Native Language 

Arabic 

0 QEnglish 

Good Neutral Bad 

Readable Pink BG 

Figure A. 7: Comparing Arabic with English Pink 
Background Colour Readability 
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A. 1.2.4 Green Background Readability 
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Figure A. 8: Comparing Arabic with English Green 
Background Colour Readability 
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Figure A. 9: Comparing Arabic with English First Point 
Scanning 
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A. 2 Text User Satisfaction Findings Comparisons 

As described in Chapter 5 the text user satisfaction is concerned on identil'ving 
the text specification appropriate for both Arabic and English users. Chapter 7 
discussed the results form the text user satisfaction but the following figures represent 
the comparison between Arabic and English users' preferences. 

Figure . A. 10: Comparing Arabic with English Bold Text Readability 
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Figure A. 11: Comparing Arabic with English Italic '1'cxt 
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Figure A. 12: Comparing Arabic with Fnglish Underline 
Text Readability 
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Figure A. 13: Comparing Arabic with English Bold Text 
Scanability 
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Figure A. 14: Comparing Arabic with English Italic Text 
Scanability 

146 



Figure A. 15: Comparing Arabic with English Underline 
Text Scanability 

147 



10 

80- 

60. 

40- 

20 
Language 

(D 
N 

"Arabic 

U 

0 English 
Legible Moderate Illegible 

Legibility 14 pt. Font Size 

Figure A. 16: Comparing Arabic with English 14 Points 
Font Size Legibilitý° 
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Figure A. 17: Comparing Arabic with English 10 Point Font Size 
Legibility 
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Figure A. 18: Comparing Arabic with English 24 Point 
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Figure A. 19: Comparing Arabic with English 7.5 Point Font Sire 
Legibility 
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Appendix B 

The Three Learning Approaches Comparisons 

The data in this section involves the customisation in the web usability 
evaluation to the webmaster's feedback using the three learning approaches explained 
in Chapter 6. The following two sections contain figures which show the changes in 
the webmaster's feedback associated with the three learning approaches' evaluation, 
part of the comparisons is discussed in Chapter 9. The first section illustrates the 
effects of the Aljazeera webmaster's feedback on the three learning approaches, 
whereas the second describes the same effects for the BBC web page. 

BACustomising the Aijazeera Web Page Evaluation 
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Figure B. 1: The Customisation of the Number of Links Count Usability 
Rate in Aljazeera Web Page 
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Figure B. 2: The Customisation of the Image Sizes Usability 
Rate in Aljazeera Web Page 
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Figure B. 3: The Customisation of the Left Text Alignment Usability 
Rate in Aljazeera Web Page 
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Figure B. 4: The Customisation of the Centre Text Alignment Usability 
Rate in Aljazeera Web Page 
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Figure B. 5: The Customisation of the Right Text Alignment Usability 
Rate in Aljazeera Web Page 
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Figure B. 6: The Customisation of the Browser Title Usability Rate in 
Aljazeera Web Page 

B. 2 Customising the BBC Web Page Evaluation 
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Figure B. 7: The Customisation of Bold Text Effects Usability Rate in the 
BBC Web Page 
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Figure B. 8: The Customisation of ! Number of Links Usability 
Rate in the BBC Web Page 

120 
Image Sizes 

100,80, 

Webmaster's Feedback 

60- Fuzzy Learning 

40 
Fuzzy Average Learning 

20- 

Q-Learning 
0 

13579 11 13 15 17 19 
2468 10 12 14 16 18 20 

Iteration Number 

Figure B. 9: The Customisation of the Image Sizes Usability 
Rate in the BBC Web Page 
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Figure B. 10: The Customisation of the Left Text Alignment Usability 
Rate in the BBC Web Page 
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Figure B. 11: The Customisation of the Centre Text Alignment Usability 
Rate in the BBC Web Page 

Centre Text Alignment 

Webmaster's Feedback 

Fuzzy Learning 

157 



120 Right Text Alignment 

100 

80 Webmaster's Feedback 

60 
Fuzzy Learning 

40, 
Fuzzy Average Learning 

20- 

.0 Q-Learning 
0- 

13579 11 13 15 17 19 
2468 10 12 14 16 18 20 

Iteration Number 

Figure B. 12: The Customisation of the Right Text Alignment Usability 
Rate in the BBC Web Page 
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Figure B. 13: The Customisation of the Browser Title Usability Rate in the 
BBC Web Page 
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The following tables represent the usability evaluation values produced by each 
learning approach for both Aljazeera and BBC web pages. The values presented 
during the 20 iterations of usability evaluation performed for each web page. The 

changes in the usability evaluation are customised to the webmaster's feedbacks 

presented in Table 9.1 and Table 9.2 illustrated in Chapter 9. 
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Abstract 

Colour is not only an aesthetic feature of web design; it can be employed to emphasize specific 
items and to send signals to the user. There are many aspects of effective colour use; the most 
obvious are the consistency of the colours, their number and the relationship between the text and 
background colours. This last is often the most important but all of them affect web usability to 
some extent. 
This paper describes a fuzzy colouring model to measure objectively the relationship between the 
text and background and to produce a colour usability rating based on both web experts 
recommendation, to have the maximum contrast between the text and the background colours, and 
experimental results. This model is built in two phases, the intensity measuring phase and the 
colouring usability rate phase. The fuzzy model described here gives better usability rates than the 
colouring difference model suggested by other authors. 

