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Abhstract

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 thests:

- 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 ts 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 i1dentify 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 1s 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
1s 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.



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 1is
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 1s the lack of any reliable guidelines (see Chapter 2). One obvious
weakness of the existing usability guideltnes 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 1s another weakness of the majority of the existing tools.
The intelligence 1s 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




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.



Chapter Two

Web Usability Guidelines

2.1 Introduction

A wide variety of usability guidelines exist, 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 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 al. 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.
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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 1s 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 1s 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 1deal 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).



- 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 1t 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, 1.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



(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).

- Avoild red and green, pink and green and blue and yellow colour
combinations because they affect the readability of the web page in

general and i1t 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 1s 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).




- A good page measure 1s to have one to three colours within the web page
(Ivory. 2001).

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

[t is obvious that there 1s 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 1s not limited to aesthetics, adding interest for the

users; instead they have different emotional meanings in different cultures (Mooney.
1998: Shneiderman. 1998).

Many of the previous colour guidelines are based on uncertain measurements,
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 web design
aspect in more detail in the fuzzy colour model (Abulkhair and North, 2003)
associated with user satisfaction.

After the immediate user recognition of the colours utilised in the web 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)

Users can traverse web pages in several ways 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 Figure 2.2) or as
clockwise pattern (see Figure 2.3) (Sklar, 2000).
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Figure 2.2: Paper based reading pattern for web viewing
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[n 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 be indicated by bold.
italic. underlining, changed font size. tace. colour or alignment. Each of these aspects
has its own guidelines to improve its usage. Some 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 Horton, 2001). The guidelines tor
selecting the colours have been mentioned earlier. The following guidelines will
discuss each aspect separately. starting with the bold text guidelines:

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

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

Bold text gives an impression of a loud voice, and the redundant boldface usage

1s 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 web document (Lynch and Horton, 2001). However, italic face text
has a different appearance on the screen and because different screens have different
resolutions., many web usability experts such as Nielsen, Sklar, Ivory. Lynch and
Horton 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 1talic (Lynch and Horton. 2001).
- [talic text is hard to read in paragraph format (Sklar, 2000).

- Avoid using italic text (Ivory, 2001).



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 1it.

- 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 senf 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 1s 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 1s 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 1n 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 i1s 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 1s left alignment for the left justified text
(Lynch and Horton, 2001).

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

- Centred and night 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). Lett 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 1s 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 web
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. However.
these ditticulties can be reduced, if the developers manage to organise their screen’s
display. There are some guidelines for managing the length of the web 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).

T'he latest 1s a usetul 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

There are different ways of implementing menus in the web. The menu
presented in Figure 2.5 is a vertical menu presentation. whereas horizontal
presentation 1s illustrated in Figure 2.6. Menus can appear as hyperlinks located at the
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Figure 2.6: Horizontal Menu Organisation

In addition to the contribution in establishing a well organised web page. menus
can provide coherence for long web pages. This can keep the users aware of the
whole information supplied by the web pages.

Finally. the web page design should be consistent and that involves balancing
the overall layout. In other words. different web page components should be selected
to present the information and. at the same time, each web component should be
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 many 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 web 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 web pages may be browsed by large number of users many companies want
to have a chance to attract advertising revenue. They divide their web pages into
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different sections and one of the section 1s used for advertisements throughout. Users
seem to be annoyed by advertisements and have learned to ignore them (Nielsen and
Tahir. 2002). But if the developers insist on including the advertisements within their
web pages. they should reserve a special places for them, such as a banner area, and
never place them next to important web page content (Nielsen and Tahir, 2002).
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Figure 2.7: Some Advertisments Areas

Furthermore. the developers should explicitly point to the advertisements 1f they
do not place them in well-known areas often used for advertisements, to let the users
easily distinguish them from the main web content (Nielsen and Tahir, 2002). Popup
windows advertisements are considered to be one of the worst 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 be 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 i1mages 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
web pages and do not like to wait even a tew seconds. Developers should remember
that web users do not have patience. Animated images and blinking and animated
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text, all require more concentration and time from the users in order to recognise the
message they intended to convey.

2.711.3 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 1s 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 i1s 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 1s 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 1s 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 1dentifies 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 1t 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 al.

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 1s considered important since it contains three vital
goals every system developed aims to achieve. Another definition of usability 1s
provided by Metrics for Usability Standards in Computing (MUSIiC) (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 1s
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 i1s more
descriptive than the other.

3.6 Usability Evaluation

Measuring the effectiveness, efficiency and satisfaction of the interface usability
1s 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)

After identifying the usability evaluation and measurement goals. The usablhty
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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1s shared by both definitions. Therefore, the (ISO, 1991) definition 1s more
descriptive than the other.

3.6 Usability Evaluation

Measuring the effectiveness, efficiency and satisfaction of the interface usability
1s 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 1s 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)

After identifying the usability evaluation and measurement goals. The usability
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 1s 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 1s 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.



- 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 1s
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 1s
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 1ssues 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).

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).

. Preparation, which 1s 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.

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 i1s 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 1n the test.

. 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).

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 1s 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 al. 2002):

Guideline review; this i1s 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 6.3.5.

3.7 Usability Testing for Cultural differences

As mentioned earlier in the usability testing method Section 3.6.2.1, usability
testing 1s 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 1if the usability test 1s 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

29



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 al. 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 1s 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 i1s 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 1s 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 1s 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 1s 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 usabihity. 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 accord