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Abstract

In the last decade, the growth and the popularity of the WorldWide Web (Web) have
been phenomenal. Originally, it was a purely text-based system that allowed assistive
technologies to be designed to transform pages into alternative forms (e.g., audio) for
disabled people. This meant that for the first time, a vast amount of information was
available and easily accessible to disabled people. However, advances in technologies
and changes in the main authoring language, transformed theWeb into a true visual
communication medium. These changes eventually made the Web inaccessible to vi-
sually impaired users. In particular, travelling around the Web became a complicated
task, since the richness of visual navigational objects presented to their sighted coun-
terparts are neither appropriate nor accessible to visually impaired users.

This thesis investigates principles and derived techniques to enhance the travel ex-
perience for visually impaired Web users. The hypothesis isthat travel support for
visually impaired users can be improved if Web pages are analysed to identify the
objects that support travel and are then transformed in sucha way that they can then
fulfill their intended or implicit roles. This hypothesis issupported by the identification
of structural and navigational properties of Web pages which have been encapsulated
into an ontology (WAfA) to support machine processing; and the design of a flexible
pipeline approach to annotate and transform Web pages by using this ontology. An
experimental test-bed, Dante, has also been created based on this pipeline approach,
that encodes these principles and techniques to transform Web pages. Finally, a user
evaluation method is devised and applied to demonstrate that the travel experience of
visually disabled users can be improved through the application of these techniques.

This research demonstrates that by providing machine processable data, regarding
the structural and navigational properties of Web pages, applications can be created to
present Web pages in alternative forms and so enhance the travel experience of visually
impaired users. The work presented in this thesis is of practical value to the Web
accessibility community and is an important case study for demonstrating Semantic
Web technologies. By moving away from thinking that simple translation of text to
audio is enough to provide access to Web pages, this thesis ispart of the coming of
age of assistive technology and is a significant contribution to redressing the inequality
arising from visual dominance in the Web.
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Chapter 1

Introduction

The World Wide Web (Web), the famous branch of the Internet, was developed in the

early nineties [13]. Since then, the growth and popularity of the Web has been phe-

nomenal. One of the many reasons for this is the simplicity ofthe language used to

compose pages – the HyperText Markup Language (HTML) [80]. Originally, the Web

started off as a purely text-based system. This allowed assistive technologies [3] to

be designed to transform pages into alternative forms (e.g., audio) for disabled people.

This meant that for the first time vast quantities of information were easily accessible

to visually impaired people. However, advances in technologies and also changes in

HTML itself, allowed Web pages to become true visual communication media. These

transformations eventually made the Web inaccessible to disabled users [109]. In par-

ticular, for visually impaired users travelling around theWeb is a complicated task,

since the richness of visual navigational objects presented to sighted users are neither

appropriate nor accessible.

This thesis proposes techniques and principles to enhance the travel experience of

visually impaired users on the Web. The hypothesis is that the travel experience of

visually impaired users can be improved if Web pages are analysed to identify objects

that support travel and are transformed in a way that these objects can fulfill their

intended roles. In supporting this hypothesis it is claimedthat by identifying these

objects and adding semantics to make them computationally available, a computer

application can be designed and developed to transform Web pages by using these

semantics and different techniques to enhance the travel support provided.

13



CHAPTER 1. INTRODUCTION 14

1.1 Web Accessibility

Web Accessibilityrefers to the practice of making pages on the Web accessible to all

users, especially to those with disabilities [87, 109]. Disabled people usually use as-

sistive technologies1 to access Web pages in alternative forms (e.g, audio, Braille). Al-

though an accessible Web means unprecedented access to information for people with

disabilities, recent research suggests that the best practice on accessibility has not yet

been achieved. For example, [61, 68] found the accessibility of the high street stores,

banks and universities in the UK extremely disappointing. [2] surveyed 20 ‘Flagship’

governmental Web sites in the UK and concluded that 75% needed immediate atten-

tion in one area or another. Recently, the Disability RightsCommission (DRC) also

conducted an extensive user evaluation whose report [3] concludes that most Web sites

(81%) fail to satisfy even basic accessibility requirements.

The Web plays an increasingly important role in many areas (e.g., education, gov-

ernment) so an accessible Web that allows people with disabilities to actively par-

ticipate in society is essential for equal opportunities inthose areas2. Furthermore,

Web accessibility is not only a social issue but it is also becoming a legal require-

ment [87, 109]. Nations and continents including the UK3, Australia, Canada and the

United States are approving specific legislation to enforceWeb accessibility.

The research presented in this thesis contributes to the knowledge in the Web ac-

cessibility field. The main goal of this research is to understand how to provide better

accessibility support for visually impaired users4. Therefore, before we present the ob-

jectives of this thesis, in the following section we presenthow visually impaired users

access Web pages and what kind of problems they have, and discuss the work that has

been done in this field.

1.2 The Problem Statement

Visually impaired users usually access Web pages by using screen readers. Screen

readers are assistive technologies that render pages in audio and allow either simple

line based interaction or full reading of a page, from top to bottom, one word at a

1Assistive technologyrefers to hardware and software designed to facilitate the use of computers by
people with disabilities [3].

2Seehttp://www.w3.org/WAI/intro/accessibility.
3Seehttp://www.drc-gb.org/open4all/law/.
4The termvisually impaired is used as a generic phrase for all those people who have either little

or no vision not corrected by human artifice.
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time. While screen readers enable visually impaired users to access the Web, it is still

a difficult task. For example, [32] surveyed Web sites and concluded that “the Web is

about three times more difficult to use for users who are visually impaired than it is for

sighted users. The DRC report also states that among disabled groups studied (e.g.,

blind, dyslexic), “blind users constituted the most disenfranchised group” [3].

Inappropriately designed Web pages and the insufficiency ofcurrently available

assistive technologies are the two main reasons for the problems that visually impaired

users encounter [55]. Although, guidelines are introducedto promote accessibility on

the Web [32, 49], few pages conform to these guidelines [3]. Nowadays, Web pages are

designed in a complex and nonlinear fashion, and the focus ison visual interaction [82,

40]. The home page of ACM5 is a good example (see Figure 1.1). The page is visually

quite well organised, for example the navigation links are separated from the main

content by using sidebars, page title is highlighted in the header, etc. While these visual

elements are mainly used to create aesthetically pleasing environments, they actually

provide visual guidance to ease the access to that environment [119]. However, as these

spatial cues are not explicitly specified in the source code,they are not accessible to

screen readers therefore to visually impaired users. For example, Figure 1.1 (b) shows

how the ACM home page is rendered by a screen reader in audio; the page is actually

perceived as a long list of items. Screen readers focus on directly translating content

of a page to audio rather than supporting easy movement within or between pages.

There are tools to evaluate Web pages against accessibilityguidelines and repair

any contravention [8, 9, 87, 109]. Although these are important to promote Web ac-

cessibility, they mainly lack an understanding of how visually impaired people interact

with Web pages in audio; what kinds of objects they need or use, and what kind of

spatial environment is easier for them to navigate, etc.

The accessibility issues discussed here can be summarised as follows:

• Visually impaired users have difficulties accessing the Web[2, 3, 33, 61, 68];

• Most Web pages do not satisfy even basic accessibility requirements [3];

• Screen readers cannot see the structure of the document (e.g., proximity or

grouping of the objects) and the implicit visual cues (e.g.,typography or font

size) that play a crucial role in understanding the content of the document [119];

• Existing work does not provide an understanding of how visually impaired users

access the Web in audio [8, 9, 87, 109].
5Seehttp://www.acm.org/.
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Figure 1.1: The home page of ACM (07/02/2005).

1.3 Research Questions and Objectives

In this section, we discuss a number of questions which arisefrom the issues discussed

in the previous section and from our hypothesis, present theobjectives of this thesis

based on these questions and introduce the contributions tomeet these objectives.

(Q1) – How do visually impaired users travel around Web pages?

Existing research suggests that there is more work to do on understanding how visu-

ally impaired users really move around and between Web pages[46]. This lack of

understanding led to poor travel support for visually impaired Web users [53, 54, 55].

Harper [53] introduced the notion of travel and mobility on the Web to improve

the accessibility of Web pages for visually impaired users by drawing an analogy be-

tween virtual travel and travel in the physical world.Travel is defined as the confident

navigation andorientation with purpose, ease and accuracy within anenvironment.

Navigation suggests an opportunity of movement within the local environment.Ori-

entation is the knowledge of the basic spatial relationships betweenobjects within the

environment, and the objects and the traveller.Mobility is the ease and confidence at

which travel can be accomplished.Environment is the context in which the traveller

journeys through and includes the way the landscape is rendered and perceived.
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In order to be able to adapt and transfer the findings and observations of real world

travel studies to the virtual Web world, a model of travel hasbeen proposed [46]. This

model consists of three components: objects (e.g., landmarks), actions (e.g., land-

mark detection) and instruments (e.g., preview). Travellers navigate and orientate

themselves by consulting memoryobjectsand detecting and identifying landmarks.

Consultation, detection and identification are accomplished through themobility in-

strumentsof in-journey guidance, previews, probes and feedbacks. Even though this

model provides an understanding of how visually impaired people travel on the Web,

it still does not provide comprehensive knowledge about theobjects that traveller use

to accomplish the purpose of their journey [125] (see Chapter 2 and 3).

(Q2) – What kind of objects do visually impaired people use orneed to use in an

environment to complete a successful journey?

In the real world, [73, 88] suggest that travellers use or mayneed to use environmental

features or elements in order to complete a successful journey. We call these features

and elementstravel objects. For instance, they use landmarks and memory objects

to reassure themselves that they are safe to proceed and are going the right way. If

we look at the virtual Web landscape from thetravel perspective these objects also

exist on Web pages. For example, in Figure 1.1 (a), the logo ofthe ACM can be

considered as a unique and memorable feature of the environment [66]. These kinds

of objects are considered as landmarks or reference points.They provide users with

information on where they are in a page, just as unique features aid navigation in

physical environments [37]. However, in the audio rendering of Web pages, these

objects cannot play their roles (see Figure 1.1 (b)). Assistive technologies (i.e., screen

readers) do not treat them in a special and appropriate form,so their role in supporting

the travel is diminished. They need to be presented in a way that they can fulfill their

intended roles and support travel on the Web. But first we needto identify these objects

and their roles in detail.

This thesis extends the model of travel [46] by creating a classification of travel

objects and identifying their characteristics in detail [125] (see Chapter 3).

(Q3) – Can Web pages be systematically analysed to extract travel objects?

Harper [53] has proposed a mobility analysis framework, however the focus is on pro-

viding a mobility rating which shows the mobility support ofthe page being analysed.

In practice, this framework proved to be inappropriate and insufficiently detailed to be
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used to identify travel objects and their roles. Therefore,we present a description and

evaluation of a framework, called the travel analysis framework, that systematically

analyses Web pages to extract travel objects. This framework provides guidelines to

identify these objects and proposes a set of techniques to classify them based on their

roles in supporting a traveller’s journey. A procedure is also devised to evaluate this

framework. The application of this evaluation procedure demonstrates that the analysis

process encoded in this framework is systematic and consistent [125] (see Chapter 3).

(Q4) – How can knowledge about these objects be captured in a computationally

available form?

In order to demonstrate our hypothesis which claims that transforming Web pages

by using identified travel objects can improve travel support, we need to be able to

computationally process them. This requires associating identified knowledge with

objects on a Web page.

One possible way of associating this information externally is using semantic an-

notation techniques. Semantic annotation is the process ofsemantically enriching Web

pages by adding metadata6 so that they are not only available for human consumption

but also available for machine processing [51]. However, inorder to accomplish this

semantic annotation we need to capture knowledge about these objects in a way that

enables us to perform the annotations. A widely known way of knowledge capturing

is creating “ontologies”. An ontology allows us to create machine-interpretable defi-

nitions of concepts to create a controlled vocabulary [86].Therefore, the Web Author-

ing for Accessibility (WAfA) ontology has been developed toencapsulate knowledge

about travel objects in a computationally available form (see Chapter 4).

(Q5) – Do the travel objects provide enough understanding ofboth structural and

navigational properties of Web pages?

Although the classification of travel objects and the travelanalysis framework provides

an understanding of how travel objects are used or needed to be used in a typical

journey, we still lack the understanding of the underlying structure of the Web pages.

Travel objects do not provide information about the overallstructure and organisation

of Web pages, and how these objects are presented. Therefore, this thesis investigates

the relationship(s) between how these objects arepresentedandused.

6Metadata is data describing content/functionality.
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Figure 1.2: The Dante approach and the structure of the thesis.

It is observed that HTML which is the main Web authoring language does not pro-

vide enough information about travel objects. It mainly provides a vocabulary that can

be used to markup the physical properties of Web pages (e.g.,image IMG tag) but not

the navigational (e.g., reference point) and structural properties (e.g., logo). Therefore,

travel objects are extended by studying existing work on Webdesign, transcoding, Web

accessibility, etc. to identify the terminology that people use to describe the structure

of Web pages. Therefore the WAfA ontology encodes knowledgeabout both structural

and navigational properties of Web pages (see Chapter 4).

(Q6) – How can Web pages be annotated with the WAfA ontology?

The annotations with the WAfA ontology are mainly required to perform the transfor-

mations of Web pages. This then raises the question “what would be the best way to

link the annotation and transformation processes?”. The main requirements for this can

be specified as (i) the output from the first component will be the input to the other;

(ii) loosely coupled components would be beneficial as they can easily be replaced

with alternative implementations. Based on these requirements, this thesis proposes a

method which is based on a flexible pipeline approach. This approach provides the op-

portunity that the annotations can arrive in different formats from different sources. We

have developed Dante which is an experimental test bed that shows how this pipeline

can be developed. Even though in Dante some particular toolsare used to annotate and

transform Web pages, the infrastructure proposed by this pipeline can still be used to

accommodate alternative implementations. Figure 1.2 shows the process encoded in

Dante [122, 123, 124].
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We surveyed annotation tools and techniques to find out if we can use an existing

tool in Dante. Our survey revealed that the existing tools and techniques focus on the

annotation of the content rather than the structure of the pages. We also found out that

even though these annotation tools can be used to annotate Web pages, none of them

addresses the issue of creating relationship(s) between the annotations. Therefore, we

used an existing annotation tool and developed another toolto create relationship(s)

between the annotations (see Chapter 5).

(Q7) – How can annotations be used to transform Web pages?

This thesis proposes different techniques to transform Webpages to provide alterna-

tive views of a page to support a variety of journeys. The proposed transformation

techniques are based on the model of travel. These techniques can be considered as

intermediate operations that transform pages into a form which can easily be accessed

with a screen reader. Our experiments with the proposed transformation techniques

also demonstrate that the quality and the quantity of the annotations depend on the

transformation techniques to be performed. With these transformation techniques, the

WAfA ontology is also evaluated by assessing its competencyto satisfy the require-

ments of these techniques (see Chapter 5).

(Q8) – How can Web pages be evaluated for their travel support?

The transformation techniques encoded in Dante show that performed annotations can

be used to transform Web pages into alternative forms. Now weneed to ask the ques-

tion “do the transformed pages provide better travel support?”. In order to answer this

question we need to first ask “how can we evaluate the travel support provided?”.

This thesis introduces an evaluation procedure that is based on the model of travel

and aims to compare the travel support provided by the original and transformed pages.

This procedure is mainly a comparative task based evaluation which uses three evalua-

tion methods Cooperative evaluation [120], Task Load Index(TLX) [57] and structured

interview [38] (see Chapter 6).

(Q9) – Do transformed pages provide better travel support?

The procedure developed is applied in order to demonstrate that the transformed pages

provide better travel support. Participants were asked to perform a number of ques-

tions on both original and transformed versions of a number of pages. The results
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demonstrate that the transformations enhance the experience of visually impaired Web

travellers by improving mobility and consequently enhancing the travel support pro-

vided. For example, participants found the transformed version to be more organised,

less cluttered and more manageable. Along with such positive results, this evaluation

also highlighted certain issues that need further investigation. For example, some trans-

formation techniques can abolish some of the reference points with which participants

are familiar (see Chapter 6).

1.4 Thesis Outline

The remainder of this thesis is organised as follows, as depicted in Figure 1.2:

Chapter 2 Presents the state of the art in Web accessibility, discusses assistive tech-

nologies (e.g., screen readers), Web accessibility guidelines and tools, the Se-

mantic Web and accessibility, and compares audio and visualWeb navigation.

Chapter 3 Discusses the notion of travel on the Web in detail, presentsthe travel

analysis framework that encodes techniques to identify andclassify travel ob-

jects, and explains the evaluation of the framework that demonstrates that this

framework is systematic enough to be used as the basis of a tool.

Chapter 4 Introduces the WAfA ontology, describes its design and implementation

processes, and presents its three sub-ontologies which are(i) authoring concepts

to define structural properties of Web pages, (ii)mobility conceptsto define nav-

igational properties of Web pages and (iii)contextual conceptsto represent con-

text of a journey.

Chapter 5 Describes the experimental prototype of Dante: Explainingits knowledge-

driven annotation pipeline – particularly by discussing the role of the WAfA

ontology, and then presents different transformation techniques that are used to

transform Web pages.

Chapter 6 Explains the procedure used for the user evaluation to evaluate Dante’s ap-

proach, describes how the data is used, and presents the results of the evaluation.

Chapter 7 Reviews the work presented and the extent to which the statedobjectives

have been met. The significance of the major results is summarised, outstanding

issues are discussed and directions for future work are suggested.



Chapter 2

Literature Review

This chapter reviews the published literature related to Web accessibility. The aim is

to demonstrate why accessing and using Web content is a difficult task for visually

impaired users, and what has been done in the Web accessibility field to improve this.

Visually impaired people use assistive technologies to access the Web. These tech-

nologies work satisfactorily as long as the page is designedwell. However, this is

not the case for many pages. Accessibility guidelines are proposed to promote Web

accessibility but as recent surveys demonstrate [3], few designers follow them. There

are also tools to automatically validate or repair Web pagesagainst these guidelines,

but since certain aspects of the evaluation process are subjective, the supported auto-

mated evaluation is limited. Similarly, there are also tools to transform Web pages into

a more accessible form for visually impaired users; howevermost of these tools lack

understanding of visually impaired users’ interaction with Web pages and their require-

ments. In order to address such user requirement issues, audio interaction is compared

to visual interaction. Finally, in the Semantic Web vision,assistive technologies can

also be considered as agents that need to automatically interpret Web pages. Therefore,

the current Web accessibility work in this field is discussed. This chapter concludes by

summarising the findings of this review.

2.1 Alternative Web Browsing

Visually impaired users access Web pages by using assistivetechnologies that produce

speech output and support keyboard interaction. These include screen readers and

browsers specialised in audio interaction. Different assistive technologies will render

different environments for the same page. They all support different functionalities

22
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that are important parts of the overall environment that users interact with.

2.1.1 Screen Readers

These are software applications that vocalise the onscreendata from the top left corner

to the bottom right, line by line, one word at a time [87]. Theyare typically used with

conventional Internet browsers such as Internet Explorer (IE)1. Formerly, conventional

browsers generated the visual rendering and then the screenreader used this to present

the page in audio. Although the potential functionalities of these conventional browsers

could be accessed, full interaction with the underlying source code (e.g., HTML) was

lost. For example, they could not recognise and differentiate HTML elements such as

tables, headings or frames. Nowadays, most screen readers provide audio rendering di-

rectly from the HTML source code, for example, JAWS5.02 uses the Microsoft Active

Accessibility (MSAA)3 technology with IE. While this can be seen as an improvement

on traditional screen readers, it is still not a complete solution.

The current generation of screen readers work well as long asthe Web page is de-

signed linearly and marked-up properly to represent its logical structure rather than its

visual layout. However, nowadays Web pages are complex and nonlinear, a journal-

istic style of writing has been adopted [82] with the focus onvisual interaction [40].

The HTML source code, and hence the Document Object Model (DOM)4, usually rep-

resents the visual layout and the presentation of the page rather than its logical struc-

ture [97]. For instance, different typography is usually used to emphasise headings

instead of using appropriate HTML elements (H1. . .H6).

Current screen readers also support different functionalities to interact with the

logical structure of a Web page. Table 2.1 shows example screen readers and the

functionalities provided which are important for supporting travel and mobility within

a Web page and therefore between Web pages. These functionalities are grouped into

two: movement and list. Movement functionalities enable user to move in a Web

page by using specific kinds of objects, for example “table movement” helps users

to move from one table (explicitly marked up with the HTML Table tag) to another.

List functionalities provide a list of specific kinds of objects in a separate window,

for example “list frames” provides a list of headings that are explicitly marked up

1Seehttp://www.microsoft.com/windows/ie.
2Seehttp://www.hj.com.
3MSAA is a technology that provides a standard mechanism for exchanging information between

applications and assistive technologies (seehttp://www.microsoft.com/enable/).
4Seehttp://www.w3.org/DOM/.
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Functionalities Jaws5.0 Windows-Eyes4.5a lookOUT4.0b Halc

Movement functionalities: enable users to move from one object to another.