1 Introduction 

Many web usability recommendations exist to guide web authors in the use of the colour. Most of 
these guidelines are based on the contrast between the text and the background colours, however 
almost all of them use very imprecise measures like "sufficient contrast" (Kerr, 2001; Sklar, 2000; 
Badre, 2002; Lynch and Horton, 2001), "high contrast" (Nielsen, 2000; Nielsen and Tahir, 2002; 
Rigden, 1999) etc.. These guidelines are inappropriate for automated usability measuring and 
there are too many pages on the web now to evaluate them consistently without some sort of 
automated tool. A more useful mechanism for measuring colour contrast in an appropriate way 
needs to be evolved. We have developed a scheme derived from the common web usability 
guidelines on colour but one which is quantifiable and testable. 
There is one existing quantifiable procedure, suggested by (Manley, 2001), which consists of 
adding the three values of the red, green and blue (RGB) colour components together for both the 
text and the background and then finding the difference. According to Manley the colour 
difference should be at least 255 (decimal) to provide sufficient contrast between the text and the 
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background colour. This colour difference measure does provide a starting point but is too crude 
to be useful. 
Our model involves measuring colour usability using fuzzy logic to incorporate the usual 
guidelines. It is constructed in two phases; the colour intensity phase and the colour usability rate 
phase. Both are described below in sections 2 and 3 and the results are discussed in sections 4 
and 5. 

2 Colour Intensity Phase 

It is necessary to determine the colour intensity of both the text and the background colours prior 
to the colour contrast assessment, which in turn is necessary to measure the usability rate. This 
phase uses the fuzzy rules to infer the colour intensity from its RGB components and their 
variations. Each of these components can be split into five fuzzy sets: Dark, MidDark, Medium, 
MidLight and Light, according to the amount used by the web designer and then combined to give 
an overall colour intensity measure. To determine the overall colour intensity various fuzzy rules 
are applied to combine the RGB components in order to give a specific colour intensity value. 
The colour intensity is quantified as: Darkest, VeryDark, Dark, MildDark, Darkish, Medium, 
Lightish, MildLight, Light, VeryLight and Lightest. The fuzzy rules involve combining the RGB 
intensities determined earlier in the fuzzy sets to produce a fuzzy colour intensity. This process 
can be illustrated by the following example: 

IF (Red IS Dark) AND (Green IS Dark) AND (Blue IS Dark) THEN 
(Colourlntensity IS Darkest) (1) 

Having established a general rule for colour intensity measuring, we also considered the special 
case of red/green colour blindness which is fairly common. The red/green colour blindness case is 
dealt with using the RGB colour intensities to produce an intensity of either Red or Green. This 
fuzzy rule is of the form: 

IF (Red IS Dark) AND (Green IS Medium) AND (Blue IS Dark) THEN 
(Colourlntensity IS Dark) AND (ColourBlind IS Green) (2) 

There are around 125 fuzzy rules to derive the colour intensity measure, and all of them followed 
the form of either example (1) or (2). Both forms of fuzzy rule are based on experimental results. 
The colour intensity crisp value, computed from the deffuzzification process, varies from (0-100) 
where 0 is the darkest and 100 is the lightest. 

3 Colour Usability Rate Phase 
Once the colour intensities have been established they are employed in the colour usability rate 
phase. This is a crucial part of the model, because it integrates the two colours intensities with the 
most common colour blindness case to produce an appropriate colour usability rate. Thus the 
specification of the colour intensity fuzzy set is inherited from the previous phase to infer the 
colour usability rate from the colour contrast measure. The colour usability rate can be 
categorised as VeryHigh, High, MildHigh, Highish, Medium, Lowish, MildLow, Low and 
VeryLow. The VeryHigh colour usability rate is achieved by the most widely recommended 
usability guidelines for colour. Most of the fuzzy rules that determine the colour usability rate are 
derived from previous studies together with experimental results. For instance, the combination of 
white background colour together with black text (but not the other way around) will be given the 
highest colour usability rate (Nielsen, 2000; Nielsen & Tahir, 2002; Lynch & Horton, 2001; 
Shneiderman, 1998) whereas a low contrast between the text and background colour indicates low 
colour usability evaluation. This guideline is applied in the following form of the fuzzy rules: 