Character movement
√ √ √ √

Word movement
√ √ √ √

Sentence movement
√ √

Line movement
√ √ √

Paragraph movement
√ √

Link movement
√ √ √ √

Heading movement
√ √

List movement √ √

Element movement √

Frame movement √ √

Form movement
√ √

Table movement
√ √

Row movement
√ √

Column movement
√ √

Cell movement
√ √

List functionalities: list only specific objects in a separate window.

List links
√ √

List headings
√ √

List frames
√ √

aSeehttp://www.gwmicro.com/.
bSeehttp://www.screenreader.co.uk/.
cSeehttp://www.dolphinuk.co.uk/.

Table 2.1: Screen readers.

with the HTML heading tags (H1-H6). However, not all screen readers support these

functionalities. Moreover, their efficiency and effectiveness are highly dependent on

the quality of the underlying markup.

The home page of Amazon5 is a good example (see Figure 2.1). The page is vi-

sually quite well organised: the navigation links are separated from the main content

by using sidebars, distinctive colours are used in the header, etc. However with the

audio rendering (see Figure 2.2) provided by a screen reader, it is difficult to under-

stand the content, to orientate yourself in the page and to get an overview of the page.

Moreover, the page is quite long and has a number of visually distinctive sections, but

when a screen reader user requests the “list of headings” in the page (see Table 2.1),

the response given by a screen reader is “there are no headings in this page”. This is

a misleading information but since the page is not marked-upproperly, screen readers

cannot access the headings. Therefore, even though screen readers support travel and

mobility functionalities, pages themselves do not.

5Seehttp://www.amazon.com/.
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Figure 2.1: The home page of Amazon (20/06/2004).

This page has 196 links image map link ref=topnav sb gateway/102-
1145037-0464903 image map link ref=cmwl topnavgateway/102-1145037-
0464903?type=wishlist image map link ref=topwl. . .

Figure 2.2: The home page of Amazon in audio (20/06/2004).

Several studies have also highlighted the ineffectivenessof screen readers for nav-

igating and browsing the Web [39]. The main issues can be highlighted as follows:

• Screen readers focus on sensory translation (direct translation to audio) rather

than travel and mobility.

• The effectiveness of functionalities supported by screen readers (see Table 2.1)

are highly dependent on the design of the page. If the page is not well-structured

and marked up, they can provide misleading information.

• They produce superficial information about a page; layout which is often a key

for understanding the content of the page, style, font, or nature of information is

lost.

• They do not adequately convey the logical structure and semantics of the content,

nor do they provide users easy ways to select which parts of a page to listen to.

2.1.2 Specialised Browsers

These are browsers that are specialised in providing audio output. As opposed to

screen readers which need to be used with a conventional browser to access the Web,
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these browsers can be used as stand alone audio browsers. IBMHome Page Reader

(HPR) [8], pwWebSpeak6, BrookesTalk [128] and Emacspeak [98] are some of the

widely known specialised browsers. Compared to others, Emacspeak is not stand-

alone, but is a speech output interface to the Emacs text editor7. Therefore, Emacspeak

will always have the shortcoming of working only under Emacs.

These browsers all use HTML source code to render the page in audio, for exam-

ple Emacspeak first generates the DOM representation of the page and then renders the

page based on that model. These browsers also provide different functionalities specif-

ically to interact with the structure of the page. For example, HPR provides ten reading

modes including table navigation mode, frame navigation mode, items reading mode,

etc. Although these reading modes can reduce the number of key combinations and

simplify the command language, they can also be confusing because the user always

needs to maintain a mode.

HPR and pwWebSpeak also address issues concerning orientation and provide

functionalities to support it. They both provide functionsto get information about

the position in the page, but present different information. HPR provides information

about the current object such as its physical location (e.g., at 29% of the page). How-

ever, for such information to be useful, the user needs to have a good understanding

of the overall physical layout of the page. Therefore, thereis a danger that the pro-

vided information can confuse the readers rather than improve their spatial orientation.

pwWebSpeak only provides the element number of the active item, for instance if the

user is currently reading the logo and requests the cursor position, then pwWebSpeak

gives the position as ‘at element 20 over 126’. The given information is at an ab-

stract level and far from enabling the user to understand his(her) position on the page.

Moreover, they do not present an abstract view of the logicalstructure of the page.

Compared to other specialised browsers, BrookesTalk mainly focuses on sum-

marising pages and facilitating Web searching and browsing. BrookesTalk uses Natural

Language Processing (NLP) text summarisation and abstraction techniques to facili-

tate audio browsing [128]. BrookesTalk also provides a summary of the page which

includes title, number of words, links, headings, images, extracted keywords and meta

keywords. While the summary is crucial for getting an overview of the page, it does

not include information about the layout, spatial organisation and visual cues that are

also important for travel and mobility.

6Seehttp://www.soundlinks.com/pwgen.htm.
7Seehttp://www.emacs.org/.
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Besides these well-known audio browsers, there are also other audio browsers

where the focused users are not visually impaired. For example, HearSay has a dif-

ferent approach compared to other audio browsers discussedhere because it performs

structural and semantic analysis of HTML documents and automatically creates Voice

Extensible Markup Language (voiceXML)8 dialogs [96]. HearSay also does not sup-

port keyboard interaction, and accepts commands in audio. Although, HearSay com-

bines a number of novel approaches, it is still a prototype and user evaluations demon-

strate that it requires a lot of improvement.

As a summary, these browsers render Web pages by directly examining the under-

lying HTML source code. This used to be an advantage over traditional screen readers,

but nowadays most screen readers also render pages with this. Therefore, some of the

issues stated for screen readers are also valid for these specialised browsers as well and

some specific issues can be summarised as follows:

• They do not provide as many features as conventional Web browsers and tend to

be behind the current state of the art.

• They can have problems in handling complex HTML structures such as tables

and frames.

• They often do not provide information about the layout, structure and spatial

organisation of the page which are crucial for travel and mobility.

• The issue of being “specialised” requires extra effort fromthe user to learn and

use a new tool in order to access the Web.

• Although, some (e.g., HPR) implement most of the ‘user agents’ guidelines from

W3C [49], the focus is still on sensory translation.

2.2 Audio Versus Visual Web Navigation

Compared to visual interaction, audio interaction with Webpages is more difficult.

One of the main reasons is that Web pages are primarily designed for visual interaction

and the assitive technologies discussed above try to renderthem in audio. But there

are fundamental differences between audio and visual interaction which are discussed

here in detail. Knowing the differences is important for designing better Web pages,

assistive technologies or intermediate tools for visuallyimpaired users.

8Seehttp://www.w3.org/TR/voicexml20/.
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Persistent versus TransientThe visual rendering of Web pages ispersistent, the

screen acts as an external memory, as opposed to audio rendering which istransient.

In visual interaction, the user can shift the focus of attention rapidly. The monitor is

a two-dimensional medium that combines persistence (look at it after as long as you

please) with selective updating (interact with a screen without changing the rest of the

screen) [85]. Thus the screen acts as a form of external memory and the amount of

information which has to be stored in the user’s own memory iskept to minimum.

However, in auditory rendering, the user is forced to hold the necessary information

in memory [93]. Therefore, the number of items presented in audio has to be kept

minimum.

Serial versus ParallelCompared to visual rendering, audio is less focused, and

more serial and linear in nature; the user cannot easily and quickly shift the focus

or skip the irrelevant material; accessing could be random as well as serial. Visual

rendering is not parallel but sighted users have good control of their sight and can

switch focus between areas quickly and easily. The combination of catching attention

and shifting focus means that we can process visual information almost inparallel. The

serial nature of audio scanning provides a drastic contrastto visual scanning. Visual

presentation relies on layout for presentation, whereas audio relies on the sequence of

presentation [84, 94]. Therefore, in audio linearised material can be read more easily

than multi-dimensional material such as tables.

Structure Audio presentation is not as rich as visual presentation. Users cannot

pick out important information or createconnectionsbetween separate data [85]. The

structureof the document (e.g., proximity, grouping of the objects) and the included

visual cues (e.g., typography; font size,) play a crucial role in understanding the content

of the document [119]. They provide implicit supplementaryinformation about the

content so when the same document is rendered in audio, the implicit information

encoded in the structure and visual presentation of the pageis lost. Therefore, it is

crucial to encode the same information in the underlying source code of the document

so that it can be presented in alternative ways in audio.

Active versus PassiveIn audio presentation, the users do notactivelysearch for

a target, but rather they must wait and try to ambush it. The lack of flexible con-

trol can impose a greater load on working memory as unwanted interpolated material

intervenes between candidate selections and the users’ final choice. The navigation

functionalities also tend to be limited in the auditory presentations so the limited func-

tionalities have negative implications; users becomepassivelisteners rather thanactive
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readers [103]. For example, it is demonstrated that alphabetical lists are not better than

random lists, as users cannot easily jump to a random point orskip some items in the

list whereas sighted users can. Therefore, it is important that the user has control over

the information flow [94].

Random versus SerialIn visual presentation, the content of the page can be ac-

cessedrandomlyas well asserially, whereas in audio rendering content tends to be

accessed serially, typically from top to bottom [84, 94]. Therefore, it is important that

significant information is located at the top so that it is accessed first in the audio pre-

sentation. Whereas in visual presentation, the visual distinctiveness of the significant

information is more important than its location.

Amount of Information Finally, the other two important issues are theamountof

information and thetime taken to process the information. Spoken options will take

longer to process than the written options. The amount of information that can be

accessed at once in audio rendering is much less compared to visual rendering due to

the bandwidth difference between the visual and auditory channel [94]. Therefore, the

amount of information presented in audio must be carefully chosen.

These differences are important for understanding how visually impaired users ac-

cess Web pages and what needs to be considered in order to support audio navigation

and movement in Web pages. Particularly, these differencesare addressed when Dante

transforms Web pages to provide better audio interaction for visually impaired users.

2.3 Web Accessibility Guidelines

The difficulties that visually impaired people have accessing the Web are not only

because of technological advances, but also because of the inappropriately designed

Web pages. The World Wide Web Consortium (W3C) recognises these difficulties and

provides guidelines to promote accessibility. There are also other organisations that

provide accessibility guidelines, including The Royal National Institute for the Blind

(RNIB) and The American Foundation for the Blind (AFB) (see Table 2.2).

While these organisations highlight some of the important accessibility issues, the

W3C accessibility guidelines are more complete and cover key points of all the others.

Moreover, the W3C not only provides guidelines for creatingaccessible content [27],

but also provides guidelines for user agents9 and authoring tools10.

9An application that retrieves and renders Web content [49].
10An application that is used for creating Web content [110].
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Organisation & Guidelines Website
WAI Guidelines http://www.w3.org/WAI/
Section 508 Guidelines http://www.section508.gov/
RNIB Guidelines http://www.rnib.org.uk/
AFB Guidelines http://www.afb.org/
Macromedia and Accessibility http://www.macromedia.com/
DRC Report http://www.drc-gb.org/
Nielsen Norman Group Reporthttp://www.nngroup.com/
Dive into Accessibility http://www.diveintoaccessibility.org/
IBM guidelines http://www-306.ibm.com/able/guidelines/
Nova Report http://www.cerlim.ac.uk/projects/

Table 2.2: Web accessibility guidelines.

No. Guideline
Theme 1: Ensuring graceful transformation

1. Provide equivalent alternatives to auditory and visual content.
2. Do not rely on colour alone.
3. Use markup and style sheets and do so properly.
4. Clarify natural language usage.
5. Create tables that transform gracefully.
6. Ensure that pages featuring new technologies transform gracefully.
7. Ensure user control of time-sensitive content changes.
8. Ensure direct accessibility of embedded user interfaces.
9. Design for device-independence.
10. Use interim solutions.
11. Use W3C technologies and guidelines.
Theme 2: Making content understandable and navigable

12. Provide context and orientation information.
13. Provide clear navigation mechanisms.
14. Ensure that documents are clear and simple.

Table 2.3: Summary of the Web Content Accessibility Guidelines (WCAG 1.0).
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The Web Content Accessibility Guidelines 1.0 (WCAG 1.0) describe how to make

accessible Web content and Web sites [27]. They are presented in two themes: grace-

ful transformation (of content, structure and presentation), and making content under-

standable and navigable (see Table 2.3). The specificationsprovide 14 guidelines, but

unfortunately only three of them are in the second theme; therest such as creating ta-

bles that transform gracefully, are oriented to support sensory translation of text content

to audio [46]. The Nielson Norman Group has also published guidelines to assist de-

signers to create accessible and usable Web pages [32]. Although these guidelines are

based on a series of usability tests of several different Websites, the guidelines them-

selves are not different from others. Lately, the Web Accessibility Initiative (WAI)

which is a W3C group is working on a new version of WCAG. However, this version

has yet to be completed and published11.

As the DRC report concludes, although the compliance with WCAG 1.0 is neces-

sary, it is not a sufficient condition for ensuring that sitesare practically accessible and

usable by disabled people [3]. The DRC report also provides anumber of recommen-

dations to improve the navigation and orientation issues addressed in WCAG1.0.

The User Agent Accessibility Guidelines 1.0 (UAAG 1.0) describe how to make

browsers and media players accessible [49]. The specification emphasises the impor-

tance of accessibility of the user interface, enabling the user to have access to the

content and helping the user to orientate. Similarly, the Authoring Tool Accessibility

Guidelines 1.0 (ATAG 1.0) provide key issues to assist in designing authoring tools

that produce accessible Web content and assist in creating an accessible authoring in-

terface [110]. Most of the guidelines in this specification focus on the creation of

standard and accessible markup, but they pay little attention to how authoring tools

can assist Web designers to create understandable and navigable Web pages (including

how to include different orientation mechanisms).

Although the overall vision of these guidelines is good, many designers rarely

follow them. According to the DRC report [3], most of the Web sites in their eval-

uation (81%) fail to satisfy the most basic WCAG 1.0 categories. Designers usually

view these guidelines as irrelevant, too restrictive or tootime-consuming to implement.

Moreover, as the DRC report [3] highlights designers have aninadequate understand-

ing of the needs of disabled users and how to create accessible websites. For example,

not many people consider the differences between audio and visual navigation of Web

11Seehttp://www.w3.org/TR/wcag2-req/.
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pages. Some studies also show that the application of the guidelines is subject to in-

terpretation; two designers applying the same set of guidelines to same set of pages

generate different results [63]. As a conclusion, althoughthe guidelines are useful,

they are only part of the overall process of supporting Web accessibility.

2.4 Tools to Support Web Accessibility

Numerous tools are available to help either Web developers to build better accessible

pages or end-users to modify pages to meet their needs12. They differ in several ways,

including functionalities (e.g. testing, fixing) and method of use (online service, desk-

top application integrated in authoring tools). They are grouped into three, depending

on the provided functionalities and supported user groups (e.g., end users or designers):

Evaluation, Repair, and Transformation tools.

2.4.1 Evaluation Tools

Evaluation tools13 analyse pages or sites against accessibility guidelines (see Ta-

ble 2.2) and return a report or a rating. They are important for Web accessibility as

they provide a medium for designers or authors to validate their pages against pub-

lished guidelines without actually reading and manually applying them [87]. While

these tools encourage markup that conforms to the specifications and guidelines, no

one except the Web page designer can really enforce it.

We will review some of the tools under two categories: accessibility evaluation

and HTML validation tools (see Table 2.414) [64]. The first validates pages against

guidelines and the second validates pages against the HTML specifications. Some re-

cent studies have concentrated on formally representing guidelines and checking pages

against these formal representations [113]. Although thisapproach can overcome the

subjectivity aspect of the guidelines, designers cannot beexpected to represent the

guidelines in a formal language that is crucial for this approach.

12Seehttp://www.w3.org/WAI/ER/existingtools.html for a list of available tools.
13They are also referred as validation tools.
14Seehttp://www.Webaim.org/techniques/articles/freetools/ for comparison

of some of these tools.
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Title Developer Website

Accessibility Evaluation Tools

Bobby Watchfire http://bobby.watchfire.com/

Lift Nielsen Norman Group http://www.usablenet.com/

AccessEnable RetroAccess http://www.retroaccess.com/

AccVerify HiSoftware http://www.hisoftware.com/access/

Cynthia Says ICDRI and HiSoftware http://www.cynthiasays.com/

Wave WebAIM http://www.wave.webaim.org/

PageScreamer Chruncy Technologies http://www.crunchy.com/tools/

Page (site) Valet Webthing http://valet.webthing.com/

Web Access Toolbar NILS http://www.nils.org.au/

AccMonitor online Hi-Software http://www.hisoftware.com/

Ask Alice SSB Technologies http://askalice.ssbtechnologies.com/

Coast Coast Software http://www.coast.com/

WeXACT Watchfire http://www.webxact.com/

TAW Sidar in Spanish http://www.tawdis.net/
Torquemada WebxTutti http://www.Webxtutti.it/testa en.htm

Dr Watson Addy http://watson.addy.com/

HTML Validation Tools

Dr HTML Imagiware http://www2.imagiware.com/RxHTML/

W3C CSS-Validator W3C http://validator.w3.org/

W3C CSS-Validator W3C http://jigsaw.w3.org/css-validator/

WDG HTML Validator WDG http://www.htmlhelp.com/tools

Weblint Weblint http://www.weblint.org/

Table 2.4: Evaluation tools.

Accessibility Evaluation Tools

Bobby and Lift are the most widely used accessibility evaluation tools (Table 2.4).

Bobby evaluates entire Web sites for accessibility and provides a report for each page.

Pages are validated against WCAG 1.0 [27] as well as Section 508 guidelines from the

Access Board of the U.S. Federal Government15. The returned reports tend to be large

and mostly consist of recommendations for manual checks. Inorder to fully understand

the reports, one needs to have a deep understanding of the relevant guidelines (see Ta-

ble 2.3). Three types of information are returned: (i) The list of automatically detected

accessibility errors (e.g., missing ALT text for images); (ii) The errors that cannot be

fully automatically checked and need further manual examination (e.g., making sure

that information is not only encoded in colours); (iii) The accessibility checks that re-

quire manual examination (e.g., checking that all link phrases make sense when read

out of context). Thus the effectiveness of Bobby is highly dependent on the developer’s

ability to understand and interpret the report. Moreover, similar to most of the other

15Seehttp://www.section508.gov/.
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automated evaluation tools, it cannot properly validate dynamic pages [105].

LIFT Online is a tool for testing Web pages against Section 508 and WCAG 1.0. It

reviews the site based on some rules derived from these guidelines. It provides several

features, for instance, rule prioritisation which allows users to prioritise or disable rules

used in a particular test. Checking that keywords are provided, images include ALT

text and image map links have textual version, are some examples for the rules applied

during a test. Although LIFT provides a report which is easier to understand compared

to the Bobby’s report, it does not provide the depth of the accessibility review that

Bobby provides.

There are also tools that simulate how a page is accessed by a screen reader user,

for example aDesigner [108]. aDesigner focuses on evaluating usability of pages as

opposed to validating them against guidelines. The usability issues addressed include

speed to reach target content, the effectiveness of skip-navigation links16, etc. The

analysis of these issues are then visualised to guide designers when reformulating their

pages. Even though aDesigner supports a more sophisticatedapproach compared to

others, designers still need to learn and use a separate toolto repair their pages.

HTML Validation Tools

These are tools to validate source code of Web pages against specifications17. The two

most widely used tools are the W3C HTML Validation and DoctorHTML.

The W3C HTML Validation service was introduced to validate Web pages against

one of the HTML specifications such as XHTML18. It also provides several reporting

characteristics that can be specified including showing theparsed DOM tree and the

outline of the current page.

Doctor HTML is a commercially available tool which can be used to analyse either

a single Web page or an entire Web site. It provides a variety of tests including a

document structure test which looks for unclosed HTML tags,and image syntax which

checks image commands for HEIGHT, WIDTH, ALT tags, etc. Somechecks are quite

important for accessibility, for instance, checking whether ALT tags exists.

16A link that is used within a page for skipping over groups of mostly repetitive navigation links or
constructs to get to the main content of the page.

17Seehttp://www.w3.org/MarkUp/.
18The Extensible HyperText Markup Language, seehttp://www.w3.org/TR/xhtml1/.
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Title Developer Website

Accessibility Repair Tools

AccRepair Hi-Software http://www.hisoftware.com/
A-Prompt SNOW http://aprompt.snow.utoronto.ca/
InFocus SSB Technologies http://www.ssbtechnologies.com/
LIFT for Dreamweaver Nielsen Norman Group http://www.usablenet.com/
LIFT for FrontPage Nielsen Norman Group http://www.usablenet.com/
PageScreamer Crunchy http://www.crunchy.com/tools/
HTML Repair Tools

Tidy Dave Raggett tidy.sourceforge.net/

Table 2.5: Repair tools.

Summary and Conclusions

The DRC report [3] states “the use of automated tools is only the first steps towards

accessibility”. WCAG also emphasises that such tools “cannot identify all accessibility

issues”. While the automated evaluation tools can be a quickreference to designers to

evaluate their pages, they have many limitations:

1. They cannot evaluate some of the important elements including the layout of the

information, the navigation structure, etc.

2. They cannot check pages against all the guidelines or checkpoints as some of

them require human judgement, in this case they can only give‘warnings’. For

example, they can check the existence of ALT text, but not themeaning or sig-

nificance of the provided ALT text. Therefore, these tools alone cannot verify

effective compliance to guidelines [3].

3. They cannot evaluate the appearance or content of graphics.

4. They can confirm that a page is compliant to guidelines but cannot guarantee

that it is easy to use [108]. For example, a text-only page is likely to get a high

ranking without actually considering the quality of the content [70].

2.4.2 Repair Tools

Repair tools also evaluate pages against accessibility guidelines or HTML specifica-

tions, but compared to evaluation tools, they try to fix the identified problems. Table 2.5

summarises a number of repair tools and here we discuss two examples: A-prompt and

Tidy.
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Accessibility Repair ToolsA-Prompt includes a validator that evaluates accessi-

bility of pages against WCAG 1.0. If A-prompt detects a problem it displays necessary

dialogs, and guides the user to fix the problem. For example, it displays a dialog box if

there is no title for a frame. It also allows a user to set the level of accessibility check

against the priorities provided by WCAG 1.0 and Section 508 guidelines.

HTML Repair Tools Tidy identifies and repairs HTML errors in pages. If it cannot

fix the problems automatically, it prints warnings for thoseproblems. It also offers ad-

vice on accessibility problems, such as suggesting the addition of a summary attribute

to table elements.

Similar to evaluation tools, repair tools also require human judgement and cannot

automate the entire process. They also have the same limitations that are specified for

evaluation tools.

2.4.3 Transformation Tools

Fundamentally, the evaluation and repair tools focus on assisting the authors to modify

or correct their pages. On the other hand, transformation tools focus on assisting Web

users. By using different techniques, these tools mainly transform pages into another

form to meet users’ needs19. There has been a number of studies on page transfor-

mations. Depending on the approach, we have grouped the available studies into six

which are discussed in the following sections.

Generating Text-Only Version

It is a common approach to maintain a text-only version of theoriginal site to support

accessibility. The three most widely known tools are: Betsie [81], Textualise [28] and

the LIFT Text Transcoder [111] (see Table 2.6). Betsie is designed to create an auto-

matic text only version of British Broadcasting Corporation’s (BBC) Website. Textu-

alise and the LIFT transcoders are commercially available.All three are server-side

applications and designed for supporting mainly Web site designers so that they can

easily create text-only versions of their Web sites. Textualise and LIFT transcoder also

require authors to provide some structural hints in order togenerate text-only versions.

Betsie has the shortcoming that it only works with the BBC’s Website.

As Lawton [109, Chapter 1] states “the issue of text only versions crosses into the

19This process is also referred asTranscoding (seehttp://www.w3.org/TR/annot/).
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idea of separate versus inclusive design”. When Web pages started to become a vi-

sual communication media, text-only versions were considered to be a good solution

for accessibility. Assistive technologies could not handle complex structures and with

text-only versions, designers were not constrained anymore. However, assistive tech-

nologies developed remarkably. Additionally, with recentdesign technologies (e.g.,

Cascading Style Sheets (CSS)20, Scalable Vector Graphics (SVG)21, etc.), pages can

be designed that are not only visually appealing, complex and dynamic but are also

accessible. Therefore, there should not be a need for alternative versions to support

accessibility any more.

The shortcomings of this approach can be summarised as follows:

• Text-only versions are not updated as frequently as the primary versions, so they

tend to be old and lack information or facilities compared tothe original page.

• Keeping two versions synchronised is not an easy task, even with the tools

discussed above. Duplicate effort could seriously tax human and machine re-

sources.

• Primary versions often lack even the most basic accessibility requirements.

20Seehttp://www.w3.org/Style/CSS/.
21Seehttp://www.w3.org/TR/SVG/.
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Tool Location Preferences Annotations Users Heuristics Automatic Layout Role Importance Chunking

Generating Text-Only Version

BETSIE [81] Server No No Designers No ? No No No No
Textualize [28] Server Yes Yes Designers No Yes No No No No
LIFT [111] Server Yes Yes Designers No Yes No No No No
Transforming based on user’s preferences

Gateway [20] Server Yes No VI No Yes No No No No
Transforming based on rules and heuristics
WAB [69] Proxy No No VI No Yes No No No No
[99] Client Yes No VI No Yes No No No No

Transforming based on external annotations

[9] Proxy No Yes VI No ? Yes Yes Yes No
[59] Proxy No Yes SSD ? ? Yes Yes Yes Yes
[60] Proxy No Yes SSD ? ? No No No No
SWAP [101] Server No Yes CDU No ? Yes Yes No No
Transforming for Small Screen Devices

Digestor [15] Proxy Yes No SSD No Yes No No No No
PowerBrowser [22] Proxy No No SSD Yes Yes Yes No No No
[24] Server Yes No SSD No Yes Yes Yes No Yes
[25] Server No No SSD Yes Yes Yes Yes No Yes
[127] Server No No SSD No Yes Yes No Yes Yes

Filtering Tools

Muffin [18] Proxy Yes No All No Yes No No No No
WebCleaner [4] Proxy Yes No All No Yes No No No No

VI– Visually impaired users.
SSD- Small screen device users.
CDU- Cognitively disabled users.
?– Is not fully supported.

Table 2.6: Transformation tools.
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Transforming Based on User’s Preferences

There are some transformation tools that adapt pages or parts of pages based on the

user’s preferences. This is an advantage over other tools asusers can specify how

they want toseeor read the page, and can easily direct the transformation process. The

Web Access Gateway [20] is an example of such a tool whereas Tablin is an example of

tools that transform complex structures, in this case tables [1] (see Table 2.6). Gateway

provides an HTML form into which user enters the Uniform Resource Locator (URL)

of the page to be processed along with transformation preferences. These preferences

include options regarding frames, tables, style and images. Fundamentally, Gateway

tries to serialise most of the HTML elements (e.g., frames) by inserting one after the

other, tables by linearising row by row, images by replacingthe graphic with the pro-

vided ALT text, and so on. Although Gateway performs serialisation on the server side,

similar serialisation techniques have already been implemented by currently available

assistive technologies on the client side.

Tablin transforms Tables. Tables are complex and importantstructures that are

commonly used for laying out Web pages [126]. In that sense Tablin can also be con-

sidered as a page transformation tool. Tablin has an online form into which users

can specify their preferences then it linearises tables according to these specified pref-

erences. This obviously requires prior knowledge regarding tables, but if the users

already know the structure, then the table can be read without linearising it. Moreover,

this linearisation eliminates the multi-dimensional nature of tables which supports nav-

igation and browsing [121].

Transforming Based on Heuristics

As opposed to tools that transform pages according to users’preferences, there are

tools that perform transformations based on a set of predefined heuristics or settings.

WAB [69], and [99] are examples. WAB is a proxy server that modifies pages accord-

ing to four heuristics which are: (i) adding the word ‘link’ before each link in the page;

(ii) adding a title list and a link list at the end of the page; (iii) adding two links refer-

ring to added lists at the top of the page; (iv) adding keywords such as ‘Checkbox’ or

‘Button’ before each of those form elements. Although thesemodifications were use-

ful when WAB was proposed, they are actually not needed and useful anymore. The

new generation assistive technologies already support these functionalities. However,

WAB is one of the early works on transformation and demonstrates the applicability
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of the transformations.

Richardset al. [99] propose an extension to Internet Explorer targeting for an

older population with low vision. The supported transformations include line spac-

ing, changing colours, enlarging banner text, etc. All these transformations can be

useful for screen magnification users but not for screen reader users. Moreover, most

of these adaptations are already supported by conventionalbrowsers.

Transforming Based on External Annotations

In a transformation context, annotation means computer understandable data associ-

ated to human understandable data [12]. There are some toolsthat perform transforma-

tions by using such kinds of annotations, for example, [9], [60] and [59]. Asakawaet

al. [9] present an approach to transform pages for visually impaired people, whereas, [59,

60] transform pages for small screen device users. Even though the requirements of

these two user groups are related, there are still major differences; one uses visual in-

teraction, the other is audio. Some other approaches also exist that focus on cognitively

disabled people22 [101]. This user group also have different requirements, for instance

a page is more accessible if a simple language or illustrations (or symbolic language)

are used.

Asakawaet al.[9] classify annotations into two: structural and commentary. Struc-

tural annotations are used to identify visually fragmentedgroupings, their roles and

importance. Commentary annotations are used to provide description regarding these

identified groupings. The notion of visually fragmented groupings is not defined prop-

erly, the only information given is that, the page is fragmented into groupings by using

various types of visual effects such as layout tables. They propose nine structural

roles: proper content, updated index, heading, footer, delete, advertisement, norole

and layout table. Seeman [101] also proposes a similar vocabulary. These roles form

a small, limited set of structural vocabulary which most of the time is not rich enough

to completely annotate the structural and navigational properties of a page. The WAfA

ontology covers a richer vocabulary that includes these as well. Asakawaet al. [9]

transform pages by presenting groupings in descending order of their importance. If

a role is not assigned to a group, the importance will be a default value which means

that groups will be placed in the middle of the page. Therefore, the transformation

may result in a more inaccessible page than before. Seeman [101] uses annotations to

provide a simplified text for the cognitively disabled userswith additional pictures and

22People who have problems in reading and comprehending text [27].
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schematic diagrams.

Hori et al. [59] also have a similar approach to [9], but uses an extendedvocab-

ulary for annotations. The extended vocabulary includes information about the client

capability, fidelity, alternatives, etc. These are important requirements for small screen

devices but are not needed in the context of visually impaired users.

Hori et al.[60] propose a very simple vocabulary for the annotations which include

only ‘keep’ (content should be preserved) and ‘remove’ statements. Although this can

be a cost-effective approach, keeping and removing contentis contextual; it mainly

depends on what the user wants to do.

All these approaches [9, 59, 60] use XML Path Language (XPath23) to refer to a

part of a page. Even though XPaths can allow them to talk aboutparts of a page, the

XPaths can easily become obsolete by site redesign, although, Abeet al. [5] suggest

that some form of XPaths are more robust than others. Moreover, since creating exter-

nal annotations can be an expensive process, Takagiet al.[107] present an algorithm to

overcome this. It tries to use existing annotations for a page on other pages on that site.

Although it is a promising approach, pages in that site need to be structured similarly

and different annotations are still required for differentsites.

Transforming for Small Screen Devices

Numerous approaches to adapting Web pages for small screen devices have been pro-

posed. These approaches mainly involve developing systemsthat can take an existing

Web page designed for the desktop, along with the characteristics of the target dis-

play device, and re-author the page through a series of transformations so that it can

be appropriately displayed on the device. They can also be useful and important for

visually impaired users because small screen device users also have a limited view of

pages. However, in general the requirements of these two user groups are different.

Adaptation systems for small screen devices need to consider the cost and availability

of the bandwidth, screen sizes, memory capability of devices, quality of images, etc.,

none of these requirements are important for visually impaired users.

Different techniques are proposed to adapt pages for small screen devices which

are discussed as follows:

Image Customisation The most simplistic approach is to reduce image and font sizes

so that the page can easily be displayed on such devices [15, 102, 116]. These cus-

tomisations are irrelevant to visually impaired users.

23Seehttp://www.w3.org/TR/xpath.
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Structural Customisation Some approaches use structural HTML elements such as

headings (H1-H6) to customise pages for these devices. [15,116] partition a page into

several pages and use headings (H1-H6) to create a table of contents with links to

these partitions. Indeed some screen readers already support a function to access only

headings in the page (see Table 2.1). [15, 21, 116] summarisepages by using the first

sentence of each paragraph (e.g., P tag) in a page. However, it is well known that pages

are not appropriately marked up and designers usually use visual elements to represent

headings and paragraphs.

Link Customisation Some summarisation techniques are introduced that focus onthe

links in the page. Buyukkoktenet al. [22] summarise pages by presenting only links.

The technique removes repeated links and presents them in different orders such as

in alphabetical order or according to ranks generated by their algorithm. It also tries

to present them hierarchically depending on the structure of the page. The simplified

version of this technique is commonly supported by most screen readers and link sum-

marisation features of screen readers can be extended with this technique.

Chunking There are some studies on automatically analysing HTML pages to iden-

tify coherent chunks of information (visual groupings) in the page where they are only

visually accessible [21, 24, 25, 127]. Although these techniques are important for auto-

mated processing, they mainly focus on certain types of pages with certain sets of rules.

They are not generic enough to apply to different types of pages; they work well with

small well-structured Web pages but generate almost unusable results for complex Web

pages. The identified chunks are then used in different ways:(i) [21, 25, 127] partition

pages based on the identified chunks and the target screen size; (ii) Yin et al.[127] pro-

pose an algorithm to assign ranks to these chunks and then reorder and display them

depending on these ranks; (iii) Buyukkoktenet al.[21] propose different techniques to

summarise identified chunks in order to provide a summary of the page which includes

displaying only first few sentences, extracting important keywords from these chunks

and displaying most important sentence in the chunks; (iv) Chenet al. [25] display

a thumbnail representation of the identified chunks and thenthe user can zoom in to

see the complete chunk. Apart from this, all other techniques can also be useful for

visually impaired users, but need to be reconsidered as theyall focus on the limitations

of these devices, for example, the amount of scrolling, identifying chunks that can

only fit into a certain size of page, etc. Furthermore, even though they simplify pages,
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the focus is still on visual interaction. For visually impaired users the requirements of

audio interaction need to be considered. Finally, none tries to understand the overall

structure of the page and different components that have different roles in supporting

user journeys. Although, Chenet al. [24] propose a function based object model, it

still does not provide a deep understanding of the page structure and how users use

these objects in a typical journey.

Although these approaches present different techniques which can be quite useful

for visually impaired users, the requirements of their focused user group is different

than our target user group [65]. Therefore, Dante adapts some of these techniques by

modifying them in order to provide better support for visually impaired users.

Filtering Web pages

As opposed to transformation tools, these do not focus on restructuring pages. Their

aim is to remove unnecessary information from the page. Muffin [18] and Web-

Cleaner [4] are widely known filtering tools. These tools areimportant as they can

easily remove elements from the page that cannot be handled properly by screen read-

ers such as Javascript, cookies, animations, advertisements, Java applets, etc. However,

as it is the case with text only pages, removing these elements does not guarantee an

accessible page nor generate a page that is easy to navigate and move around as this

can also depend on the page structure and layout.

Modifying Alternative Text (ALT)

Images are important components of visual presentation of Web pages. However, they

are inaccessible to visually impaired users unless an alternative text (ALT) is provided

for them. Since designers usually design pages with visual communication in mind,

they tend to ignore adding alternative text to images. To overcome this problem, a

number of techniques are proposed including ALTifier [114] and ALT-server [34]. Al-

tifier encodes a set of heuristics to guess missing ALT text for images. Even though

encoding heuristics can be useful, it is still very difficultto guess in which context the

image is used or why it is used (e.g., for decoration or information), etc. For example,

the same image can be used in different contexts which require different ALT text.

Even if all the images have ALT texts, this does not mean that the page is accessible.

Ensuring that images have ALT texts is only a partial solution.
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Summary

The extensive work reviewed in this section demonstrates the importance of transfor-

mation tools. It would be too idealistic to believe that designers will design a page

that will meet the requirements of different user groups. However, if designers create a

page that is properly marked up to represent its logical structure, these transformation

tools can modify pages to meet the user requirements. In the Web accessibility field,

these tools can be considered as intermediary tools that adapt pages in a way that they

can be easily accessed by assistive technologies. The main findings of the review can

be summarised as follows:

• Different studies demonstrate the effectiveness of transformation tools.

• Generating a text-only version without considering structural and navigational

properties of pages may not be the right solution for supporting Web accessibil-

ity.

• Filtering tools can be useful but removing unnecessary items from the page does

not guarantee an accessible page.

• Focusing on certain accessibility issues such as missing ALT text is important

but it is just a partial solution.

• The transformation work for small screen devices can be useful for visually im-

paired users as well but because of the different requirements they cannot be

applied as they are. They need to be changed and adapted for visually impaired

users.

• None of the transformation approaches tries to have a deep understanding of

the overall structure of Web pages, particularly the components that are used by

users to move around pages.

• Even though external annotations are expensive to create and maintain, they

proved to be effective for transformations.

2.4.4 Summary and Conclusions

We have reviewed evaluation, repair and transformation tools. Evaluation and repair

tools can help designers to ensure the accessibility of their pages and transformation
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tools enable end-users to modify pages in different ways. The main conclusions can

be summarised as follows:

• Automated evaluation and repair tools cannot identify and fix all accessibility is-

sues but they can be a quick reference to designers to validate their pages against

accessibility guidelines.

• Transformation tools are promising for adapting pages to meet user needs but

none of the available transformation tools try to understand how visually im-

paired users move around pages and what kind of objects they use or need to use

in order to easily move around. Similarly, available transformation tools do not

focus on understanding the logical structure of the page which is crucial for sup-

porting travel and mobility around the pages. They also ignore the fundamental

differences between audio and visual navigation.

2.5 Semantic Web and Accessibility

The Semantic Web, as articulated by Tim Berners-Leeet al. [14], is an extension of

the current Web in which the resources are well defined and explicitly interpretable

not only by humans, but also by automated agents. The automation of tasks such as

precise search, resource discovery, information filtering, etc. depends on migration of

data frommachine-readableto machine-understandableform. One possible way of

achieving this is to associate metadata (i.e., data describing content/functionality) to

Web resources. The W3C proposes a formal data model called the Resource Descrip-

tion Framework (RDF)24 for describing metadata. One mechanism for associating such

metadata is annotation [11]. However, automated tools cannot benefit from these anno-

tations unless they agree on the semantics (meaning) of the used language. In order to

do so, ontologies have been proposed which include machine-interpretable definitions

of basic concepts in a specific domain and relations among them [86]. They are also

known as controlled vocabularies and defined as “a shared specification of a conceptu-

alisation” [48]. Recently, an ontology language, OWL, has been standardised [76].

If we look at the Semantic Web from a Web accessibility point of view, assistive

technologies such as screen readers can also be considered as agents that need to un-

derstand and interpret Web pages. When visually impaired users read a Web page,

24RDF is a graph-based model for describing Internet resources such as Web pages in triples (see
http://www.w3.org/RDF/).
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they rely on the screen reader’s interpretation of the page.Therefore, screen readers

need to have a good understanding of the page, particularly its structure, in order to

appropriately present and support movement around the pages.

In the context of the Semantic Web, few studies have been undertaken on Web

accessibility. As part of the W3C Semantic Web activity25, the Evaluation and Repair

Language (EARL) is proposed [26]. EARL is an RDF based framework for recording

automatic or manual evaluation results. This language provides a means for expressing

accessibility evaluation results in a machine understandable form. Traditionally, icons

are used to demonstrate that the page conforms to a certain set of guidelines. Although

EARL is quite important to overcome the problem oficons for claims, it is still the

authors’ responsibility to fix all the identified problems.

The potential of Semantic Web technologies such as ontologies and annotation

techniques have not been exploited enough yet in the Web accessibility field. These

technologies have already proved their usefulness in a range of application domains

(e.g., [14]), which suggests that they can also be useful forWeb accessibility.

2.6 Summary and Conclusions

This chapter has reviewed the “Web accessibility” field. Themain conclusions of this

review are summarised here. Visually impaired people have difficulties accessing the

Web, either because of the inappropriately designed Web pages or the insufficiency of

currently available technologies. This lack of accessibility leads to poor mobility and

travel support for visually impaired users.

Screen readers or Specialised browsers are widely used by visually impaired users

to access the Web. For these access technologies to work properly, Web pages must

be appropriately designed and must be encoded in valid HTML that conforms to its

DTD (Document Type Definition) and various accessibility guidelines. The W3C Web

Accessibility Initiative and others recognise these difficulties and provide guidelines

to promote accessibility on the Web. Unfortunately, not many designers follow these

guidelines. Additionally, access technologies such as screen readers have focused on

supporting the sensory translation of visual content to audio rather than deeply affect-

ing travel and mobility on the Web.

While the approach of evaluation and repair tools is sensible, they cannot automati-

cally evaluate and repair some of the important issues for supporting Web accessibility

25Seehttp://www.w3.org/2001/sw/.



CHAPTER 2. LITERATURE REVIEW 47

(e.g., the layout of the information, the navigation structure, etc.). Therefore, the pro-

vided solutions are limited and partial.

Different techniques are proposed for transforming pages to improve accessibility

support. Although these are promising, none of them provides an understanding of

how visually impaired users navigate and move around pages.For example, none of

them considers the difference between audio and visual navigation which is important

for supporting nonvisual interaction. Moreover, they do not have a deep understanding

of the structures of Web pages and how users use or need to use such logical structure

to easily navigate around the pages. Without such understandings, the modifications

cannot be as effective as they should be. The following chapter presents our approach

to provide an understanding of how visually impaired users navigate around pages and

what kinds of objects they use or need to use to complete theirjourneys.

The Semantic Web is a promising field which is considered as anextension of the

current Web. Web accessibility has not been explored in thisfield which needs to

be considered from the beginning of this extension rather than being an afterthought.

Therefore, in the following chapters, a possible approach will be presented that uses

Semantic Web technologies to support Web accessibility.