IF ( Textlntensity IS Darkest) AND (BackGround Intensity IS Lightest) TH EN 
(ColourUsabilityRate IS VeryHigh) 
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Even where there is sufficient contrast between a dark background and light text, some usability 
experts give this a lower usability rate than the reverse (Nielsen, 2000; Nielsen & Tahir, 2002; 
Lynch & Horton, 2001; Shneiderman, 1998). However, there are other usability guidelines which 
strongly recommend the use of the dark background, light text combination (Preece et al 1994; 
Rivlin, Lewis & Davies-Cooper 1990). After some experiment, it was decided to adopt the more 
recent recommendations and the colour contrast fuzzy model will give this a lower usability rate 
than the dark background/light text combination. The corresponding fuzzy rule used to assess this 
is in the form: 

IF (Textlntensity IS Lightest) AND (BackGround Intensity IS Darkest) THEN 
(ColourUsabilityRate IS High) 

Whereas, low contrast between the text and background colour results in a low colour usability 
evaluation. This gives us a group of rules as follows: 

IF (Textlntensity IS Dark) AND (BackGround Intensity IS Dark) THEN 
(ColourUsabilityRate IS VeryLow) 

IF (Textlntensity IS Light) AND (BackGround Intensity IS Lightest) THEN 
(ColourUsabilityRate IS VeryLow) 

IF (Textlntensity IS Medium) AND (BackGroundlntensity IS Darkish) THEN 
(ColourUsabilityRate IS VeryLow) 

There are more than 140 fuzzy rules in the model to cover different aspects of colour contrast. 
These fuzzy rules are associated with each other to give a reliable colour usability rate. The crisp 
value, produced from the deffuzzification process, again varies from (0 - 100) where 0 is the 
lowest and 100 is the highest colour usability rate. 

4 Evaluation 
The fuzzy model has been used to produce a reliable colour usability rate. For example, the 
combination (white text on green background) gives a usability rate of 12.2% (Low) but the 
calculated intensity of the background is 77 (Light) and the text intensity is 100 (Lightest). So, in 
the colour difference model, it would be acceptable at 33.3%. The other example, involving the 
most common form of colour blindness, with the combination of green shade (# 99 ff 99) text and 
red (# ff 00 00) as a background is acceptable in the colour difference model and rated at 40% 
whereas, the fuzzy model produces 23.7% colour usability rate. 
Unlike the previous models for calculating the contrast between the text and the background 
colours, this fuzzy model deals with the combination differently. It is not necessary for the same 
combination to have the same usability rate when exchanging the text with the background colour 
and vice versa. As discussed earlier, black text on a white background is not the same as white 
text over a black background, so, the highest usability rate, 95%, is given to the black text over 
white colour combination by our fuzzy model whereas reversing this combination to black text on 
a white background is only rated as 83.3%. 
There are some other combinations that commonly annoy users even with normal vision, and, as 
result they might face difficulties when reading them. For example, light pink text (# ffccff) over 
green background (#OOffDO) where both colours picked from the safe web colours, is given a 
rating of 34%, but even though it provides a reasonable degree of contrast. With the difference 

model mentioned earlier this would be given 60%. 

5 Conclusion and Future Work 
Our fuzzy model considers the most recent and common usability recommendations and 
transforms them into a consistent and quantifiable form suitable for automated evaluation of web 
pages. This is, in itself, useful but an even more useful feature of our model is that it can easily be 
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adapted to take into account other aspects of colour as it affects usability. We intend to extend the 
model to include further experimental results on different users' and cultural groups' preferences 
in terms of colour. It can of course also be adapted to take into account other researchers results in 
the same area as they emerge in the future. 
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Appendix D 

User Satisfaction Questionnaires 

D. 1 Colour Usability Questionnaire (English version) 

Have you realised that the colours used can either draw your eyes towards or repel 
them from a specific web page? So how much do colours matter in web page design? 
This questionnaire is part of an attempt to find the answer. Please help me by filling it 
in. 

Question 1 

What is your native language? 

Arabic 

English 

Other 

Question 2 

Which of the following is the colour combination you like? 
r Dark-Blue text and White background 
r White text and Dark-Blue background 
r Black text and Light-Yellow background 
r Yellow text and Black background 

Question 3 

Do you like subtitles and the important information in the text to be in other colours? 
r Yes 

No 

Question 4 

What are the areas that you prefer to be in different colours? 
r Document Title 
r Important information in the text 
r Tables 

Subtitles 
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None 

Question 5 

Do you like a Dark background colour? 
r Yes 
r No 

Question 6 

Which is closest word to what the following colours suggest to you? 

White Ririri " 
Black Mourning 

Red Attention 

Blue Sad 

Yellow Happiness 

Green Envy " 

Question 7 

What do the following combinations remind you of? 