Chapter 3

The Travel Analysis Framework

Although the existing work to promote Web accessibility is extensive, it lacks a sys-

tematic understanding of how visually impaired people movearound pages; what kinds

of objects they need or use; and what kind of spatial environment is easier for them to

journey through. In order to provide such understanding andimprove the accessibility

of the Web for visually impaired users, the notion of travel was introduced [53].

Users make journeys through the Web. Web travel encompassesthe tasks of ori-

entation and navigation, the environment and the purpose ofthe journey. The ease of

travel, its mobility, varies from page to page and site to site. Knowledge about travel

and mobility in the physical world gives a context for traveland mobility on the Web. A

model of travel was proposed to transfer and adapt real worldfindings to the Web [46].

For visually impaired users, in particular, mobility on theWeb is reduced; the objects

that support travel are inaccessible or missing altogether. These objects need to be pre-

sented in a way that they can fulfill their intended or implicit roles. The travel analysis

framework provides techniques to identify and classify these objects [125]. However

in order to capture such techniques in a framework, these objects and their character-

istics need to be identified in detail; which has meant extending the proposed model

of travel. The evaluation carried out has shown that this framework supports a sys-

tematic and consistent method for assessing travel upon theWeb. This travel analysis

framework provides the basis of Dante, for the support of travel upon the Web.

3.1 Travel and Mobility on the Web

The notion of travel and mobility on the Web is introduced to improve the accessibility

of Web pages for visually impaired and other users by drawingan analogy between

48
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travel in the virtual and the physical world [53]. Drawing parallels proved to be effec-

tive for improving interface usability of a virtual world [35]. In the context of travel,

real world mobility studies can provide insights of how visually impaired people travel.

For example, real world travel and mobility studies suggestthat there are differences

between how sighted and visually impaired people travel. Considering these differ-

ences can help to fully support visually impaired users’ journeys. Key differences

which are called mobility principles [53] include:

Information flow Sighted people usually ignore details when they navigate ina phys-

ical environment. They usually do not inspect each obstruction. However, as it

is not easy to assimilate complex information by non-visualmeans, they usually

use complex information less often than simple information.

Granularity Compared to sighted people, visually impaired people have limited pre-

view of coming objects. Therefore the use of some type of preview device is

important. Additionally, visually impaired travellers orient themselves more fre-

quently than sighted travellers do; they tend to break theirroute into a greater

number of more complex stages. They use explicitly more environmental cues

such as landmarks, paths, borders and boundaries.

Egocentricity Many visually impaired people tend to think of the real worldin ego-

centricmanner; the traveller associates journey, route and surveyknowledge to

themselves and not to the environment.

External memory and mental maps Visually impaired travellers have a tendency to

create exact maps, divided into smaller and more manageablesteps and with

many more landmark points. External memory is not efficiently used. Visually

impaired users rely less on external memory sources as they are usually not in

an appropriate form.

Regularity and familiarity of the environment Visually impaired people would nor-

mally travel unassisted in areas that were familiar to them.This can be consid-

ered as the issue of predictability.

Spatial awarenessPrevious visual experience may affect spatial awareness. Many

adventitiously visually impaired (had previous visual experience) people, are

better at decoding spatial information than many congenitally visually impaired

people. Spatial information is technically difficult to convey and rely on, even if

visually impaired users can assimilate it.
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In order to be able to adapt and transfer the findings and observations of real world

studies to the virtual Web world, such as the differences explained above, they have

to be captured in a model [46]. Therefore, a model of travel has been proposed. This

model consists of three components: objects (e.g., landmarks), actions (e.g., landmark

detection) and instruments (e.g., preview). Travellers navigate and orientate them-

selves by consulting memoryobjectsand detecting and identifying landmarks. Con-

sultation, detection and identification are accomplished through themobility instru-

mentsof in-journey guidance, previews, probes and feedbacks.In-journey guidanceis

asking for directions and referring to objects that supportexternal memory.Preview

is an activity to identify objects in the environment and predict destinations. Finally,

Probingis investigating the environment to choose the right objects to complete a task.

The model of travel aims to provide an understanding of how visually impaired

people travel in an environment. Our main goal is to build Dante based upon such an

understanding in order to provide better travel and mobility support for visually im-

paired users. However, before we can devise Dante, we need tocapture the model and

entire travel analysis process in a framework. Although Harper [53] has proposed a

mobility analysis framework, the focus is on providing a mobility rating which shows

the mobility support of the page being analysed. Fundamentally, this framework is

for identifying travel objects and registering them as cues, obstacles or ‘out-of-view’

objects. Cuesorientate and encourage onward navigation.Obstaclesobstruct the

progress of a traveller.Out-of-viewobjects are not obstacles because they do not inhibit

travel but they are not cues either because they do not facilitate travel until they come

into view. The aim of Harper’s framework is to identify obstacles and turn them into

cues to facilitate onward navigation and movement. In practice, this framework proved

to be inappropriate and insufficiently detailed to be the basis of a tool. Although it is a

useful start, we needed to create a new framework as Harper’sframework is originally

intended to be used by designers. It is ‘craft based’ and requires to be systematised.

This chapter explains the new framework; first the followingsection explains the model

of travel in detail and Section 3.3 then presents the framework.

3.2 Travel Objects

Travellers use environmental features or elements in orderto make a successful jour-

ney which are calledtravel objects[73, 88]. Travellers use landmarks and memory

objects to reassure themselves that they are safe to proceedand going the right way.
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Figure 3.1: Travel Objects.

Landmarks and memory are two main classes of travel objects,and these classes also

include sub-classes which are as follows [46]:

• Landmarks: Alert, information point, identification point, way pointand way

edge.

• Memory: Memory, alert, information point and identification point.

These classifications are dynamic and can overlap. An identification point is both a

landmark and a memory object. A landmark may be classified as an information point

and a way point on closer inspection. This classification depends on the context of

the travel. These travel objects are an important part of themodel of travel. Dante is

based on this model. Fundamentally, the encapsulated process extracts travel objects

from the environment in which travel takes place – a Web page.Therefore, before

we can extract them, we must identify such objects and specify their characteristics.

These have to be in detail and must reflect the key environmental features used by

travellers. The extensions to [46] have lead to three broad categories of travel objects:

(1) way points, (2) orientation and (3) travel assistants. These categories also include

sub-classes which are explained in the following sections.Figure 3.1 illustrates the

relationship between the categories and Table 3.1 presentsthese objects and examples

from the real and Web world.

3.2.1 Way Points

These are the points within a journey at which a decision may be made that directly fa-

cilitates onward movement. Below, we explain the sub-classes of way points, however

other classifications may also be considered as way points depending on the journey

undertaken:
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Role Real World Web
W

ay
P

oi
nt

s
Decision Points
(DP)

Junction, corridor intersections. Menu, check boxes, and
combo box.

Way Edge (WE) Wall, shorelines, hedges, fences,
cliffs, railroad tracks [73], edge of
lawns.

Colour boundaries, frame bor-
ders.

Navigation Points
(NP)

Streets, walkways, canals, rail-
road [73], corridors and some
examples specific to buildings:
stairs, escalators, elevators [88].

Hyperlinks, mail to, search
box.

Identification
Points (ID)

Building name, house number,
street name, campus entrance
identification, floor number.

Heading, title, URL, frame ti-
tle.

Alert (AL) Traffic lights, signs that iden-
tify hazards, bridges, stops, and
curves.

Progress bar, a search field
icon can change the colour and
appearance to indicate that the
search is in progress, display-
ing or animating an hour glass.

Attention (AT) Advertisements. Animation, advertisement,
banner.

Reference Points
(RP)

Big Ben, Precinct centre bridge
on Oxford road [88], sculptures,
structural or decorative elements,
information booths, and etc.

Logo, title banner, some aspect
of the style.

O
rientation

Location & Posi-
tion (LP)

“You are here” signs, signs that
show the current position, reassur-
ance signs on the motorway.

Hyperlink menus highlight
the active page, some sites
show the active page (e.g.,
home>products).

Direction (DR) Signs that show the direction to
cities, towns, signs with arrows.

Scrollbar direction, Back and
Forward button.

Distance (DS) Signs that show the distance to
cities or towns.

Scrollbar (distance from top &
bottom of the page).

Tr
av

el
A

ss
is

ta
nt

s

Information
Points (IP)

Information or help desk, police,
friends.

Search Box.

Travel Aid (TA) Map, tactile map, road list, floor
plan.

Site index, table of contents,
site map, outline.

Travel Memory
(TM)

Route plan, journey plan. Previously visited links change
colour, history list, bookmark.

Travel Support
(TS)

Guided tour, visually impaired in-
dividuals may learn new routes by
guiding them.

Guided tour.

Table 3.1: Travel objects and examples.

Decision Pointsare the choice points where alternative paths of travel are possible.

Travellers recall the direction they must travel to reach their destination and they

change their direction of travel if necessary [71].

Way Edgesare the environmental elements that are linear or continuous and act as
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boundaries between two areas [73]. During a journey, visually impaired travellers usu-

ally make explicit references to these elements in the environment [41].

Navigation Points provide a possible route and the traveller exercises some control

by choosing to follow or not to follow it. They can be considered as decision points in

wayfinding, but the traveller is not choosing from a set of options; the traveller needs

to decide to follow or not to follow it. They relate directly to thepathsthat are defined

as channels along which people potentially move [73].

Reference Points or Landmarksare some aspects of the environment that are unique

and memorable [73]. They are defined as the most salient cues in any environment [35]

and are conceptually and perceptually distinct locations [66].

Increased usage of landmarks or reference points is one of the strategies used by

visually impaired people to travel efficiently in their homes and communities [71].

Landmarks have to communicate some specific, identifiable features [89]. They may

be primarily physical objects, but they can be sounds, odours, temperature or tactual

stimuli [19, 71, 89].

Reference Point Componentsare directly related to the information points and are

defined as two or more stimuli that, when linked, allow a traveller to determine his or

her exact location [71]. A single reference point componentmight not be enough to

identify the exact position of the traveller. Whereas, whentwo or more reference point

components are linked, a traveller can determine his or her exact position. They are

common features which do not provide precise position. However, they might help in

determining one’s general position.

Identification Points are identification signs that are elementary state description of

a location and usually perceived when the destination is reached [88]. These points

identify an object, a place or a person in the space.

Identity is what makes one part of an environment distinguishable from another; it

is a characteristic that allows the traveller to differentiate parts of the environment [7].

Travellers can use identification points to validate their arrival at the destination (“this

is it”).

Attention These are the objects that attract traveller’s attention and may change the
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traveller’s focus. They may be used for observations that may lead to interesting dis-

coveries but yield most initiation control to the environment [74].

Alert These objects alert the traveller to a change in the environment or control of

the journey [46]. Like the attention objects, they also attract the traveller’s attention,

but they usually notify approaching action or danger.

3.2.2 Orientation Points

Orientation is defined as the knowledge of one’s direction and distance relative to

things observed or remembered in the surroundings and keeping track of these spatial

relationships as they change during locomotion [16, 19]. The concepts1 of position or

location, directionality and laterality are important cognitive components for orienta-

tion during mobility [71]. Moreover, as one moves towards a desired goal, establishing

orientation and maintaining orientation are critical components of successful travel.

The knowledge about orientation suggests that a person needs information about

location, distance and direction in order to be oriented in ajourney. Landmarks are

used to give a sense of location [62] and are defined as spatialanchors since they pro-

vide precise information about one’s location [71]. Landmarks are also important for

the orientation of visually impaired travellers [16].

Direction Directional information is essential to the navigator’s ability to remain ori-

ented within the environment [36, 73]. A sense of direction that is an ability to maintain

direction while moving, is usually equated with a sense of orientation [88]. Directional

information can be provided through the directional signs that designate direction to-

wards a place, an object or an event in form of a name, symbol orpictograph and an

arrow. They may also show which direction the traveller is moving along.

DistanceThe ability to make accurate distance estimations facilitates establishment

and maintenance of orientation [71]. Objects that provide distance information may

indicate distance from the traveller’s starting position or from the traveller’s destina-

tion. They may also show where one is with respect to nearby objects and the target

location.

1Concepts are defined as mental representations, images or ideas [71].
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Location or Position Landmarks provide implicit location or position information,

because different travellers may need varying amounts and type of information about

landmarks. However, there may be some objects in the environment which provide

location or position information explicitly. These location or position objects are di-

rectly related to reassurance signs and are defined as checkpoints which are used by

travellers to reassure themselves that they are on the righttrack [88].

3.2.3 Travel Assistants

Sighted or visually impaired travellers may all experienceproblems in orienting them-

selves from time to time in an unfamiliar or familiar environment. They use different

strategies for solving this problem including consulting amap; exploring the space sys-

tematically, either alone or with a guide; or following verbal or written directions [71].

Information Points By using these objects, a traveller can directly request informa-

tion. The traveller controls the type and amount of information requested and supplied,

so they are an active information supply [71].

Travellers can update their spatial information by interacting with other people

while travelling. This is one of the strategies used by travellers for re-orienting them-

selves [71]. A supportive environment can be thought of in terms of information points

at frequent and regular intervals. Particularly, information points may be important for

visually impaired travellers, since they compensate for not having access to distant

cues that are so useful to the sighted travellers [90].

Travel Aids provide an overview of the environment. They usually place the entire

environment within the traveller’s view. We refer to them aspassive information sup-

ply, because, unlike information points, the traveller does not control the type and

amount of information. They can also be considered as secondary sources, which can

be used for spatial knowledge acquisition. They may help travellers to determine their

position in the environment, their direction of travel, andthe relative position of other

objects or places in the environment [35].

Travel Memory holds information about where the traveller has been and provides

means to get back there. It can be considered as an external memory aid to supplement

internal memory [46].
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Travel Support A traveller may make a journey without controlling all the details

of the journey, that is to say, the traveller may not activelycontrol the journey under-

taken. Travellers may make a journey by actually being guided throughout. This could

be a strategy for travellers to learn the spatial relationships in an unfamiliar environ-

ment [35].

3.3 The Travel Analysis Framework

This framework is based on the model of travel. It aims to capture a systematic method

to discover objects and their roles as explained in the previous section. Fundamentally,

the framework is comprised of two stages:

1. Inspecting a Web page in order to create a travel object inventory;

2. Classifying each travel object in the inventory according to the role it plays in

the travel process.

In Dante, the implementation of these two stages form the basis of the annotation

and transformation components (see Figure 1.2 in Chapter 1). The following sections

explain these two stages in detail.

3.3.1 Identification of Travel Objects

If we look at the Web landscape from the real world travel perspective, travel objects

also exist in the Web landscape2 (see Table 3.1). For example, if we analyse the home

page of HSBC from the real world travel perspective (see Figure 3.2), we can identify

some of these objects. The logo at the top left corner acts as areference point; it is a

unique and memorable feature of the page. The colour boundary on the side is away

edge; it is used to separate the “side content” from the “main”. The heading “personal

banking” is used as anidentification pointand used to identify that part of the page. As

these examples demonstrate, the travel objects play an important role in the mobility

of the Web users. Since in the visually impaired users’ Web landscape these objects

are not presented appropriately, their mobility is reduced. Travel objects should be

presented in a way that they can fulfill their intended roles and ease travel on the Web.

In the first stage of the framework, Web pages are analysed to find out the provided

travel objects and create a travel object inventory. The aimof identification is to filter

2The Web landscape is defined as the combination of the page andthe agent (e.g., browser) [46].
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Figure 3.2: Example travel objects on the home page of HSBC (03/10/2004).

the page and find the objects that are useful in promoting the onward journey. These

objects are the regions or portions of the page i.e., an HTML element, collections of

elements or parts of elements depending on the rendering. Inorder to identify these

objects, a journey should be made from top to bottom by notingwhich parts of the page

(rendering or underlying code) are useful in promoting the onward journey. These then

become travel objects.

A set of guidelines are also developed for identifying objects. These guidelines

are established by investigating a large number of Web pages. The aim is to make

the identification process systematic and consistent. If the process is proved to be so,

the guidelines can form the basis of heuristics for travel object identification within an

automated process. These heuristics can also evolve throughout the application. The

guidelines are principally grouped into four. They are summarised as follows:

• Extracting travel objects from a pageThese are the fundamental strategies for

extracting travel objects, and the important aspects aboutthe environment and

travel objects. E.g.,

– A bird’s-eye viewof a page may help to spot visual groupings and draw a

sketch of the page. Then the sketch can be extended by zoomingin and out

from these groupings and by considering their relationships.

– GranularityA travel object may be atomic or composite (i.e., composed of

other travel objects).
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– Content or Context ChangeWhen a page is analysed linearly (from top

to bottom), any context or content change can be considered as a clue to

differentiate objects.

• HTML source codeSome details are hidden in the source code and some are in

the rendering, so it is important to inspect both. E.g.,

– An image mapWhen the rendering of a page is analysed, it may be difficult

to realise the image maps, whereby analysing source code mayhelp to

elucidate the details of the image maps.

– Layout tablesThe details of invisible layout tables can be obtained from

the source code. Sometimes groups of objects are located in acell of the

layout table, so it may help to check whether or not they can beconsidered

as a single travel object.

– Image with a linkIt might not be easy to recognise whether there is a link

on an image or not so it might help to check the source code.

• Using elements of a documentThe general knowledge about the structure of

a standard document can be used in finding out the travel objects (the role of a

part of a document can be considered). For example, sections, paragraphs, titles,

headings, bulleted or numbered lists are all different travel objects. Similarly,

the HTML elements can also be considered, for instance, links. E.g.,

– Sections and headingsThe heading and the content part (section) should

be considered separately because it is likely that they havedifferent roles

during a journey. The headings can be obtained by checking whether the

source code contains H1 through H6 tag set. However, this maynot be

enough because not all headings are explicitly specified by using this tag

set. Different typefaces may be used to indicate headings; thus it is impor-

tant to inspect both the rendering and the underlying sourcecode.

– Boundaries(e.g., line, colour and space) are used to visually divide infor-

mation or sections. For example, a line boundary can be created by using a

HR tag. Besides helping in recognising the context divisionin a page, they

may also be considered as travel objects.

– LinksAll the links on a page are candidates for being travel objects despite

the fact that they could be grouped together with other objects depending

on the context.
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– LogoIf an image or icon is used to identify that particular page, then it can

be considered as a travel object.

– Animations and Advertscan be considered as single objects as they usually

have different context.

• Neighbourhood objectsObjects that are grouped together to provide a common

function can be considered as a single travel object. E.g.,

– Functional dependencyIf the functionality of an object depends on anther

object then they can be considered as a single travel object.For instance,

the search capability in a page is usually provided by a search box, a ‘go’

button and a label. These three objects can be considered as asingle travel

object because the functionality of the ‘go’ button dependson the search

box and cannot be used on its own.

– Single destinationIf a group of objects (e.g., an image and a paragraph)

links to the same page, then that group can be considered as a single object.

– Common styleIf objects with different content are presented with the same

style (e.g., menu items), then it is likely that those objects form a composite

object.

– Interaction If the traveller needs to interact differently with consecutive

objects then they can be considered as different objects.

3.3.2 Classification of Travel objects

This second stage aims to classify the extracted travel objects. The main use of this

classification is to discover the roles of each travel objectin the inventory. Every travel

object has at least one role during a journey and depending onthe journey, it may

have more than one role or it may have different roles in different journeys. Since we

cannot consider all the different possible journeys, we only consider the possible roles

of travel objects in a general context.

The classification process consists of a series of questions(a questionnaire) that

have to be answered for every object in the created inventory(see Table A.1 in Ap-

pendix A). These questions aim to capture the definitions of the classifications of

travel objects (see Section 3.2 and Table 3.1). For example,a Travel memoryis de-

fined as “an object that holds information regarding where the traveller has been and
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Figure 3.3: The home page of Google Directory (12/03/2002).

provides means to get back”. Therefore, questions like “does this object show where

the traveller has been?”, “does it show previously visited places”, etc., are included.

The expected answers to the questionnaire areyesor no. This is to simplify the

process, make it systematic and have it in a form which is easyto automate. The

results are then evaluated to infer the possible roles of thetravel objects. The aim

of asking every question to every object is to try to decreasethe subjectivity of the

approach and to provide a systematic rationale to classification.

3.4 Evaluation of the Framework

The purpose of the evaluation was to test whether the framework can be used to analyse

the travel support offered within a Web page and used as a basis of a tool such as Dante.

Two evaluations were conducted: The first analysing the Google Directory page

and second the home page of the Royal National Institute of the Blind (RNIB) by

using the framework. The same process was followed in both evaluations and can be

summarised as follows:
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Figure 3.4: The home page of RNIB (12/06/2002).

Hypothesis If the users of the framework would be able to create a travel object inven-

tory, classify travel objects and the results should be consistent between users,

then we would be able to design a tool to support this framework.

Participants Twelve participants were used in the first evaluation (referred to as P1–

P12). All the participants were experienced Web and HTML users. They had

created at least one Web site before. In the second evaluation, six of the twelve

participants of the first evaluation were reused.

Materials In the first evaluation, twelve participants analysed the Google Directory

page (see Figure 3.3). This page was used because the design is simple, naviga-

tion based and provides many travel objects. We did not want to use a complex

page and confuse the participants, because they were not familiar with the notion

of travel and did not have experience in identifying travel objects. Moreover, it

is obvious that it was not designed with accessibility in mind.

In the second evaluation, six participants analysed the RNIB home page (see

Figure 3.4). Compared to the Google Directory page, this page has a linear

structure, it is more text-driven. While the design of this page is not as simple as

Google Directory, the main design focus of this page was providing accessibility.

Evaluation procedure The same procedure was followed in both evaluations. We
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first explained the problem domain, the goal of the frameworkand discussed

some accessibility issues with each participants. We also explained the notion of

travel on the Web and mobility. Then we asked them to apply theframework as

follows:

• Inspect the Web page to identify travel objects by using the provided guide-

lines;

• Answer the questionnaire to classify the identified travel objects.

After the participants completed these tasks, we asked thema set of questions

concerning the overall usability and efficiency of the framework. For example,

whether participants found the guidelines and examples useful, how easy they

found the overall framework, how difficult they found it to answer questions as

“yes” or “no”, etc., (see Table A.1 in Appendix A). These questions are rated on

a five point rating scale, 1=very difficult (not useful at all)and 5=very easy (very

useful).

3.4.1 Results and Discussion

Both evaluations were successful in demonstrating the applicability of the framework.

The participants were able to create inventories of the travel objects on both Web pages

and classify the travel objects in their inventories. The created travel object inventories

were highly consistent and were able to demonstrate that theencapsulated process in

the framework is systematic.

Table 3.2 shows the analysis results of the Google Directorypage of Figure 3.3.

Similarly, Table 3.3 shows the analysis results of the RNIB home page of Figure 3.4.

On average, each travel object on the Google Directory page (Figure 3.3) was extracted

by 84.8% of the participants and this average increased slightly in the analysis of RNIB

home page (Figure 3.4) to 88.8% (see Table 3.3). While most ofthe extracted travel

objects were common in the inventories of all the participants, there were also some

objects that were considered at a different granularity3. For example, although ten

participants considered logo (1) on the Google Directory page as a single travel object,

two participants considered parts of it (“Google” (1A) - “Directory” (1B)) in their

inventories rather than considering them as a single travelobject. Similarly, some

objects were considered as composite objects: the participants included both the entire

3These objects are indicated as A and B in Tables 3.2 and 3.3.
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object and parts of it in their inventories. For example, hotspots list (6) on the RNIB

page was identified by all the participants and two participants also considered a part

of it (6A) as well as the entire object in their inventories.

As can be seen from Tables 3.2 and 3.3, classifications of extracted travel objects

from both pages were also consistent. For example, line separator (7) on the Google

Directory page was identified and classified as a way edge by all participants. Par-

ticipants were also able to classify objects in more than onegroup, for instance, the

hotspots list (6) on the RNIB page was extracted by all participants. This object was

then classified as a decision and navigation point by all participants and as travel mem-

ory by three participants. In both analyses, participants failed to classify travel objects

as travel memory. This could be because they had to visit the links and then answer the

questionnaire, but they mostly answered the questionnairewithout following the links.

Generally, the classifications of the travel objects on the RNIB page (Figure 3.4)

were more consistent than the Google Directory page (Figure3.3). This could be

because participants became familiar with the questionnaire and the classifications, or

it could be because the role of travel objects were more precisely specified on this page

because the design focus was providing accessibility.

In both evaluations, some aspects were also investigated concerning the suitability

of the framework for automated and manual implementation. The following issues are

related to the automated implementation:

• Applicability of the guidelines In order to validate potential heuristics that can

be developed based on the guidelines, participants were asked if they have used

guidelines and how useful they found the guidelines. In bothevaluations, all

the participants followed the guidelines and on average they were rated as very

useful.

• Answering questionnaireIn the second part of the framework, the participants

successfully answered the questionnaire for every object in their inventories. The

expected answers wereyesor no, rather than on a scale of 1 to 5. This is aimed

to ease the automation. Participants indicated that they found this part of the

analysis easy.



C
H

A
P

T
E

R
3.

T
H

E
T

R
AV

E
L

A
N

A
LY

S
IS

F
R

A
M

E
W

O
R

K
6

4

Object Total DP† WE† NP† RP† RPC† LP† DR† DS† ID† AL † AT† IP† TA† TM † TS†
1 Logo 10 10∗ 2 3 5∗
1A “Google” 2 1 1 2 1
1B “Directory” 2 2 2
2 Main menu 12 12∗ 10∗ 3∗ 5 3 3
3 Line separator 5 5∗
4 Search box & go 11 8∗ 3 4 10∗
5 Help link 10 1 9∗ 2 4 1∗
6 Description 8 3 1 4∗ 5
7 Line separator 12 12∗
8 Categories table 12 11∗ 11∗ 4 1 3 2 1 3 3∗
8A Category title 4 1 4 2 2 2
8B Category list 3 2 3 2 2
9 Line separator 11 11∗
10 Footnote menu 12 10∗ 11∗ 1 3 1 2 3∗
11 Footnote 9 3∗ 6∗ 3∗ 2 6 ∗

Average 10.18 † See Table 3.1.
(except 1A-B,
8A-B)

84.8% ∗ Potential roles of the travel objects.

Table 3.2: Travel objects on the home page of Google Directory.
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Object Total DP† WE† NP† RP† RPC† LP† DR† DS† ID† AL † AT† IP† TA† TM † TS†
1 Logo & banner 5 ∗ 5∗ 2 1 1∗
1A Banner 1 1 1
1B Logo 1 1
2 Search box & go 6 3∗ 2 2 5∗
3 Features heading 6 4∗ 1 1 1 6∗
4 Feature list 6 5∗ 2 6∗ 1 2 3∗
4A Features sub-list 1 1 1 1 1
5 Hotspots heading 6 4∗ 1 1 1 6∗
6 Hotspots list 6 6∗ 2 6∗ 1 ∗ 3 3∗
6A Hotspots item 2 2 2
7 Directory heading 6 4∗ 1 1 1 6∗
8 Directory list 6 5∗ 1 6∗ 1 2 4∗
8A Directory sub-list 1 1 1 1 1
9 Site menu 3 3∗ 3∗ 3∗ 1 2 2
10 Site menu (text) 3 3∗ 3∗ 1 1 1∗
11 W3C approvals 5 3∗ 5∗ 4∗ 1
12 RNIB logo (small) 6 6∗ ∗ 2 2

Average 5.3 † See Table 3.1.
(except 1A-B, 4-6-8A) 88.8% ∗ Potential roles of the travel objects.

Table 3.3: Travel objects on the home page of RNIB.
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Participant Time (Google) Time (RNIB)
P1 2:30h 1:00h
P2 2:15h 1:15h
P3 2:10h 1:05h
P4 2:00h 1:15h
P5 1:30h
P6 1:10h
P7 2:15h 1:00h
P8 1:40h
P9 3:00h
P10 2:30h 2:00h
P11 2:45h
P12 3:00h

Average 2:13h 1:15h

Table 3.4: Time taken for analysing the Google Directory andthe RNIB page.

The following issues are discussed with regard to the manualimplementation of

the framework:

• Application time Although the exact time to apply the framework was not

recorded, each participant was asked to provide the approximate time that was

spent to complete the framework. Table 3.4 shows the approximate times to

complete the first and the second evaluation. As it can be seenfrom Table 3.4,

the participants spent significantly less time analysing the RNIB home page than

analysing the Google Directory page. The time difference between two anal-

yses suggests that, after an analyst analyses three or more pages, it will take

him(her) quite a short time to apply the framework. Additionally, some partici-

pants, for instance participant P2, indicated that the firstanalysis required a lot

more concentration than the second analysis because of being unfamiliar with

the framework and also with the concept of travel.

• Understanding travelWe asked participants to rate their understanding of travel

on the Web before and after the evaluations. This is important as a better under-

standing can lead analysts to do more accurate and efficient analysis. After the

first evaluation, ten participants stated that the framework improved their under-

standing of travel on the Web. Participants P9 and P11 statedthat the framework

did not change their understanding, however it has changed their point of view

regarding travel on the Web.

• Usability of the framework We asked participants questions concerning the
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difficulty of the overall framework and the two stages of the framework individ-

ually. After the first analysis, on average, the overall framework and the first

stage, were rated as easy, and the second stage was rated as moderate. After the

second analysis, on average, only the rating for the second stage was changed

from moderate to easy. This could be because of familiarity with the question-

naire in the second stage. These results suggest that, afterseveral analysis, it will

be very easy for users to apply the framework.

In both evaluations, although the participants did not havedifficulties classifying the

travel objects concerning the proposed classifications (see Table 3.1), the following

suggestions and feedback were provided:

• Participant P11 mentioned that location and position should not be considered in

the same class, because they suggest different granularity. For example; location

(I am in Manchester), position (I am at the phone box, outsidethe Precinct centre

in Oxford road in Manchester). In this context, some objectswere providing the

location information but not the position, so it was difficult to answer some of

the questions concerning this class.

• In the definition of direction, we only considered the movement direction in the

page (up, down, left, right), but some participants stated that it should include

the journey direction as well.

• Similar to direction, in the definition of distance, we only considered the distance

in a page, for instance, how far is the traveller from the bottom of the page. Some

participants indicated that the journey distance should also be considered (e.g.,

the number of links that a traveller should follow to reach the destination).

Consequently, we modified and extended the travel object classifications by addressing

these suggestions and feedbacks.

Finally, the following issues were also revealed from the evaluations:

• Importance of the framework The site menu (9) and site menu (text) (10) ob-

jects on the RNIB page (Figure 3.4) were important for the evaluation. Although

the site menu (9) object looks like a repetition of the site menu (text) object (10),

actually it is not; they have different roles in the page and the framework can

draw the distinction between them. The site menu (9) object is a way edge but

the site menu (text) (10) is not. Similarly, site menu (text)(10) object is a travel
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memory but the site menu (9) is not. One Participant commented that these

objects are good examples that illustrate the importance ofthe framework. Fur-

thermore, these objects also demonstrate what is missing intext-only browsers

and the way screen readers render a Web page.

• Environment Although the participants were informed that the environment is

composed of the underlying browser and the page itself, mostof the participants

did not identify the travel objects provided by the browser.This could be because

participants usually use the same browser and after a while they use the browser

instinctively, without considering the facilities provided by the browser. When

they access the Web, the only changing thing in their environment is the retrieved

page. Additionally, participant P11 stated that he (she) did not consider the

browser because it is the third party and difficult to change,modify or improve,

but we could try to change or improve the design of the Web pages.

As a conclusion, the hypothesis was confirmed. All participants were able to create an

inventory, classify objects in that inventory and the results were consistent between the

participants. All the issues discussed above also demonstrate that the framework can

be used as the basis of a tool.

3.5 Summary and Conclusions

In this chapter, first, the notion of travel and mobility on the Web has been intro-

duced. Then the travel analysis framework and its evaluation has been discussed. The

main goal of this framework is to identify travel objects to create an inventory and

classify them concerning their roles in a typical journey. The conducted evaluation

demonstrated that the framework is systematic and rigourous enough to be used as the

basis of our tool, Dante. The framework provides the groundwork for the foundational

components of Dante and provides the basis for the annotation and transformation

components (see Chapter 5).

Although the travel analysis framework provides techniques to identify travel ob-

jects and their roles, we still need to associate identified information with these objects

in order to make them accessible to tools such as Dante. One possible way of doing this

is annotating identified objects to make them and their rolesexplicit [51]. Such explicit

annotations can make these objects easily accessible to automated tools. However, in

order to do this we need to capture knowledge regarding theseobjects in a way that
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enables us to annotate them explicitly. A widely known way ofknowledge capturing is

creating “ontologies”. An ontology allows us to create a controlled vocabulary which

is computationally available. The following chapter explains our ontology, WAfA,

which is created for this purpose. Fundamentally, WAfA provides a vocabulary that

can be used to annotate pages to make identified objects explicitly available. Dante

can then use these annotations to transform pages into a formin which the objects can

play their intended roles.

Even though the model of travel provides an understanding ofthe requirements

of visually impaired travellers [46, 125], we still need to have a good understanding

of the environment itself. The combination of understanding of the user requirements

and the environment can enable us to provide better travel and accessibility support.

Although the travel analysis framework provides an understanding of how travel ob-

jects are used or needed to be used in a journey, we still lack the understanding of

the underlying structure of the environment– that is Web pages: What are the main

components or building blocks of Web pages, how do they relate to each other, what

is the relationship between how these objects are presentedand used and what is the

importance of contextual knowledge. Therefore, a part of WAfA explained in the next

chapter aims to answer these questions. In particular, a sub-ontology is created for

capturing knowledge about the structure of Web pages.



Chapter 4

The WAfA Ontology

The Web is a virtual environment through which people make journeys. Moving

around in such an environment requires knowledge and understanding of visual ob-

jects, their properties and purpose in that environment. The visual design of the Web

provides implicit knowledge that sighted people use to movearound; such knowledge

needs to be made explicit in order to be accessible when the visual design cannot be

seen. This chapter presents an ontology, the WAfA ontology,which aims to capture

parts of the knowledge regarding that environment in a manner that enables compu-

tational support for humans and technologies that cannot see the visual design. The

WAfA ontology mainly describes: structure (taxonomy of visual components that con-

stitute a Web page), structural abstraction (the relationships between components and

their connectivity) and meta-knowledge (principles and sets of rules).

Fundamentally, the WAfA ontology is composed of three sub-ontologies: author-

ing, mobility and contextual semantics. Authoring semantics define the structural

properties of Web pages, and similarly, mobility semanticsdefine the navigational

properties. Contextual semantics define concepts to encodethe context of a journey.

The main goal of this ontology is to drive the knowledge driven pipeline encoded in

Dante (see Chapter 5).

4.1 Motivation and the Purpose

The visual design of Web pages provide implicit knowledge that sighted people use to

move around. For example, the home page of the Royal Mail1 has a large number and

variety of spatial visual cues (e.g., font, colour, layout,tables, figure, changes in the

1Seehttp://www.royalmail.com/.

70
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background, highlighted areas, etc., see Figure 4.1). While these cues are mainly used

to create aesthetically pleasing environments and structures, they actually provide vi-

sual guidance to ease access to the environment [119]. However when we analyse the

HTML source code as screen readers do (e.g., Jaws), only images (IMG tag), anchor

tags (A tag) and tables (TABLE tag) can be detected. But if we carefully investigate the

source code, the designer actually provides significant information about these com-

ponents and the structure of the page in the comments, class and id attributes, file

names and alternative text provided for images. For example, in the source code of

Figure 4.1, there are comments such as “Header”, “Menu”, “Logo”, “Topnav”, etc.

However, since this kind of knowledge is not provided in acontrolledway, it is not

accessible to screen readers and to other user agents, unless they use natural language

processing techniques. Therefore, the encoded structuralknowledge needs to be pro-

vided in a form that is interpretable by user agents. Therefore, one part of the WAfA

ontology encodes concepts to describe the structural properties of Web pages.

If we further investigate Figure 4.1 and look at it from the travel perspective there

are a number of travel objects on this page. For example, the logo of the Royal Mail

can be considered as a unique and memorable feature of the environment [66] – a

landmark orreference point. Distinctive colours used for sidebars can be considered

as way edges; they are used to separate main content from the “side” content. We

need to make navigational as well as structural properties of Web pages explicit and

computationally accessible so that user agents can providebetter travel support. The

WAfA ontology is an evolving ontology for describing the foundational model of Web

pages; it is concerned with the representation of concepts and relationships necessary

for the modelling of the structural and navigational properties of Web pages. The main

purpose of this ontology is to drive the annotation pipelineencoded in Dante.

WAfA is regarded as foundational for two reasons: 1) the structural concepts and

relationships focus on providing basic components of Web pages and their relation-

ships rather than addressing a specific type of Web page [6]; and 2) the concepts refer

to vocabularies used in a number of domains such as hypermedia design [72], transcod-

ing 2 literature [24, 58], etc., and so are generalised to all these domains. The ontology

does not provide a model of the content of a Web page [10] but itaims to provide a

model of the structural and navigational organisation of a Web page. However, the

content and the structure are interlinked; the way a document is structured is based on

2Transcoding is the process of transforming the representation of the content into another format
(seehttp://www.research.ibm.com/networked data systems/transcoding/).
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Figure 4.1: The home page of Royal Mail (03/10/2004).

the content, and the way the document is structured affects how the reader reads and

comprehends the content [118]. As McKnightet al. [77] pointed out, readers tend to

processstructurefor retention tasks andmeaningfor comprehension tasks. Therefore,

our aim is neither to separate the structure from the contentnor to address the mean-

ing of the content, but to make the structural and navigational properties explicit and

computationally accessible.

4.2 The Design Process

There are a number of methodologies for designing ontologies [30, 42, 75, 92, 112].

These methodologies mainly include a set of stages that occur when building ontolo-

gies, guidelines and principles to assist designers, and a life-cycle to indicate the rela-

tionships between the stages. Methodologies broadly divide into those that are stage

based (e.g., TOVE [112]) and those that rely on iterative evolving prototypes (e.g.,

Methontology [42]). These methodologies are in fact complementary [30]. Figure 4.2
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Figure 4.2: The design process of the WAfA ontology.

depicts the approach used in designing the WAfA ontology. This approach, which is

based on the Methontology, has the following three stages:

Knowledge Acquisition is the process of acquiring domain knowledge from which

the ontology will be built. This is a support activity in Methontology. A large

part of the knowledge encoded in WAfA is extracted from the hypermedia au-

thoring literature [72], transcoding literature [24, 58],mark-up languages [115],

Web accessibility work [87, 109], voice interfaces [91], CSS cohort3, etc. The

analysis of existing Web pages (e.g., comments, id attributes, etc.) and the travel

analysis framework presented in the previous chapter also contributed to the on-

tology.

Knowledge Representationinvolvesconceptualisationandimplementationactivities.

Methontology defines these as the development activities.Conceptualisationis

the activity of identifying the key concepts, their properties and relationships.

Since we used existing literature to identify concepts, we used a bottom-up ap-

proach to build the ontology; we started with most specific concepts and grouped

3Seehttp://www.w3.org/Style/CSS/.
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them into categories. Theimplementationactivity is representing the conceptu-

alisation in a formal language. The ontology was implemented using OWL [76].

Throughout the implementation stage, we also focused on evaluating the techni-

cal correctness of the ontology (e.g., consistency, redundancy, etc.) [47].

Knowledge Deployment In this stage, the WAfA ontology is deployed in Dante. The

deployment process was important to evaluate and refine the ontology. For ex-

ample, when we started to annotate pages in Dante, some missing concepts were

identified so we turned back to the previous stages and added these concepts

to the ontology. The transformation part also helped us to identify some prob-

lems with the encoded hierarchy which we later augmented to better support the

transformation techniques encoded in Dante.

The overall process was iterative; a rough first version of the ontology was imple-

mented and then deployed in Dante. This highlighted some of the issues that needed

further investigation. Augmenting the ontology to addressthese issues helped us to

refine it. Then we continued applying the same process until the ontology was in a

satisfactory form to support the annotation and transformation processes encoded in

Dante. The iterative process was important to ensure that the ontology was evaluated

at every stage of the design and implementation processes.

4.3 The Implementation

Fundamentally, WAfA has the following three components4:

• TaxonomyConcepts are organised in a superclass-subclass hierarchy, which is

also known as a taxonomy. It provides specialisation and generalisation rela-

tionships between concepts which are introduced to enable the sharing of some

properties between concepts. This mainly provides the skeleton of the founda-

tional model (e.g.,Header is-a Chunk). Besides theis-a hierarchy,part-of

relationship also provides a part-whole hierarchy in the WAfA ontology. We

will discuss this in detail later.

• Structural abstractiondescribes the relationships of the concepts in the taxon-

omy (e.g.,Logo part-of Header).

4Different typographies used in this chapter have the following associations: Names of concepts
represented in the ontology are inCourier New font; relationships between concepts are in italics
enclosed by hyphens, e.g.,part-of.
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• Meta knowledgeprovides some principles about the overall model (e.g., Disjoint

(Header, Footer) which means an object cannot be a header and footer at the

same time).

Fundamentally, the ontology is organised as three sub-ontologies. Table 4.1 provides

an overview by presenting higher level concepts and the number of their children5.

Authoring Semantics Encapsulate information about how the components of a Web

page arestructuredand organised to form the overall structure. The concepts

in this part of the ontology are subsumed byAuthoringConcept. Addi-

tionally, the concepts subsumed byConnection, Coverage, Position,

Order andStructure are used to define theAuthoringConcepts (Sec-

tion 4.3.1);

Mobility Semantics Encapsulate knowledge about the travel objects from real world

mobility studies. This part of the ontology focuses on how the objects areusedin

a typical journey. Objects can have a journey role which depends on the context

of the travel task and can also have one or more environmentalroles depending

on the underlying environment. The concepts in this part of the ontology are

subsumed by theMobilityConcept (Section 4.3.2);

Contextual SemanticsA Web journey can take place in different contexts and con-

cepts in this group provide contextual knowledge about a journey such as the

purpose of the journey being undertaken, etc. The concepts in this part of the

ontology are subsumed by thePurpose concept (Section 4.3.3).