Red text and White background Joy 

Blue text and White background Nationalism 

Green text and White background Peace 

Yellow text and Black background Bugs v 

Green text and Red background Christmas v 

In the following questions the same 4 examples will be used 

Question 8 

Which of these 4 samples do you prefer? Arrange them in order marking your favourite as 
first and so on 
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LQZ, -ZU=X. 33QQ. 1! MMXMý ý- -jai X1 

Fde Edo Vrow Fa-ges Took H. Ip fa 
Back -" Ajjdrou io] http /Jo .o dcs shel ec k/--ysoon/exempW1 html Go 

Y: Search - �' Spn in 'I Mail - Messengel <ý A Mubik - !' Pereunels - ý> 

Ea h Facts 

Underground Facts 

ih , lain I- 
_. w b, -,, s. e" dud nat. -F r1 but the n, nnny ra""es 

_ 

-"i,! Lt ,a lr i -1-h 1a tail to be explored And theme tnay be Sortie still to be 

,1d 71b Fest n ysteme of all axe fond ,n thick layers fa to I: calmed 
lim. st ne It xs Tun , ratet, seeping teat : the gc nd, that d, ss elves, it at, swey, rocks sýxch 

s rar}: snit SVhen xmnwirter contains r&rl-. nn iin, ie finm the mt and the sott. it trtr.. er a 
wr ak acid vn ctrtnut I", ýýes :. f rook stickt ns lanestoxtr 

I ndeegtouf4 Farts 

Ai: unul, cclurh live it, eaves ue thou seeses u cell mtd touch I. f¢uf their wiry -. -d m 
the Bert; In the P. 7 aarunoth i: . tv h etaoual Part, to Yerduc}; y, II:; H, t1, e rove system is ah;, ut 
Stb' I34: n-: r. , icier; rl. r _ tit iu ilc ý`I, a. nl"r, in Maluyvta to stir wuxla" c big. 

... ,:,, i tA 1. g:, 

Forest Facts 

- .... .... ;r,, .... ýt" 'l a' l. ýr;. t 'I'1: ýr . n"� lýl:. c.. ýr ft, :, rrrýi. r. , rr 

rý Done Irrýnrr, nr 

I First IIiEII 
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File Edit View Fjvontes JOOIS Help 

Back Address It] http //www dcs shei ac uk/`maysoon/esample3 html (, >(i. 

Y/ - 
[Sew -Ch 

- ,i Sqn YI Ma& - (- Messerger < Yl Mobde - -i Personals 

- -- ---------------- ---- 

Earth Facts 
Uncet scroimd Facts 
ums. t c. n d 

Most of the Earth's land has now been surveyed and napped but there are many raves 
uncles the ground w-hrch have stall to be explwed And there nosy be non still t,; be 
discovered The biggest cave systems of all ere f'ou nd to thwt. layers of a inch celled 
limestone It is rainwater, seeping into the ground, that dissulvi"s, ur eats away, ru, kc suvh 
as tn, k salt When rmnwater contains carbon (bonde from the . in and the sod. it arts as a 
weak and on certain types of rock euch as limestone 

Uncle. -g u id Facts 

. ue il_ . 1i: 4: h: e ui caves use their source uP aniell and touch to find treu wiry ". rowrd ui 
t a, i"l.. In ehe RAaromoth Cave National Par11k vi K. +ntnrky, LISA. the rave syst.. is e}hnut 
56r 1;; ",, 11_ indes ý l-, g The Sassier ii. Chamber ui P. lalaysia 1s the world's buR; _pnl C'nvaru 
It sieh n,; 2, '97 fl ) long and over'? it m 230 tI) high 

Forest Facts 

Formst Animals 

root , r_r c. w rýr-ý mostly flat land There are many lakes. sines-flowing suean, ": 
vid eý e e: rt sv ympe b ound The weather is cold acid wet, with lung, snowy wuAt. rs 
Drum«, ihr c-'II months- animals, such as bedeers and beaus. hibernate. The many tonest 

S] Done 0 It. net 

I First 

c''"" 

i ` i. - .,.. .... ...,. .. , -. I, 

ý^J] Dorr Irýteind 

Question 9 

Please rate the attractivness of the colours selected in the following designs as 
j Good 
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Fib Eda View Fßvontes Tods Help 

. i- Back AAd, ess ;. j http //www dcs'het ac uk/'meysoon/exemplel html C>Go 

Seereh - -' Sqn m i' : YI Mail -C- Messergel C" YI Mobile - -l' P. ". -I. 

Earth Facts 

ll! 

Underground Facts 

d, L: gt -1 i- hIs till t. sf x l. xed 49 II; e, o sissy r m-: t Idl I,, h 
n c: J ed rr biggest 'a v tr: n of all re four ri , thick Inv . rs cr a to l . -nttect J Lrnest,: ar It ,s , aul 'atr:. ý. rFv, k -IL th p gun i. Sisal dissol ,rs. , eats way, --ky -ich 
as , ock: salt 'Nhen , aunw ater contauis certost d, o: ucle Finns the au 11 'd the sott it act,; ac e 
s'r ±1c ic., l urt rxt uul tope:; of rock ;: uclt uý lunr>tortr 

ndrrgrou, ut tar is 

Animals uYi : I, live ül n'a`gs UYe the. lenses of .. tell a11ý{ tiuc I1 t,: fun Sliest W'UV �t ýUll[I ül 

the dart: In the MsnsmnUs Ca" Itatronsl Part: ui Y_er, h, d. y, U. ^., the case system ,a about 
_. nn to 5: 34" mile: long The Sarawak ý'IaenJ+n a, Malin ra ,n the wo, ld'_ biggest Caviar. 
It 41 ,,. nA .. r: ""Id 511 , high 

Forest Facts 

... .. -_.. .. ".. ý, sl: : 'lnl lan. l "Fl. ne n:. ,a lakes. slew. tlowsr st, ealn:. 
11 , uP. ": t , ell, I. 