These sub-ontologies of the WAfA, particularly authoring and mobility semantics,

provide three levels of knowledge about the page itself which is illustrated in Fig-

ure 4.3. In the first and basic level, HTML and CSS is considered to provide knowl-

edge about the physical and presentational properties of the page components. In the

second level, some HTML elements and the authoring semantics provide information

about the logical structure of the page and in the last level,mobility semantics are used

to provide knowledge about the navigational properties. For example, in Figure 4.1,

object marked as 2, is an image in the HTML source code. By using our authoring

concepts, we can specify that object as aLogo which provides information about the

structural inventory of the page. Finally, with mobility concepts, we can represent that

5The complete ontology is available athttp://augmented.man.ac.uk/ontologies/
wafa.owl.
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Part of the
Ontology

Concept(Children of Thing) Example Children Total
Children

Object
1.Authoring AuthoringConcept
Semantics: Atom Logo, Headline,

Footnote.
43

Chunk Header, LinkMenu,
Section, Abstract.

42

Node Represent a Web page. 0
Collection Represent a Web site. 0

Defining
Authoring

Connection AssociativeConnection,
ReferentialConnection.

3

Semantics: Coverage Inter, Intra. 3
Position AssociativePoint,

CurrentPoint.
2

Order AlphabeticalOrder 5
Structure Hierarchy, Linear. 4

2.Mobility MobilityConcept
Semantics: EnvironmentalRole WayPoint,

TravelAssistant.
14

JourneyRole Obstacle, Cue,
OutOfView.

7

3.Context
Semantics:

Purpose ObjectPurpose,
TravellerPurpose.

14

Table 4.1: The overview of the WAfA ontology.

object as aReferencePointwhich provides implicit knowledge about the location

of the traveller (see Table 4.2 for more examples).

Although our ontology is chiefly an asserted superclass-subclass (is-a) hierarchy,

part-whole relationships also play an important role in therepresentation. Even though

OWL does not provide any special constructs for dealing withpart-whole relations, it

contains sufficient expressive power that allows us to represent part-whole relationship

in the WAfA ontology6.

The formal theory of part-whole relation is called “mereology”. Different part-

whole relationships are identified in the literature. Winstonet al.[117] differentiate six

types: (1) component-integral object (pedal-bike), (2) member-collection (ship-fleet),

(3) portion-mass (slice-pie), (4) stuff-object (steel-car), (5) feature-activity (playing-

shopping) and (6) place-area (Everglades-Florida). According to this classification, in

the WAfA ontology, we are representing component-integralobject relationship when

we talk aboutpart-of relationship. An integral object is defined a particular kind of

6See http://www.w3.org/2001/sw/BestPractices/OEP/SimplePartWhole/
index.html.
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Figure 4.3: Knowledge about a Web page.

whole which is divided into components. Winstonet al.[117] also define three relation

elements to define different types of part-whole relationships: functional, homeomer-

ous, and separable. Functional indicates that the part has afunction with respect to the

whole; homeomerous means that the part is identical to the other parts making up the

whole; and separable means that the part can be separated from the whole. Compo-

nent/integral object relation is defined as functional, nonhomeomerous and separable.

Therefore, in the WAfA ontology when we define “Logois-part-of Header” we mean

the logo has a specific function with respect to the whole, does not resemble other parts

of the header, and can be separated from the whole (Header). Some other representa-

tion details ofpart-of relationship are as follows:

Transitive property The part-whole relation is transitive and OWL allows us to spec-

ify that. For example, if A is part of B, and B is part of C, then Ais part of C.

For example, in Figure 4.1 at the top,Link labelled as “Send and receive mail”

is-part-of LinkMenu (3), andLinkMenu is-part-of Header (1), thenLink

labelled as “Send and receive mail”is-part-of Header. But we also need to

create restrictions about the direct parts of certain kindsof objects, therefore we

introducedis-direct-part-of property which is a sub-property of theis-part-of

and is not transitive. For example, if A is direct part of B andB is direct part of

C, then we cannot say that A is direct part of C.

Inverse property OWL supports inverse relations, so we definehas-partas the in-

verse ofis-part-of which is also transitive. Therefore, if we are talking about

linkmenu which is an instance of theLinkMenu class andheaderwhich is an
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Figure 4.4:part-of hierarchy vs.is-ahierarchy.

instance of theHeader class and if we know thatlinkmenu is-part-of header,

then we can say thatheaderhas-partlinkmenu. We also introducedhas-direct-

part property which is a sub-property of thehas-partand is not transitive.

is-a relationship vs. part-of Although both relationships generate hierarchies, it was

important to make the distinction clear. Figure 4.4 shows anexample hierar-

chy of both by using the objects identified on Figure 4.1. For example, in the

part-of hierarchy,LinkMenu is-part-of a Header and in theis-a hierarchy,

LinkMenu is-aNavigationalList.

The following sections present the three subontologies in detail. A description of early

work of this ontology can also be found in [122, 124].

4.3.1 Authoring Semantics for Conceptual Structuring

This sub-ontology aims to formalise the common understanding of a Web page struc-

ture. It defines a vocabulary that is already widely used within the Web commu-

nity to describe components of Web pages which is not formally explained and de-

fined [24, 58, 72, 87, 91, 109, 115]. When we analyse HTML source codes, apart

from the HTML elements, designers put a lot of knowledge about the structure in their

source code. But since structural elements in HTML (e.g., H1-H6) are not extensive

enough, such knowledge is not encoded in acontrolledway.
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HTML 7 is a mark-up language. Mark-up is conventionally divided into three

classes: presentational, structural and descriptive or semantic [29, 77]. With presenta-

tional mark-up, the visual form of the document is directly specified which controls the

output interpretation by output devices (e.g., PDF). Structural mark-up provides a set

of tags to represent the logical structure of a document (e.g., Latex8, DocBook [115]).

Descriptive mark-up considers a document as structured objects containing semanti-

cally interpretable parts (e.g., XML9). Since no directions regarding presentation are

included either with the structural and semantic mark-up, the interpretation of the

tags occurs entirely within the output system [77]. HTML is aStandard General-

ized Markup Language (SGML)10 application; it provides a fixed set of tags and was

originally designed to present the logical structure of thedocument11. However, its

element set is extended with a number of presentational elements. Therefore, HTML

mixes structural (e.g., H1. . .H6, P, TITLE elements) and presentational mark-up (e.g.,

B, I elements). Although XHTML12 and CSS13 are promising approaches to separate

presentation of the page from its content and logical structure, the available HTML

tags support the description of structures of limited complexity. Therefore, in order to

create complex structures, designers still continue to usepresentational tags to achieve

their design goal. Our authoring concepts can be consideredas extending existing

HTML elements or the vocabulary used for structural mark-up, to support better logi-

cal structuring of Web pages.

Fundamentally, the concepts in this part of the ontology refer to the basic con-

structs such as header, summary, abstract, footer, index, etc. According to McKnight

et al. [77], these generic structures would be seen as landmarks that provide readers

with information about where they are in a text, just as signposts, building and street

names aid navigation in physical environment. These constructs are also important

spatial cues that are not only important forreadingdocuments successfully but also for

supporting the notion ofusingthe text [118]. With these concepts, we aim to describe

the logical organisation of a Web page, by abstracting from the physical organisation.

The physical components of a Web page would be a set of images (IMG), links (A),

etc., but its logical components would be a header, a siteMap, etc.

7Seehttp://www.w3.org/TR/html4/.
8Seehttp://www.latex-project.org/.
9Seehttp://www.w3.org/XML/.

10Seehttp://www.w3.org/MarkUp/SGML/.
11Seehttp://www.w3.org/MarkUp/historical for more information.
12Seehttp://www.w3.org/TR/xhtml1/.
13Seehttp://www.w3.org/Style/CSS/.
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The upper level concepts of this part of the ontology, which are considered as basic

units of overall structural organisation are:Atom, Chunk, Node andCollection.

These concepts form the top-level categories of theis-a hierarchy. They also aim

to support easy integration of new ontologies to the WAfA ontology. They can be

considered as foundational concepts as in DOLCE [43] that can be used as a starting

point to extend this ontology. The definitions of these concepts along with their OWL

concrete abstract representation14 are as follows15:

Atom A coherent object that cannot be logically decomposed. Physically we might be

able to divide the object but the divided parts cannot be coherent and presented

on their own (e.g.,Link, Caption, Footnote, Logo, Advertisement,

etc.). For example, an advertisement can be a composition ofseveral images, but

in fact they all represent only one advertisement. In the literature, they are also

referred as basic objects [25].

Chunk Several objects grouped together to form a coherent unit (e.g.,Header,

Footer,Section,Abstract,LinkMenu,SiteMap, etc.). As pointed out

by Miller [78], chunkingis a quite natural way of presenting information and

such units are important to preserve the content integrality and ease the use and

recall of information. In the literature, they are also referred as fragments [58],

semantic textual units [21], blocks [25, 79], composite objects [24], units or

nodes [77].

Class(wafa:Chunk partialAuthoringConcept

intersectionOf(

restriction(wafa:has-direct-part

someValuesFrom(unionOf(wafa:Chunk wafa:Atom)))

restriction(wafa:has-direct-part

allValuesFrom(unionOf(wafa:Chunk wafa:Atom)))))

This represents that aChunk should have at least one part that is eitherChunk

or Atom and if it has a direct part then it has to be eitherChunk or Atom.

Node A composition of atom(s) and chunk(s) to form a meaningful group which we

use to represent a Web page.

14Seehttp://owl.man.ac.uk/2003/concrete/.
15The prefix “wafa” represents the URI of the WAfA ontology.
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Figure 4.5: Relationships between top-level concepts of Authoring Semantics.

Class(wafa:Node partialAuthoringConcept

intersectionOf(

restriction(wafa:has-direct-part

someValuesFrom(unionOf(wafa:Chunk wafa:Atom)))

restriction(wafa:has-direct-part

allValuesFrom(unionOf(wafa:Chunk wafa:Atom)))

restriction(wafa:has-titleallValuesFrom (wafa:Title))))

This represents that aNode should have at least one part that is eitherChunk

or Atom and if it has a direct part then it has to be eitherChunk or Atom.

Collection A collection of nodes, meant to represent a Web site.

Class(wafa:Collection partialAuthoringConcept

intersectionOf(

restriction(wafa:has-direct-part

someValuesFrom(unionOf(wafa:Node wafa:Collection)))

restriction(wafa:has-direct-part

allValuesFrom(unionOf(wafa:Node wafa:Collection)))))

This represents that aCollection should have at least one part that is either

Node or Collection and if it has a direct part then it has to be eitherNode

or Collection.

Figure 4.5 illustrates the relationships between these top-level concepts.has-direct-

part property enabled us to create restrictions about the directparts of these concepts.
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For example, aCollection (a site)has-direct-parta Node (a page) but it cannot

have aChunk as its direct part. However since we have thehas-parttransitive prop-

erty which is the parent property ofhas-direct-part, we can say that aCollection

has-partaNode, and aNode has-partaChunk therefore aCollection has-part

a Chunk. Based on these top-level concepts, some other example restrictions are as

follows:

(1) DisjointClasses(wafa:Chunk wafa:Atom)

(2) DisjointClasses(wafa:Chunk wafa:Node)

(3) DisjointClasses(wafa:Node wafa:Atom)

(4) DisjointClasses(wafa:Node wafa:Chunk)

(5) DisjointClasses(wafa:Node wafa:Collection)

(6) DisjointClasses(wafa:Chunk wafa:Collection)

(7) DisjointClasses(wafa:Atom wafa:Collection)

(8) ObjectProperty(wafa:has-parttransitive inverseOf(wafa:is-part-of))

(9) ObjectProperty(wafa:is-part-of transitive inverseOf(wafa:has-part))

(1-7) represents thatAtom, Chunk, Node andCollection are disjoint classes;

an object cannot be aChunk, Atom, Node andCollection at the same time. (4)

and (5) are used to describehas-partandis-part-of properties which are transitive16.

FAQ

NavigationalList

LinkMenu NavigationalBreadcrumbTrailDirectoryBookmark HistoryListTableOfContentToolbar Index

Chunk

List

DropDownLinkMenu LocationBreadcrumbPathBreadcrumb AttributeBreadcrumb

OrderedList

WebDirectorySiteMapShoppingCartFavourites

UnorderedList BreadcrumbTrail DefinitionList

SiteIndex

Figure 4.6: The specialisation of the concept “List”.

Another example concept from this part of the ontology is theList concept. We

particularly focus on functions and presentations of different kinds of lists and form

the is-a hierarchy in Figure 4.6. We also have anOrder concept which has sub-

concepts:AlphabeticalOrder, HierarchicalOrder, NumericalOrder,

16For detailed information, refer tohttp://www.w3.org/TR/owl-features/.
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SpatialOrder andTemporalOrder. These ordering concepts are used to pro-

vide knowledge about different kinds of lists we have (see Figure 4.6). Some class

definitions of the sub-concepts of thelist are as follows:

(1) Class(wafa:List partial wafa:Chunk)

(2) Class(wafa:LinkMenu partial wafa:NavigationalList)

(3) Class(wafa:NavigationalList partial wafa:List

restriction(wafa:has-partsomeValuesFrom(wafa:Link)))

(4) Class(wafa:SiteMap partial wafa:Directory)

IntersectionOf(

restriction(wafa:has-order

allValuesFrom(wafa:HierarchicalOrder)

restriction(wafa:supports-movement

allValuesFrom(wafa:CollectionWide)))))

(5) ObjectProperty(wafa:has-orderrange(wafa:Order))

(6) ObjectProperty(wafa:supports-movement)

(1) represents that aList is a kind ofChunk that has parts which can beAtom or

Chunk but notCollection (for the definition ofChunk, see Page 80). Similarly,

(2) represents that aLinkMenu is a kind ofNavigationalListwhich has at least

oneLink as its part represented with (3). (4) represents that aSiteMap is a kind of

Directory that has a hierarchical order and supports a collection widemovement

(e.g., a Web site). (5) and (6) are used to definehas-orderandsupports-movement

properties.

Some particular concepts in this part of the ontology are also explained by using the

home page of RoyalMail. Figure 4.1 highlights these objectsand Table 4.2 provides

documentation and hierarchical information. Descriptions of all of the concepts in this

part of the ontology can be found in Appendix B.

4.3.2 Mobility Semantics for Navigational Structuring

This part of the ontology holds information about thetravel objectsbased on the model

of travel. The travel objects are mainly grouped into three:way points, orientation

pointsand travel assistants. Objects might have a specific role in an environment,

referred to asEnvironmentRole, and based on the context, they might have another

journey role, referred to asJourneyRole in the ontology (see Table 4.3). Therefore,

besides the travel objects we also have concepts that are about the journey roles of the
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No Authoring Con-
cepts

Documentation is a kind of Mobility Concepts

1 Header Is printed at the top of a page and can include
a company logo, the page title, etc.

Chunk WayEdge

2 Logo An emblem or a device used to identify the
page or a site.

Special
Graphic

Reference
Point

3,4,8 LinkMenu A list of links meant to represent a menu. Navigational
List

Navigation
Point

5 SearchEngine Consists of a label, an edit box and a button.Chunk Information
Point

6 Breadcrumb
Trail

Representation of how and where information
is located within a Web site.

List Location &
Information
Point

10 PageTitle The title of a page. Title Identification
Point

7,22 Sidebar A short, auxiliary information that is usually
presented alongside the main content.

Chunk WayEdge

12 Heading Indicates what the part of the page below is
about.

Atom Identification
Point

13 Referential
Link

Provides a link between an item of information
and an elaboration of that information.

Link NavigationPoint

9,11,14,15
16,17,18,19

Chunk Several objects grouped together to form a co-
herent unit.

Authoring
Concept

WayPoint

23 Advertisement A chunk that is advertisement, usually ani-
mated and graphic.

Atom Attention

20 Footer Is printed at the bottom of a page and can in-
clude copyright information, a list of links, etc.

Chunk WayEdge

21 Copyright Is a note about the copyright and is positioned
at the bottom.

Footnote WayPoint

Table 4.2: Example travel objects on the home page of Royal Mail.

objects. An object can be either anObstacle or Cue. An Obstacle is an object

that directly or indirectly obstructs the progress of a traveller to a specific destination

and aCue is an object that orientates and encourages onward navigation [56]. The

journey role is context dependent, for example a graphic site map could be a cue to a

sighted user but it could be an obstacle to a visually impaired user.

4.3.3 Contextual Semantics

The concepts in this part of the ontology aim to encode contextual information about

a typical journey. Web users are people that have different skills, habits, motivations,

intelligence, intentions, etc., that they bring to the computer when using the Web. Its

highly possible that potential users will come from all walks of life and age groups [77].

Obviously, all these issues affect the experience of using the Web. We do not all

interact with the text in the same way. The five things that areimportant for the journey

experience are: (a) the current travel purpose, (b) the user, (c) the presentation form,

(d) the timeliness of access and feedback, and (d) the user agent.
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JourneyRole
Cue Orientates or encourages onward navigation.
Obstacle Obstructs the progress of a traveller to a specific destination.

NonExistObstruction The traveller is hindered in the completion of a successful journey because of a missing
object.

ExistObstruction The traveller is hindered in the completion of a successful journey because of existence
of an object.

OutOfView
OutOfRange Is below the current viewable area and the objects in the viewable area do not lead onto

or suggest the presence of such an object.
Invisible Is not in the appropriate format or the environment does not provide the appropriate

instrument to access them.

EnvironmentalRole
WayPoint

WayEdge Linear or continuous element that acts as a boundary betweentwo areas.
ReferencePoint A unique and memorable feature of the environment.
DecisionPoint A choice point where alternative paths of travel are possible.
IdentificationPoint Provides elementary state description of a location and is usually perceived when the

destination is reached.
Attention Attracts traveller’s attention and may change the traveller’s focus.
Alert An object that alerts the traveller to a change in the environment or control of the

journey.
NavigationPoint Provides a possible route and the traveller exercises some control by choosing to follow

or not to follow it.
OrientationPoint

ReferencePoint A unique and memorable feature of the environment.
Distance Provides distance information that may indicate distance from the traveller’s starting

position or from the traveller’s destination.
Direction Provides directional information that is essential to the navigator’s ability to remain

orientated within the environment.
Location Provides location or position information explicitly.

TravelAssistants
InformationPoint Is a medium from which a traveller can directly request of information.
TravelAid Provides an overview of the environment.
TravelSupport Supports a journey that a traveller is actually being guidedthroughout.
TravelMemory Holds information about where the traveller has been and provides means to get back

there.

Table 4.3: Mobility semantics.

This sub-ontology aims to address these issues, by particularly focusing on the pur-

pose; this could range from the travellers’ purpose (e.g., information seeking, survey-

ing, orientation, navigation, browsing, scanning, etc.) to the travel objects’ intended

purpose which is in fact the designers’ purpose (e.g., AidsNavigation, AidsOrienta-

tion). Section B.2 in Appendix B presents this sub-ontologyin detail.

One of the possible roles thatcontextual semanticscould fulfill would be to obtain

enough knowledge about the traveller’s purpose and to transform pages accordingly.

For example, if the traveller wants to scan a page, we could try to provide an overview

of the page or if he (she) wants to orientate himself (herself) in the environment (wants

to learn where he (she) is in the environment) we could provide objects that support

orientational information such as a title, logo, etc. Travel objects can also play different

roles in different contexts, for example, for a visually impaired user, a graphic can be an
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obstacle in the context of information searching but a cue inthe context of orientation.

The main problem with this contextual information is that itis difficult to obtain.

Typically, the traveller’s purpose is not explicitly specified (or well-defined) and also

the traveller can engage in many different purposes as (s)hetravels through the en-

vironment. Therefore, we are not currently using this part of the ontology in Dante.

However, in the future work, we are planning to incorporate it in the transformation

process which will enable us to address the user requirements better.

4.4 Summary and Conclusions

This chapter has introduced the WAfA ontology that aims to provide a vocabulary to

define navigational and structural properties of Web pages.One part of the ontology

encodes knowledge about the objects that support movement around Web pages (navi-

gational properties) and another part encapsulates a vocabulary that refers to hyperme-

dia authoring literature [72], transcoding literature [24, 58], mark-up languages [115],

Web accessibility work [87, 109], voice interfaces [91], CSS cohort17, etc. (structural

properties).

The main reason for creating this ontology is to encapsulatethe knowledge about

Web pages in a computationally available form. The ontologycan be used to make

properties of pages explicitly available to technologies that cannot see and access the

visual properties. The following chapter explains Dante which encodes a pipeline

approach driven by this ontology. The pipeline accepts Web pages, annotates visual

objects with the knowledge encoded in the ontology, and transforms pages accordingly

to enhance the mobility support for visually impaired users. The extensive knowledge

encoded in the ontology enables Dante to transform a Web pagein a way that the

visual objects on that page can play their intended roles in anon-visual presentation

(e.g., audio).

The WAfA ontology was designed for providing machinery support and plays a

central role in Dante. Therefore, apart from the technical evaluations such as de-

termining its consistency, completeness, redundancy [47], it would be insignificant

to evaluate WAfA on its own. In this thesis, the evaluation ofWAfA is done prag-

matically within Dante by assessing its competency to satisfy the requirements of the

knowledge-driven pipeline encoded in Dante. WAfA was iteratively and incrementally

implemented, deployed, and evaluated until it was in a satisfactory form to support

17Seehttp://www.w3.org/Style/CSS/.
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annotation and transformation processes in Dante. Hence itwas evaluated throughout

the entire process. The details of the technical evaluationcan be found in Chapter 6.