[-inc_z the col: l n, ont: ýc. vß.... 1- t, l.. t 

0] Done " IMmnwt 

Good vi 

!PI X1 

hin Eds Vlew Faserare Took Help 
.,, 

Good 
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Eile Ede View Fpvorites look Help 

. 'r Back Agidress] htrP! /www dcs sher ac uk/`maysoon/examDle3 html 

y! e- [Search I- Spn mi YI Mall -C- Messenger 

Earth Facts 
ITnderoround Facts 

Under the Ground 

Most of the Earth's 1 nc4 has now been surveyed and mapped but there we many covea 
raider the 6+round winch have still to be explored And there may be more . still to be 
discovered The biggest rave systemo of e11 are found In thick layers of a ron called 
limestone It Sr rainwater, seeping into the Pound, that dissolves, or eats away, t,, lks suds 
ns tori, satt When rernvýater contains carbon i+nnde from the are and the sort, it stete are a 
weak acrd or, vertun types ofrociy such as Iianestoae 

U. &. Z-.. d Fact. 

üx: unnls -1. c1, live vi caves u. e then senses of s: neu ms1 tijuch to find dito way nx uiuid ul 
the dark In the M. -th C. - Nnt, un, t Psk to Kentucky, I IS A. the xve yo.. s theist 

W uules ý lung The 5wawak Chembex ui Malaysia is the wýnlts biggest C'evextx 
Itxs10t, mr : 297 ft, long end ovec 70 m(230 ft) high 

Forest Facts 

Feiest Anihnals 

ThF ný nh ern fo+e<t1 11vß on mostly flat land There at. many IA.,, M- fl-p o--, 
alai aýýas cf lnp; «tuu'u, d The, we ether is cold and wet, wilts lotiK, snowy wvriezs 
Duw-, e the ; oi{. m? nt2-ýs, uvnýals, stich at badgers and bears. hibernate The mnnv forert 

4J Dorr 

Good 

!p iýaýýý, ýi 

.e 
ýi ... ., 

<«. 

ü 

] Done 

Question 10 

10 Inrernnr 

Please rate the readability of the colours selected in the following designs 

_IstxI 

YI Mobile - %ý' Pei: onels 
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Underground Facts 
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weak erud on certain types of tool: such as Iimsstone 

I'ndergrvund tarts 

At-als winch lave in ewes use then senses of smell and toý'h to find tlieu wrsv euormd v. 
the Berk In the hl--th C, - National Ptuk to Kentucky It l ,, t},, rave svslem le ehnut. 

Tt: : tat at u : lsnr: e: u. Mnin sta u them el' b: sK ,t.. . tn 
1- 1311 til h"71, 

Forest Facts 
'i oo . . n. mal. 
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2J Done Internet 
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Earth Facts 
Undcrfround Facts 
Urader the Ge.. i d 

t, lost of the Earths land has now been surveyed and mapped but there are twiny caves 
undtt the ground winch have stall to be explored lind thor, ' mLLy be mire YLIII to br 
discovered The biggest cave systems of all eire foisted in , Yuck layers of a reck celled 
lunesluae It is rainwater, eeeputg trite the gound. t at dissolves, or -ate away, rocke such 
as se k salt '. 'hen tamwater rontauns carbon diode from the air and t h, A. it arts as a 
re ak v id on c ertain types of rock such as limestone 

t! mlesyrouxd Farts 

tr K)--h hve m raves nor there senses of -'11 -A touch to fmd then way ruowtd ur r ü 
ih irrt In the Mammoth Cave National Park so K.. entueky, LISA, the cave system is ahmst - 
5eG tier3I miles i long The Smau W. Ch-b- ut Malaysia is th, world's Marie, Cav, ýru 
ft t<7lO sit 2,297 l) long and over Ill is, 230 R) high 

Forest Facia 
Forest Animals 

., them Insects r? row on mostly that land There are many lakes. slow-tlnwrnp. rit,. os ": 
., 1 of swampy groused The weather is cold and wet, with long, snowy wudns u-s 

Lou. ne the cold months. axumals. such as badeas and beans. hibernate The mute torat 

itiý Done Ira-. w 
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Thank you for your time and the valuable information you are submitting. 
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D. 2 Text Usability Questionnaire (English version) 

Text Usability Questionnaire 
jh 

M, 

' 
ý 

, p\ 

Have you realised that text Appearance used can either draw your eyes towards or 
repel them from a specific web page? So how much does text and its specifications 
matter in web page design? This questionnaire is part of an attempt to answer the 
question. Please help me by filling it in. 

Question I 

What is the first point you noticed on this page? 
r Upper left corner 
r Upper center 
r Upper right corner 
r Middle of the page 
r None of the above 

Question 2 

The first thing I looked at deliberately it in this page was: 
University logo 

Document Title 
r Questionnaire body 

Question 3 

I like subtitles and the important information in the text to be: 
r Bold 

In italics 
r Underlined 

A larger letter size 
In capitals 

C In other colour 
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Question 4 

Which of the following do you think can he scanned faster? 

Bold headings 

Italic headings 
C Underlined headings 
C Larger letter size headings 

Capital headings 

Coloured headings 

Question 5 

On basis of readability. decide how pleasant to read each of the 4 samples 
Pleasant 

=1! f1 xJ 

File Eda Vew Fgvontes 100h ye4 
r+ BacF Ade st ,J hltp //ww $ dcs shel acuk/-maysoon/emphasizeexamplel hlml I 

(J fo 

10 
,ý- 

Seeich -! Sgn n YI Mail -C- Messergel <% YI Mobie - ;' Pmsonals 

Earth Facts 
IIndcrttround Facts 

-. th. _-. nd 

Most of the Firth's land has now been surveyed and napped but there are many caves 
under the ground wkick have still is be explored. And there may be more still to be 
discovered. The biggest cave systems of all are found in thick layers of a rock called 
limeslsne. It is rainwater. seeping into the ground, that dissolves, or eats away, rocks 
such as rock salt. \i'ken rainwater contains carbon dioxide from the air and the soil, it 

acts as a weak acid on certain types of rock, such as limestone. 

Und=tom -uni Fats 

Animals which live in - ue thin sears ofsmrU and touch to find thruway around 
in the dark. In the Mammoth Cave National Park in Kentucky, USA, the rave system is 

about 560 kiss ( 348 miles ) long. The Sarawak Chamber is Malaysia is the world's 
biggest Cavern. It is^00 so ( :. 291 It ) lsx and over ?0m( 230 ft ) high. 

Last Updated t, -09-2U02 mu tta tI! , tge 

c 
I Pleasant 

0 Inter at 
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_1QI XI 

Fde Edo View FQvontes look Fje1p ik. 

r BwF Ad&ess IC help //www dcs shel ac uk/-maysoon/emphasizeexample2 hlml ý� (+o 

Yr - 
ýT Search -J Sgn n YI Mdl - (' Messerge, `/. YI M. N. - =; Personals -» 

LTndcrgrotind Facts 

T'nd, th" C -d 

Earth Facts 

Most of the Earth', land has now been surveyed and mapped but there are many caves 
under the ground which have sb! l to be explored And there may be more snit to be 
discovered The biggest cave systems of a7! arejound in thick layers fa rock called 
hmestene It,, rainwater, seeping into the ground, that dissolves, or eats away, rocks 
such as rock salt When rainwater contains carbon dioaidefom the air and the soll, it 
acts as a weak acid on certain types of rock, such as limestone 

Underground Facts 

Animals which h ve :n cares use then senses of smell and touch to f nd thev way around 
m the dark In the Mammoth Cave National Park in Kentucky, USA the cave system is 
about 560 km ( 348 miles ) long The Sarawak Chamber in Malaysia is the world's 
biggcst Cavern hßs700m(2297J1)long and over 70m (730Jtlhigh 

Last Updated 6-09-2002 of -tant id, tnccs 

: 

asr- .f 

-0 IN. 111A 

-11117 _! t>I xi 

FDIC Ed$ Yew F9vontez Iooh Heb 

-L+ Back. -» Address IOJ http '. www dcs shet a uk/°maymoniemphesizeexamplel html I& Vo c 
YI 

(% - Search - Sign YI Mal -C- Messenger <` YI Mobde - Personals 

Underground Facts 

Unde, the O, ound 

Earth Facts 

Most of the Earths land has now been surveyed and m%Rped but there ere many coves 
under the ¢tound wtuch have still to be explored And there mnv be more still tobe 
discovered The best cave systems of ell we found xn thick layers of stock called 
limestone It is ramwatex_ seen n2 Into the mound that dissolves. or eats away- rocks such 

ock salt When rainwater contains carbon dioxide from the au end the soil it acts as 
weak acid on certain types of rock such as limestone 

Underground Facts 

Animals which Lve in caves use then senses of smell and touch to find then wav a±oL_d i_ 
the desk In the Mammoth Ce e Netsonel Peek en Kentucky USA the cave system is abo4 
560 km i 34S males) long The Se<awak Ch=bet en Malaysia is the world's bee¢est Cavern. 
It , 700 ml 22Q7 ft) low end over 70 mt 230 ft) hegh 