Although the main reason for creating this ontology is to improve the mobility of

visually impaired users around the Web, the WAfA ontology provides a foundational

model that can also be used in any other work that requires an understanding of the

Web environment. For example, it can be used as a vocabulary for a markup language

or for creating (or presenting) Web pages for small screen device users or as an aid for

understanding the meaning of the content of Web pages [125].



Chapter 5

Dante: Annotating and Transforming

Web Pages

This chapter presents Dante which is a semi-automated tool for the support of travel

and mobility for visually impaired Web users. The main goal of Dante is to identify

travel objects on the Web pages, discover their role(s), annotate them with the WAfA

ontology and transform pages accordingly to enhance the provided mobility support.

Dante uses a pipeline approach to perform the annotations. The aim is to make the

travel objects and their roles explicit. Although annotations make these objects ex-

plicit, the relationship(s) between them are still implicit. Therefore, an RDF Editor is

introduced to create relationship(s) between the annotated objects. Dante then uses the

annotations and their relationships to transform pages by using different techniques.

5.1 Dante Approach and its Architecture

Dante is built upon the Travel Analysis Framework presentedin Chapter 3. It is an

experimental prototype based on Mozilla1, which can be considered as a “proof of

concept” tool. It aims to demonstrate that if the structuraland navigational properties

of Web pages are made computationally available, a tool can then use such information

to transform pages in different ways which will provide better accessibility support for

visually impaired users.

The idea behind Dante is to analyse Web pages in order to extract travel objects

and annotate them with terms from the WAfA ontology. The annotations, which are

a way of associating knowledge encoded in the ontology with these objects, guide the

1seehttp://www.mozilla.org/.
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Figure 5.1: The basic architecture of Dante.

transformation of Web pages to enhance travel and mobility.For the transformations,

Semantic Web technologies are used. However, unlike other examples2 [51], a Web

page is not annotated to convey the meaning, but to support mobility and convey infor-

mation about the page itself including its structural and navigational properties. The

architecture of Dante is depicted in Figure 5.1 which can be summarised as follows3:

1. Identifying and extracting travel objects;

2. Discovering their roles – navigational and structural properties;

3. Annotating the extracted objects by using the WAfA ontology (3A) and creating

relationships between these annotations (3B);

4. Transforming the page with respect to these annotations and their relationship(s).

This knowledge-driven pipeline is implemented as a number of plug-ins (sidebars) to

Mozilla. Mozilla is not only a browser but provides a platform for building applica-

tions [17]. In order to develop Dante plug-ins, we used the following technologies

required by that platform: XUL (XML-based User-interface Language) to create the

2Seehttp://annotation.semanticweb.org.
3The list numbers below represent the components number indicated in Figure 5.1.
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structure and content of the user-interface, Javascript asa programming language to

create the functionality, CSS (Cascading Style Sheets) to create the look and feel, XP-

COM/XPConnect (Mozilla’s component object model) to access C/C++ libraries from

Javascript, XPInstall (Cross-Platform Install) to package the application to provide

easy installation on any platform, and Gecko which is Mozilla’s rendering engine to

access the DOM (Document Object Model) representation of a page.

Figure 5.2 shows how the home page of ACM, which is also used asan example

in Chapter 1, is transformed by Dante. This figure aims to provide an overview of the

Dante pipeline. The first stage is to analyse the page by usingthe Travel analysis frame-

work. In Figure 5.2 (1,2) objects such asLogo, Header, Heading, LinkMenu and

Chunk are identified which are Authoring semantics in WAfA. The figure (1,2) also

shows how these objects map to the Mobility semantics. The next stage in the pipeline

is the annotation of the identified objects. In order to do that the COHSE4 annotator is

used with the WAfA ontology (Figure 5.2, 3A). COHSE stores annotations externally

and then the transformation component uses these external annotations to do the trans-

formations. Even though the annotations make the travel objects explicitly available,

the relationship(s) between these objects is still missing. The Dante RDF Editor is

used to create such relationship(s) (Figure 5.2, 3B). For example, ahas-headingre-

lationship is created between the topChunk and the identifiedHeading object. In

the final stage, the Dante transformer uses the annotations performed by the COHSE

annotator and the relationships created by the RDF Editor tofragment the page into

several pages and create a table of contents to link these fragments (Figure 5.2, 4). The

following sections discuss the pipeline in detail.

4Conceptual Open Hypermedia Service (COHSE) (http://cohse.man.ac.uk).
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5.2 Annotating Web Pages

Semantic annotation is one of the core technologies for the Semantic Web. It is the

process of semantically enriching Web pages by adding metadata so that they are not

only understandable by humans but also by machines. Fundamentally, there are two

main Semantic annotation approaches: manual and automatic. Manual annotation ap-

proaches allow users to define annotations by hand. Automatic annotation approaches

focus on extracting annotations automatically by using different techniques such as

machine learning, natural language processing techniques, etc., [51]. We surveyed

annotation tools and techniques to find out if we can use an existing tool to do the an-

notations in Dante5. However, our survey revealed that most of the existing tools and

techniques focus on the annotation of the content rather than the structure of the pages.

Some tools are available to annotate pages when they are designed and created

(e.g., SMORE6). Although this is an important approach, there are a huge number of

existing Web pages, so being able to annotate them is crucial. Moreover, we wanted

to demonstrate the applicability of the Dante approach before creating pages automat-

ically annotated with the WAfA ontology. The OntoMat-Annotizer 7 is a tool that can

be used with existing pages but it injects the annotations tothe page. Since most of

the time, Dante would work with third party pages, it is important to be able to keep

annotations externally. Another project is Annotea8 which is a W3C project that al-

lows structured standoff RDF annotation of Web pages. RDF isa metadata framework

which has a simple structure. It has three main components: the subject, predicate and

object which make an RDF statement or triple. The Annotea project uses the RDF

framework to create statements about part of a page [67]. Forexample, with Annotea

a simple annotation can be created that points to this paragraph (assuming that it is an

HTML document and using XML Pointer Language (XPointer9) which says “I do not

understand what you are talking about!” (see Figure 5.3). Although Annotea provides

flexibility of addressing parts of a page, its main focus is ontext annotation and does

not have any link to ontologies. For the Dante approach, it was important to create

annotations that are somehowcontrolledby a vocabulary (i.e., the WAfA ontology) so

that the transformation component can access the annotations and transform pages.

COHSE supports ontology based annotation of Web pages [45].As opposed to

5Seehttp://annotation.semanticweb.org/tools for the list of annotation tools.
6Seehttp://owl.mindswap.org.
7SeeSeehttp://annotation.semanticweb.org/ontomat/.
8Seehttp://www.w3.org/2001/Annotea/.
9Seehttp://www.w3.org/TR/xptr/.
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Figure 5.3: Example RDF triples of an Annotea annotation.

some other tools, COHSE keeps annotations externally. The COHSE annotator also

uses XPointer expressions to identify a region of a documentand is based on two

services: anAnnotation servicewhich supports annotating resources and querying

existing annotations, and anOntology servicewhich supplies operations relating to

the content of an ontology (Figure 5.4). The COHSE annotatoris implemented as a

Mozilla sidebar which we used to do the annotations in Dante.It allows users to load

an ontology and Figure 5.5 shows a screenshot of the sidebar when the WAfA ontology

is loaded. Figure 5.6 and Table 5.1 show the objects identified on the home page of

Java. In order to annotate these objects with the COHSE annotator (Figure 5.5), the

process is as follows: First a part of the page is selected (1), then a concept is selected

from the list of concepts of the loaded ontology (2) and then pressing the “create” but-

ton adds the annotation to the specified Annotation service which is a database at the

back-end (3). The other components of Dante are mainly basedon the extended archi-

tecture of COHSE, particularly the Annotation service. This was one of the reasons

for choosing the COHSE annotator for creating annotations.It gives us the flexibility

of re-using existing services and extending them to meet therequirements of Dante.

Although we are using the COHSE annotator, the underlying annotation approach
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Figure 5.4: The architecture of the COHSE Annotator.
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Figure 5.5: Annotating the home page of Java with the WAfA ontology.

of Dante is based on a flexible pipeline. Figure 5.7 illustrates this pipeline which can:

1. receive inputs from different sources and in many formats(e.g., DC10, RSS11,

manual annotations done by using annotation tools such as COHSE, etc.);

2. harmonise these inputs into a canonical form by using Authoring semantics;

3. annotate pages automatically based on a heuristics by using the Authoring se-

mantics;

4. translate between annotation vocabularies, such as fromAuthoring semantics to

Mobility semantics, to provide extensive knowledge about these objects;

5. use such knowledge to transform Web pages into alternative forms to provide

better travel support.

Fundamentally, the WAfA ontology provides a common, sharedvocabulary that the

annotation and the transformation components of this pipeline approach can communi-

cate. The components numbered on Figure 5.7 relate to the main architecture of Dante

10Dublin Core Metadata, seehttp://dublincore.org/.
11Seehttp://blogs.law.harvard.edu/tech/rss.
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Figure 5.6: The home page of Java (15/01/2004).

No Authoring Concept Mobility Concept
1 Header WayEdge
2 Logo ReferencePoint
3 SearchEngine InformationPoint
4 LinkMenu Decision-NavigationPoint
5 BreadcrumbTrail Location-InformationPoint
6 PageTitle IdentificationPoint
7,8 Sidebar WayEdge,Decision-NavigationPoint
9,10,12,14,16,18Chunk WayPoint
11,13,15,17,19 Heading IdentificationPoint
21 Footnote WayPoint
20 Footer WayEdge

Table 5.1: Example annotations done on the home page of Java (see Figure 5.6).
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Figure 5.7: The Dante annotation pipeline (see Figure 5.1 for the parts 3 and 4).

illustrated in Figure 5.1. This pipeline approach hides howannotations are created

from the transformation component. Therefore, from the transformation perspective,

it becomes unimportant how the annotations were actually done; manual, automatic,

generated by a content management system or encoded during the design process. In

this thesis, we propose the manual annotation technique andPlesserset al.[95] present

how WAfA annotations can be generated with a design methodology. Pages also do

not need to be annotated both with Authoring and Mobility semantics. After Authoring

concepts are acquired, a set of rules can be used to translatethem to Mobility concepts

in order to accumulate better knowledge about these objects. Detailed information re-

garding this process can be found in [124]. We can of course bypass the translations

and use only the Authoring concepts to perform the transformations. In this case, di-

rect translation will be done and the Mobility concepts willbe implicitly used in the

transformation techniques.

As a summary, this section presented the annotation component of Dante. This

component is built upon a pipeline framework which allows annotations to arrive in

different formats. In the prototype implementation, the COHSE annotator is used to

annotate pages manually with the WAfA ontology and store them externally. The idea

was first to demonstrate that the annotations with the WAfA can guide the transfor-

mation of Web pages before we actually focus on automating the annotation process.

The annotations are then used by the RDF Editor to create a structural model of a page
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which is explained in the next section.

5.3 The Dante RDF Editor: Modelling Web Pages

When a Web page is annotated with the WAfA ontology using the COHSE annotator,

concepts are associated to parts of a Web page by using XPointers. Even though such

kinds of annotations provide information about the structural characteristics of certain

parts of the page, it does not provide any information about the relationship(s) between

these parts which can be important. For example, in Figure 5.6, object 21 is annotated

as aFootnote12. Even though this object is located at the bottom of the page,it is a

Footnote created for theHeader. However, when we only annotate that object as

aFootnote, the fact that it is associated to theHeader becomes implicit. Another

example relationship is between object 10 and 12. Annotating these objects asChunks

make them explicit, but again the fact that the object 12 is part of object 10 becomes

implicit and computationally inaccessible. Therefore, the Dante RDF Editor is devel-

oped to make such kinds of knowledge accessible and enhance the expressiveness of

the performed annotations.

The Dante RDF Editor uses the underlying architecture of COHSE by particularly

extending the Annotation service (Figure 5.4). It enables users to create RDF triples

to indicate the relationships between the annotations already stored by the COHSE an-

notator. COHSE assigns unique identifiers to each annotation. The Dante RDF Editor

creates an RDF triple by using these unique identifiers in thesubject and object fields

and a property from the WAfA ontology as the predicate value.The Annotation ser-

vice is extended and modified to store and retrieve such RDF statements. For example,

theHeading and theChunk objects, the following statement can be created: “object

10 which is aChunk has-headingobject 11 which is aHeading” (see Figure 5.6).

In this RDF triple, object 10 is the “subject”,has-headingis the “predicate” and the

object 11 is the “object”.

We have already discussed some annotation tools and approaches in the previous

section. All these approaches mainly focus on annotating content of Web pages and

12Different typographies used in this chapter have the following associations: Names of concepts
represented in the ontology are inCourier New font; relationships between concepts are in italics
enclosed by hyphens, e.g.,part-of.
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Figure 5.8: The Dante RDF Editor creating relationship(s) between annotations.

none of them discusses how to create relationship(s) between the performed annota-

tions. Although there exist numerous RDF editors such as RDFedt 13 and RIC14 that

allow users to build complex RDF documents with triples, thefocus of these tools is to

create an ontology or stand-alone RDF documents. In our case, the aim is to annotate

structural components of a page and their relationship(s).

Figure 5.8 shows the RDF Editor which is implemented as a sidebar. The object

and subject fields list the annotations already done by the COHSE annotator. The

predicate field is populated by the properties encoded in theontology. The user can

then choose a subject (1), predicate (2) and object (3), and click the “create” button

to add the annotations to the specified Annotation service (4). Table 5.2 shows some

triples created by using the example annotations in Table 5.1, and Figure 5.9 illustrates

the triples concerning the Header object. The generated triples provide us a model of

the page as opposed to SGML style hierarchical structuring of documents. As Gatze-

meieret al. [44] pointed out, the SGML applications require a primary hierarchy for

structure definitions. However, this hierarchical representation does not always repre-

sent the main structure of the document. A graph (RDF statements) as the underlying

data structure of a document can reflect a non-hierarchical,interconnected nature of a

13Seehttp://www.jan-winkler.de/dev/e rdfe.htm.
14Seehttp://www.mindswap.org/.
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Subject Predicate Object
1-Header has-part 2-Logo
1-Header has-part 3-SearchEngine
1-Header has-part 4-LinkMenu
1-Header has-part 5-BreadcrumbTrail
1-Header has-footnote21-Footnote
10-Chunk has-heading 11-Heading
12-Chunk has-heading 13-Heading
14-Chunk has-heading 15-Heading
16-Chunk has-heading 17-Heading
18-Chunk has-heading 19-Heading
10-Chunk has-part 12-Chunk
10-Chunk has-part 14-Chunk
10-Chunk has-part 16-Chunk
10-Chunk has-part 18-Chunk

Table 5.2: Example relationships on the home page of Java (Table 5.1).

document.

5.4 Transforming Web Pages

The transformation component of Dante is also implemented as a Mozilla sidebar.

In order to reformulate the structure of the page by different techniques, it uses the

model which is created by the COHSE annotator and the Dante RDF Editor. This is an

experimental sidebar that allows easy deployment and testing of new heuristics. In the

current implementation, each heuristic is associated to a button or a drop-down menu

on the sidebar. Depending on the heuristic, this user interface can easily be extended

by using the XUL (Mozilla’s User Interface Language) components.

In this section, we continue using the home page of Java as an example to demon-

strate the transformation heuristics encoded by Dante (Figure 5.6). This page is used

because it provides good illustrations of some of the issuesconcerning the mobility

support provided by the page. The page is annotated with the Authoring concepts.

In [124], we propose that translating Authoring concepts toMobility concepts can

provide an enhanced set of annotations to perform transformations. But after exper-

imenting with a number of Web pages and different sets of annotations, we realised

that Mobility concepts are actually used to classify the identified Authoring concepts.
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Figure 5.9: RDF Triples concerning the “Header” object on Figure 5.6.

But we did not need to use rules as these groupings were alwaysthe same. There-

fore, depending on the heuristic, once we know Authoring concepts, they can easily be

mapped to Mobility concepts that guide the transformations. For example, aHeading

is anIdentification Point and in all transformations it is treated so. Table 5.1

shows some more example mappings between the Authoring concepts identified on the

home page of Java to Mobility concepts.

We are proposing different heuristics to transform pages. The following sections

present them in detail particularly by explaining the motivation and the objects used.

Each technique addresses certain mobility and travel issues, particularly the mobility

principlesand the mobilityinstruments(Table 5.3). The Dante transformer sidebar

can be seen on Figure 5.10. After a page is loaded in Mozilla, each technique can be

executed by pressing a button or choosing it from a drop-downlist. These techniques

are grouped into two and can be summarised as follows:

Generic heuristics: Focus on reformulating a page as a whole rather than focusing

on a specific object on that page (Section 5.4.1).

T1 Fragmenting pages physically:A Web page is fragmented into a number of

smaller and simpler pages.

T2 Fragmenting pages logically:A table of contents is inserted into the page to

provide an overview.
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T3 Eliminating repetitions:Some structural components such as header, footer and

sidebar are removed to provide a simpler page.

T4 Enhancing intra-page movement:A skip link is added to skip certain elements

in the page to provide better movement support within the page.

T5 Linearising pages:The main content of the page is linearised to provide easier

access to screen reader users.

Object specific heuristics: Focus on using specific kinds of objects on a page to

reformulate its structure (Section 5.4.2).

T6 Enabling movement to the information point:Search Engine in the page is

moved to either top or bottom of the page to provide better access.

T7 Repositioning objects:The positions of the objects such as advertisements are

changed so that they do not distract the users.

T8 Alternative views:Only certain components such as link menus are presented in

the page.

T9 Structuring Link Lists:Creates a list of links in the page and organises them by

using the structure of the page.

5.4.1 Generic Heuristics

These techniques aim to reformulate the overall page structure in such a way to en-

hance the overall mobility support of that page.

Fragmenting Pages Physically

Dante fragments a complex and long page into a number of smaller and simpler pages.

This technique is similar to the partitioning approach proposed by [21, 25, 127] for

small screen devices. But in our approach, the focus is not tosupport the limitations

of such devices, but to support better audio navigation.

In order to fragment a page, Dante usesChunk (WayPoint) and Heading

(IdentificationPoint) annotations and also thehas-partandhas-headingre-

lationships created by the RDF Editor (Section 5.3). Physical fragmentation supports

regularity because each fragment is designed in a similar manner. Fragmented pages
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Mobility T1 T2 T3 T4 T5 T6 T7 T8 T9

Principles
Regularity x x x
Information Flow x x x x x x x
Granularity x x
Egocentricity
External Memory x
Familiarity x x x x x
Spatial awareness x x x

Instruments
Preview x x x x
Probe x x x
Scanning x x x x x
Browsing x x x x x
Searching x
Overview x x
Differentiating page elements x x x
Orientation x x
Getting contextual information x x x
Accessing the focus of the page x
Accessing Layout (organisation)x x

Table 5.3: Analyses of transformation techniques with respect to mobility.

are smaller and more manageable compared to the original page so betterinformation

flow is supported. In order to enable navigation between fragments, a page with a table

of contents is provided. Such a table of contents also helps users to get anoverviewof

the page and easily move between different parts of the page (see Table 5.3). More-

over, screen readers tend to support micro-navigation; only a small part of the page is

viewable at one point. Therefore, physical fragmentation also provides good support

for such micro-navigation.

Different techniques are used to create the table of contents page and link the gen-

erated fragments. The home page of Java is used as an example to explain these tech-

niques as follows:

• Linear fragmentationFor eachChunk annotation, a separate page is created.

Then a linear table of contents page is created to link these fragments. Each

fragment includes a link back to the table of contents. Figure 5.10 shows how

the home page of Java is fragmented based on this technique.
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Figure 5.10: Fragmentation of the home page of Java with a linear table of contents.

• Linear guided fragmentationCompared to the previous technique, here each

fragment is also linked to other fragments. Each fragment has three extra links:

(a) a link to the previous fragment (previous), (b) a link to the next fragment

(next) and (c) a link back to the table of contents page (TOC).Therefore, a kind

of guided tour is created between the fragments [50]. Figure5.11 shows the

fragmentation of the home page of Java with this technique.

• Nested fragmentationThe previous two techniques do not consider thepart-

of relationships between the chunks. Therefore, a linear table of contents is

created. But in this technique,part-of relationships are used to create a nested

table of contents. An enumerated list is used to create such akind of table of

contents. Therefore screen reader users can also easily access the parent-child

relationships. Figure 5.12 shows the created table of contents concerning the

part-of relationships.