Last Updated 6-09-2002 I 

IP] Done 10 Irt. -I 
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141 xJ 

Fie Edo View Fgvontes iooh Heb 

. 'r Back Address' ] http //www dcs shel ac uk maYsoon/emphasixexample4 html "1 fJ Go 

Yi - Semch - Sgn n YI Ma - (- Mesvenget YI Morale - /- Personals » 

Earth Facts 
Undcrground Facts 

Under the G ound 

MOST OF THE EARTH'S LAND HAS NOW BEEN SURVEYED AND MAPPED BUT 
THERE ARE MANY CAVES UNDER THE GROUND WHICH HAVE STILL TO BE 
EXPLORED AND THERE MAY BE MORE STILL TO BE DISCOVERED THE BIGGEST 
CAVE SYSTEMS OF ALL ARE FOUND IN THICK LAYERS OF A ROCK CALLED 
LIMESTONE IT IS RAINWATER, SEEPING INTO THE GROUND, THAT DISSOLVFS' 
OR EATS AWAY. ROCKS SUCH AS ROCK SALT WHEN RAINWATER CONTAIIJS 
CARBON DIOXIDE FROM THE AIR AND THE SOIL, IT ACTS AS A WEAK ACID ON 
CERTAIN TYPES OF ROCK, SUCH AS LIMESTONE 

Underground Facts 

ANIMALS WHICH LIVE IN CAVES USE THEIR SENSES OF SMELL AND TOUCH TO 
FIND THEIR WAY AROUND IN THE DARK IN THE MAMMOTH CAVE NATIONAL 
PARK IN KENTUCKY. USA, THE CAVE SYSTEM IS ABOUT 560 KM (348 MILFS ) 
LUNG THE SARAWAK CHAMBER IN MALAYSIA IS THE WORLD'S BIOBEST 
CAVERN IT IS700 M(2.297 FT) LONG AND OVER 70 M (230 FT) HIGH 

Last TTp ti ti-: 9-J00ý' ug, it. acu i1. ti 

C Done y Internet 

Question 6 

Determine how fast you can scan each of the following 
Easy 

-1e1 Xi 

Fik Ed, I Vrew F9vontes Took IJ-eb 

4- Back -" Address tJ hup ! /www dcs shet acukrmaysoon/IScanrnngexamplel html 

ýi Q Search - ..! 
Sgn rct 4? YI Mail -(" Messenger V YI Mobile " ; /' Pet onus » 

Earth Facts 
Underground Facts 
rr�dr tk Grua 

Most :f the E uth s Iand I, ns now been surveyed and mapped but there are many caves 
r. rndei the round which have still to be explored And there may be more still to be 
discovered The biggest cave systems of all are found in tkick layers ofa rock called 
Limestone. It is rainwater, seeping into the ground, that dissolves, or eats away, rocks such 
as -A salt 't'hen rainwater contains carbon dioxide from the air and the soQ it acts as a 
weal: -, d or, certain types of rock. such as limestone 

Undrrg-d Fars 

Animals which live in caves use their senses of smell and touch to find their way around in 
the dark I. the Mýtl Cave National Park in Kentueky. USA, the cave system is about 
'60 km( 348 stales l long The Sarawak Chamber in Malaysia is the world's biggest 
Cavern It is700 m(2,297 ft) long and over 70 mi 230 ft) high 

Last Updated 6-09-2002 Tir <_ttsnt N_, itice 

Done C 7p INWm t 
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I Easy I 

I X1 

Fde Edo View Fpvortes Tools Heb 16 

Back. " Address ý'1, ] http //www dcs chef ac uk/'maysoon/IS cannmgcvample2 hlml -j , )GO 

e Search Sqn in ' YI Meil " Messerget YI Montle Petconels » 

Earth Facts 
Undcrground Facts 

Unde, the Ground 

Most of the Earth's land has now been surveyed and mapped but there are many caves 
under the ground which have still to be explored And there may be more still to be 
discovered The biggest cave systems ofall are found in thick layers ofa rock called 
limestone It is rainwater, seeping into the ground that dissolves, or eats away, rocks such 
as rock salt When rainwater contains a. bon dioxide from the au and the sod, it acts as a 
weak acrd on certain types of rock, such as limestone 

Underground Facts 

Animals which live in caves use their senses of smell and touch to find their way around in 
the dark In the Mammoth Cave National Park in Kentucky. (ISA, the cave system is about 
560 his ( 348 miles) long The Sarawak Chamber in Malaysia is the world's biggest 
Careen k is700 m(2,297 ft) long and over 70 m( 230 ft) high 

Last Updated 6-09-2002 Lriuoilant N , tsces 

C Done 

Easy 

0 In einot 

�ý .1 
11 xJ 

Flk Eder View Fpvades book Help 

w Back A! Jdross i 4g! ] http //www dcs shel ac uk/ may-oon Iti 3nningexample3 hlml 

i (ý Seeich II� Sign n YI Mail C Metserpec YI M. N. . '' Fen-ls » 

Earth Facts 
Underground Facts 
u�cer 0- -h --d 

Most of the Earths land has now been surveyed and mapped but there are many caves 
under the ground which have still to be explored And there maybe more still tobe 
discovered The biggest cave systems of all are found to thick layers of a rock called 
limestone It is rainwater, seeping into the ground, that dissolves, or eats away, rocks such 
as rock salt When rainwater contacts carbon dioxide from the air and the soil, it acts as a 
weak acid on certain types of rock, such as limestone 

Underpound Facts 

Animals which hve In caves use their senses of smell and touch to find their way around in 
the dark In the Mammoth Cave National Park in Kentucky. USA. the cave system is about 
c60 lam ( 348 miles) long The Sarawak Chamber in Malaysia is the worlds biggest Cavern 
It is700 m(2,297 ft) long and over 70 m( 230 ft) high 

Last Updated 6-09-2002 LmG, rtara Notices 

g] Dori 10 Intemet 
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is! x 
FIe [dt View Fpvortes Tools L-leip 

Back -" Address fL http //www dcs chef ac k, n ysnnn/tScanningexample4 WH ý'. (J Vo 

Yi' - 
ýTT Seatch Sgn n YI Mai -C' Messenge, < YI Mobile - ": ý PetsnaI. 

Earth Facts 
Underground Facts 

UNDER THE GROUND 

Most of the Earth's land has now been surveyed and mapped but there are many caves 
under the ground which have still to be explored And there maybe more still to be 
discovered. THE BIGGEST CAVE SYSTEMS OF ALL ARE FOUND IN THICK I-AVERS OF 

A ROCK CAIIFD LIMESTONE It is rainwater, seeping into the ground, that dissolves. of 
eats away, rocks such as tock salt When rainwater contains carbon diuxwde fruits the an 
and the soil, it acts as a weak acid on certain types of rock, such as limestone 

Underground Facts 

Animals wlvch live in caves use then senses of smell and touch to find then way wound in 
the dark In the MAMMOTH Cave National Park in KENTUCKY. USA, the ceve system ýs 
about 560 km ( 348 miles) long The SARA WAK CHAM13ER IN MALAYSIA IS THE 
WORLD'S BIGGEST CAVERN It is700 m (2,297 ft) long and ov,, 70 m (230 ft) high 

Last Updated 6-09-2002 LuF, 

Done 

Easy 

is IMsn. t 

r1AI xi 

Fde Edo View FArontes Tools Fjep 

4- Back. -" Address 1#1 hfp //www dcs shef ac uk/'maysoon/fScannmgexampk5 himl Go 

Search /S Y: ; YI Mai C- Messenger `/ YI Mobae "ý>' Pmsonel: -» 

Earth Facts 
Underground Facts 
Under the Crrotmd 

Most of the Earth's land has now been surveyed and mapped but there are many caves 
under the ground which have still to be explored And there may be more still to be 

discovered The biggest cave systems of all are found in thick layers 

of a rock called limestone. It is rainwater, seeping into the ground, that dissolves, 

or eats away. rocks such as rock salt When rainwater contains carbon dioxide from the au 
and the soQ it acts as a weak acid on certain types of rock such as limestone 

Underground Facts 

Armmals which live in caves use their senses of smell and touch to find their way around in 
the clack In the Mammoth Cave National Park to Kentucky, USA the cave 

system is about kio km ( 340 miles) long The Sarawak Chamber in Malaysia is 

the world's biggest Cavern It is7oo in (2,297 ft) long and over 70 in 2311 ft) high 

Last Updated 6-09-2002 Important 11 ot s 

. 
_] 

Dore 

Question 7 

0 Irgemet 
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Question 7 

Determine the legibility level for each of the 4 samples 
I Legible 

ý".. 
, _Idl xl 

Fde Eda View Foote s foots hiep 

.; ý Back Ajdress i] htrp //www dcs shel ec. uk! 'mnvsnnn, 'trn r, výý.. m , pl, I html 

Sgn fl Mail C Mewe t ., Y'I MrAbAo 

Earth Facts 
Underground Facts 
Linder the (: round 

Most of the Earth's land has now been surveyed and i napped but 
there are many eaves under the ground which have still to be 
explored. And there may be more still to be discovered. The 
biggest cave systems of all are found in thick layers of a rock 
called limestone. It is rainwater, seeping into the wound, that 
dissolves, or cats away, rocks such as rock salt. When rainwater 
contains carbon dioxide from the air and the soil, it acts as a weak 
acid on certain types of rock, such as limestone. 

Underground Facts 

Animals which live in caves use their senses of smell and touch to 
find their way around in the dark. In the Mammoth Cave National 
Park in Kentucky. USA, the cave system is about 560 ktn ( 3.18 
miles ) long. The Sarawak Chamber in Malaysia is the world's 
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All of these questionnaires are translated to Arabic as mentioned in (Section 5.2.3) 
and they are illustrated in the following sections. 
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