Fragmenting Pages Logically

The fragmentation approach explained above physically divides the page into a set of

pages. Similar to that approach, we also logically fragmentthe page. This time a TOC

is inserted into the page itself that provides links toHeadings (Identification

Point) andChunks (WayPoint) in the page and back to the TOC. This can be
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Figure 5.11: Fragmentation of the home page of Java with a linear table of contents
(with guided tour support).
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Figure 5.12: Fragmentation of the home page of Java with a nested table of contents.
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Figure 5.13: Logical fragmentation of the home page of Java.

considered as a way of providing thebird’s eye view(overview) of the page. Based

on theHeadings andChunks in the page, we logically fragment the page and allow

users to have the preview of these logical fragments. Figure5.13 shows how the home

page of Java is logically fragmented. This is a technique to improve the intra (within

the page) mobility support, but once we improve this, the inter (betweenthe pages) and

collection wide mobility support (within the site) are alsoimproved. The created TOC

can be inserted either at the top or bottom of the page.

Both fragmentation approaches (logical and physical) havepros and cons. For

example, in the logical fragmentation, the user can continue to read the next chunk

without returning to the TOC. However, the number of links inthe page (from/ to

TOC) can be too many and difficult for the user to manage. The extra added links can

increase the cognitive demand. On the other hand, physically fragmented pages are

simple but the user has to move between them in order to read the entire page.

Eliminating Repetitions

Some structures such as headers, footers and sidebars can easily become repetitive and

not useful if the page is accessed more than once. They are kind ofWayEdges that are

usually used to differentiate the“main” content from the“side” . Sighted users tend

not to read such constructs by skipping and directly focusing to the relevant part of the

page. However, if you access a page with a screen reader, it isas if you have never

been to that page and there is no function that enables you to skip such constructs in the
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Figure 5.14: The home page of Java without header and footer.

page. Therefore the idea here is to remove header, footer andsidebars in a page so that

a shorter and concise page is provided to the user (see Figure5.14 and Figure 5.15).

Enhancing Intra-Page Movement

Skip links are popular for enhancing the navigation, and thus the mobility support

provided by the page for visually impaired users. They are mainly used at the top of

the page to provide a link to the main content, so that the userdoes not have toread

the unnecessary information. In particular, they are used to avoid repetitions. Different

strategies can be used to add skip links. Asakawaet al. [9] propose adding skip links

to part of the page annotated as the main content. With the help of our WAfA ontology,

we can have better understanding of the structure of the page. Therefore, we provide

more flexibility in adding skip links.

We have three heuristics which mainly use the following three objects:

(1) Headline, (2) Sidebar and (3)Header. If there is an object annotated as

a Headline then we consider that object as one of the most important headings in

the page so we add a skip link to easily jump to that heading. Inorder to avoid again

repetition in the page, we add skip links to skipHeader and theSidebar. We

have also assigned priorities to these heuristics, in this case we first check if there

is a Headline annotation, then theHeader and then theSidebar annotations.
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Figure 5.15: The home page of Java without sidebars.

Figure 5.16 shows how a skip link is added to the home page of Java.

Linearising Pages

When screen readers present pages in audio, they linearise the content of the page by

following the source code. However, this might not always generate a proper render-

ing as the order in the source code might not show the logical structure of the page.

Therefore, the focus here is to use the annotations to linearise the page content so that

it can be better rendered with a screen reader.

Linearisation can be considered as a technique to eliminatethe multi-dimensionality

of pages. It is well-known that multi-dimensional structures (e.g., tables) challenges

the linear interaction styles typically supported by screen readers [126]. For example,

the visual rendering of the home page of Java looks like a three column table (see

Figure 5.6). Therefore, the aim here is to linearise that kind of table-like structure

properly. In order to do that, we again useChunk andHeading annotations. The

linearisation is supported in two ways: (i) the linearised content is inserted at the top

of the page itself or (ii) the linearised content is insertedinto a new page and a link

is added back to the original page. Figure 5.17 shows how the home page of Java is

linearised at the top of the page.
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Figure 5.16: The home page of Java with a skip link.
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Figure 5.17: Linearisation of the main content of the home page of Java.
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5.4.2 Object Specific Heuristics

As opposed to generic transformation techniques, these techniques focus on using cer-

tain kinds of objects on the page to enhance the overall mobility support.

Supporting Movement to the Information Point

During a Web journey, users can engage in different browsingactivities. Depending

on the current task, users use different strategies and objects in the environment. One

of the objects that is widely used in case of a specific or well-defined task is the search

box. A search box is a kind ofInformationPoint that allows users to directly

request information. The position of the search box can be quite important. Since

sighted users can easily scan the page, the positioning might not be that important.

But visually impaired users tend to read the page from top to bottom, so finding these

kinds of objects cannot be easy. Some recent studies show that users have problems in

finding search engines in the page and they mostly complain about the positioning of

the object [33, 52]. They either think it is quite down in the page or it is in a wrong

position. Therefore, we provide an option to change the positioning of the object

annotated asSearchEngine. It can be either moved to the top of the page or to the

bottom. When users need to use it, they can move it to the top ofthe page so that it

can be accessed easily. It can also be moved to the bottom to avoid the repetition in the

page. In Figure 5.18, the search engine which is at the top of the page is moved to the

bottom.

Repositioning Objects

Objects that are primarily designed for visual communication can easily be distractive

in a non-visual communication. A good example to these objects are advertisements

(AttentionObject), in particular, when alternative texts are not provided and they

advertise something that does not interest the user. For example, some users indicated

that because of adverts it was difficult to reach the focus of the page [33]. On the

other hand, these objects can support serendipitous browsing. Therefore, rather than

removing them from the page, we provide two heuristics; (1) move them to the bottom

of the page and (2) move them to a new file. Figure 5.19 shows theimplementation of

these heuristics.
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Figure 5.18: The search engine in the home page of Java is moved to the bottom.
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Figure 5.19: An advertisement is moved to the bottom of the page and to a new file.
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Generating Alternative Views

This technique mainly uses different objects to provide alternative views. This en-

ables users to access pages in different ways. For example, Dante usesLinkMenu

(Decision andNavigationPoint) annotations to present only link menus in the

page or as explained above onlySidebars can be presented (Section 5.4.1). These

alternative views can easily be extended based on the objects annotated in the page.

For example, onlyHeader or Footer or Headings, etc., can be presented.

Structuring List of Links

Some screen readers provide a function for accessing the list of links in the page. They

allow users to scan the page rather than read the entire page.However this technique

requires links to have proper labels so that they make sense when they are read out

of context, but unfortunately many links are context dependent. For instance, in the

home page of Java, there are links labelled as “buy” or “see all” or “more”. If they

are not read with contextual information, it is almost impossible to understand where

these links point to. However, the structural knowledge encoded with the annotations

can be used to add context to the created list of links. This transformation technique

aims to useChunk andHeading annotations to provide structure and context to the

generated list of links. This can be considered as grouping links (organising) which is

well-known to aid scanning and memorability of the links [94].

5.4.3 Customisation of Heuristics

In some of the transformation heuristics, we already discussed certain options, for ex-

ample being able to move the identifiedSearchEngine object to the top or to the

bottom of the page. However, most of the other heuristics discussed above can also

be systematically extended based on anobject-actionapproach. Table 5.4 summarises

basics of a framework that can be used to perform the transformations systematically.

Certain actions can be performed on certain objects based onthe given location param-

eter. For example, if a LinkMenu is identified, based on this customisation framework,

possible actions can be: removing from the page, moving to the top of the page or

moving to a new file. This framework provides a better and systematic customisation

approach to our heuristics.
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Object Action Location

Header (WayEdge) move to a new file
Footer (WayEdge) remove to top
Sidebar (WayEdge, DecisionPoint, NavigationPoint) linearise to bottom
LinkMenu (DecisionPoint, NavigationPoint) fragment .

Chunk (WayEdge) add .

Headline (IdentificationPoint) duplicate .

Advertisement (AttentionObject) .

SearchEngine (InformationPoint) .

Link (NavigationPoint) .

Section (WayEdge)
Heading (IdentificationPoint)

.

.

.

Table 5.4: Customisation of some transformation heuristics.

5.4.4 Combination of Heuristics

In the current implementation of the Dante transformer, each transformation heuristic

is applied separately. This gives us the flexibility of testing whether these heuristics can

be combined (i.e., applied together) and if they can, whether the order of application

is important or not. Table 5.5 aims to provide answers to these questions. This table

also refers to some of the customisations supported by the heuristics as they might

have a different impact on the combination with other heuristics. We will discuss two

approaches for combining these heuristics.

In-situ same pageTechnically combining heuristics is a challenging issue asDante

uses annotations generated by COHSE which are referred by XPointers [5]. In case of a

page reformulation XPointers can easily become obsolete. If the underlying tree struc-

ture of the page which is represented by the DOM, is changed then the XPointers based

on that tree can become invalid. For example, we can have an XPointer that refers to the

second table element which is a child of the body element (/html/body/table[2]. . . ), but

if the first table child is removed then this XPointer cannot be accessed or can point to

the wrong part of the page depending on the other children of the body element. There-

fore, the order of application is important. For example, removing the firstFooter

object and then theHeader is a safe combination. This is because aFooter is at the

bottom of a page, so removing corresponding elements in the DOM tree will not effect

the XPointer of the correspondingHeader elements.

Copied pagesAnother way to combine heuristics is to create an alternative view

of the page rather than modifying the original. For example,physical fragmentation
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technique does not change the original page, it creates a number of smaller pages

and a table of contents without modifying the original. Therefore, this heuristic can

always be combined with other heuristics as long as they do not modify the DOM tree.

Similarly, moving link menus to a new file or creating a list oflinks in a new page, can

also be easily combined with other heuristics.

Based on the customisations discussed in the previous section and the combination

of issues discussed here, users can interact with these heuristics in different ways:

• Users can choose which transformation technique to apply. This is the way it

is implemented in the current Dante transformer. The main advantage here is

that depending on the users’ task, they can decide which technique to apply.

However, users have to make a decision as to whenever they access the page

which is the main disadvantage.

• A structural table of contents can be created for a page depending on the anno-

tations. Here the idea is to create a separate page for each structural component

and allow users to get an overview of the structure. For example, a table of con-

tents can be created which says “Header, Sidebar, LinkMenu,Link, Footer, etc.”,

these will all provide links to separate pages that include for example only the

Header, or only Sidebars, etc.

• Customisation options discussed in the previous section can be turned into a

preferences vocabulary that will allow users to specify which actions to apply on

which objects and how. Such preferences will also have restrictions which will

take into account the fact that the certain transformationscannot be combined

(Table 5.5).

• All transformation heuristics can be applied on independent copies of the orig-

inal page and a root page can be created to link them. In this case, we do not

have to consider if the transformation heuristics can be combined or not because

they all will be applied independently. For example, a root page can include

links such as “Physical fragmentation, Logical fragmentation, Without Header

and Footer, List of links, etc.).

These are alternative approaches to the way the Dante transformer is implemented. The

main conclusion here is that knowing the structure of the page provides the flexibility

of presenting the same page in different ways to meet the users’ requirements. This is

achieved by annotating Web pages with the WAfA ontology.
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T1 T2A T2B T3A T3B T3C T4 T5A T5B T6A T6B T7A T7B T8 T9
T1-Physical fragmentation

√ √ √ √ √ √ √ √ √ √ √ √ √ √

T2A-Logical fragmentation (add TOC to top) ×
√

× × × × × × × × × × × ×

T2B-Logical fragmentation (add TOC to bottom)×
√

× × × × × × × × × × × ×

T3A-Remove Header × × × × × × × × × × × × × ×

T3B-Remove Footer ×
√

×
√ √ √

× × × × × × × ×

T3C-Remove Sidebar × × × × × × × × × × × × × ×

T4-Add a skip link × × × × × × × × × × × × × ×

T5A-Linearise (at top) × × × × × × × × × × × × × ×

T5B-Linearise (to a new file) √ √ √ √ √ √ √ √ √ √ √ √ √ √

T6A-Move SearchEngine (to top) × × × × × × × × × × × × × ×

T6B-Move SearchEngine (to bottom) × × × × × × × × × × × × × ×

T7A-Move Advertisement (to bottom) × × × × × × × × × × × × × ×

T7B-Move Advertisement (to a new file)
√ √ √ √ √ √ √ √ √ √ √ √ √ √

T8-Move LinkMenus (to a new file)
√ √ √ √ √ √ √ √ √ √ √ √ √ √

T9-List of links (to a new file)
√ √ √ √ √ √ √ √ √ √ √ √ √ √

√
- Can be combined.

×- Cannot be combined.

Note: This table represents the order of application; the row namehas to be read first.

Table 5.5: Combination of transformation heuristics if in-situ same page.
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5.5 Summary and Conclusions

This chapter has presented the mobility support tool, Dante, and its underlying ap-

proach and architecture. Dante is built upon the Travel Analysis Framework. Dante

identifies travel objects and their roles, annotates them with the WAfA ontology and

transforms pages accordingly to enhance the provided mobility support. Dante pro-

poses a pipeline approach to annotate pages that allows annotations arriving from dif-

ferent sources. An RDF Editor is also presented that can be used to create relationships

between the annotations. Dante then uses these annotationsand their relationship(s) to

transform pages in different ways.

The transformation techniques explained are simple yet efficient. In fact, they can

be considered as intermediate operations that transform pages into a form which can be

easily accessed with a screen reader. In an ideal case, screen readers can also provide

functions based on the annotations by using the WAfA ontology directly. These trans-

formation techniques can be considered as demonstrations of how the WAfA ontology

can be used.

As explained in Chapter 2, in the literature there are different approaches to trans-

form pages. Most of these approaches use HTML source code to transform pages and

not many of them try to understand the structural and navigational properties of pages

as we do. The closest approach to ours is proposed by [9, 106].They also annotate

pages with a vocabulary and transform them accordingly. However, their vocabulary

is limited and they only consider structural properties of pages. Consequently, the

provided transformations are also limited. For example, they provide re-ordering of

objects and adding a skip link. But with our approach, even though we presented a

specific set of transformation techniques, this set can easily be extended because the

ontology provides extensive information about not only thestructure of the page but

also about the provided navigation support.

The annotations and transformations also demonstrate the practical usefulness of

the WAfA ontology. The concepts and the relationships included in the ontology are

good enough to be used by Dante to perform transformations. In the following chapter,

a user evaluation is presented to demonstrate the utility ofthe transformations, which

in consequence demonstrates the utility of the annotationsand the WAfA ontology.



Chapter 6

The Evaluation of Dante

The evaluation of Dante aims to demonstrate that the annotations and in consequence

the performed transformations ease the mobility and enhance the travel support for

visually impaired users. The overall evaluation consists of two parts: user evaluation

and technical evaluation.

The user evaluation aims to demonstrate that transformations improve the mobil-

ity of visually impaired users and enable them to travel easily and confidently around

Web pages. In order to demonstrate this, a task-based evaluation was conducted. Ten

participants were asked to perform a number of tasks on both the original and the

transformed versions of a number of pages. In order to be ableto assess how partic-

ipants performed on both versions, we used the NASA TLX, Cooperative evaluation

and a structured interview. All participants tried both theoriginal and the transformed

pages, but in order to eliminate the learning factor, half ofthe participants tried the

original first while the other half tried the transformed version. In overall, the TLX

results demonstrated that the mental workload was lower forthe transformed versions.

Participants’ comments and the results of the structured interview also confirmed the

findings of the TLX results. In summary, this user evaluationconfirmed our hypothesis

that transformations performed by Dante enhance the provided mobility support.

The technical evaluation aims to demonstrate the utility ofthe annotations. This

part of the evaluation focuses on demonstrating the importance of annotations with the

WAfA ontology and how they contribute to the transformations.

116



CHAPTER 6. THE EVALUATION OF DANTE 117

6.1 The User Evaluation

In the previous chapter, we explained how Dante annotates pages with the WAfA on-

tology and transforms them accordingly. These transformations aim to enhance the

experience of visually impaired Web travellers by providing better mobility support.

In order to demonstrate that we have achieved our goal, a userevaluation was carried

out. A comparative task-based evaluation has been chosen. Participants were asked to

perform a set of tasks on the original pages1 and on their transformed versions. The

main hypothesis of this evaluation was:

By transforming Web pages, we improve mobility, consequently enhance

the travel support provided.

If the participants would be able to complete the same set of tasks better and easier

with the transformed than the original pages, then we would be able to conclude that

the transformations were useful and enhanced the mobility of visually impaired users.

Demonstrating that the transformations improve the mobility and travel support over

and above that afforded by original pages will give a stronger indication of the value

of encoding transformations. In the following sections, wefirst present the details of

the evaluation, and then we present and discuss the results.

6.1.1 Participants

Ten Web users participated in the evaluation with ranging between 25 and 65 years

(three females and seven males). Eight of the participants were blind and two of them

were partially sighted. Their length of Web experience was varied. The average num-

ber of Web usage hours was also varied, ranging between half an hour to nine hours

per day. Blind participants accessed pages with a screen reader (Jaws2 and Hal3) us-

ing IE with Windows operating system. One of the partially sighted participants used

a screen magnifier (Lunar4) with IE (see Table C.2 in Appendix C). Even thought,

ten people participated in the evaluation, two of the participants could not complete

the evaluation because they were trying to access pages witha screen reader that they

were not familiar with. Lack of experience in using the available screen reader hin-

dered them to complete the given tasks. Therefore, we are nottaking into account the

1In this chapter,original versionrefers to the page provided by the owners which was available
online at that time.

2Seehttp://www.freedomscientific.com/.
3Seehttp://www.dolphinuk.co.uk/.
4Seehttp://www.dolphinuk.co.uk/.
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results from these participants. In the rest of this chapter, other participants are referred

to as P1–P8.

6.1.2 Materials

Three Web pages were used in the evaluation. The result page of Google5 for the word

‘Olympic’ was used for training. The design of Google is widely known and popular

for its simplicity. It also provides many travel objects. Therefore, transforming such a

simple page with many travel objects with respect to the Travel framework, was good

enough to demonstrate the purpose of the transformations.

For the main evaluation part, the home page of Manchester University6 (see Fig-

ure 6.2) and the home page of Internet Movie Database (IMDB)7 (see Figure 6.4) were

used. Section C.1 in Appendix C presents each page along withtheir transformed

versions used in the evaluation. Due to time limitations, wedecided to use only the

physical fragmentation in this evaluation rather than exploring different transforma-

tions explained in the previous chapter.

The pages used in the evaluation were particularly chosen based on the classifica-

tions proposed by [6]. They classify pages into seven according to their functionality

but not to the content. Since in our work we are also interested in the structure of

the pages, we have chosen pages from different categories suggested by this study.

The home page of Manchester university is a typical ‘Universities and Research Insti-

tutes’ page and the IMDB page is a “Content and Media Site”. Therefore, these pages

provided us with an exemplar set.

6.1.3 Tasks

Participants were asked to perform a single task on the training page and two tasks

on other pages. For the training page (Figure 6.1), the aim ofthe given task was to

demonstrate how Dante fragments pages and introduce participants to an exemplar

task. The following task was used for the training purpose:

Assume that you searched for the word “Olympic” and reading the results.

Can you find out what the second returned result is?

5Seehttp://www.google.com/.
6Seehttp://www.man.ac.uk/.
7Seehttp://www.imdb.com/.
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Figure 6.1: A result page of Google (17/08/2004).
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Figure 6.2: The home page of Manchester Uni-
versity (17/08/2004).

 

Figure 6.3: The home page of Manch-
ester University in audio.
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Figure 6.4: The home page of IMDB (17/08/2004).

Google (see Figure 6.1) visually presents search results ina well structured manner.

The overall structure and layout of the page provide implicit information about the

returned results, their importance, etc. The number of returned results are in a banner

with a distinctive colour; sponsored links are on the right hand side with a lighter colour

in order not to distract the reader; extra news results are atthe top and also presented

in a different style; finally the results presented more or less in the middle centre of the

page where each result is presented in a separate paragraph.A screen reader user has

to read the search box, number of results, sponsored links, news results in order to get

to the main results section. Therefore, the given task aims to show that it is not easy

and can take long time for visually impaired users to access the results. It also aims to

demonstrate how physical fragmentation of pages can be useful.

Table 6.1 presents the tasks used in the main part of the evaluation. These tasks

were prepared to address certain mobility and travel issues, particularly mobilityprin-

ciples(Table 6.2) and mobilityinstruments(Table 6.3). Since participants can easily

transfer their knowledge about a page after completing the tasks on the original to

transformed version or vice versa, we decided to slightly modify either some of the

tasks or pages. For example, Figure 6.4 which is the originalversion, the welcoming

paragraph starts with “Welcome to the Internet Movie Database, the biggest,. . . ”. In

the transformed version, we slightly changed this as “This is the biggest, best, most

. . . ” to make sure that the participants did not memorise the sentence. Some of the

tasks were also slightly modified.
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No Task
The University of Manchester home page (see Figure 6.2)
T1 The main content of this page is visually organised as three sections, can

you find out what these sections are?
Transformeda And how many sub-sections are there in the “categories”
section?

T2 There are two links to access the home page of the university’s library, can
you try to find one of them and tell me which section is this linkin? Can you
also tell me if can find out the name of the library without actually visiting
the home page of the library?

The IMDB home page (see Figure 6.4)
T3 This page is visually laid out into three columns and actually the main con-

tent is in the middle. Can you try to find the starting point of this main
content and tell me what is the first sentence?
Transformed: Can you find out two movies that will be available on DVD
tomorrow?

T4 There is a section in this page where IMDB highlights a movie for that par-
ticular date, try to access that section and try to find out what are the previous
and next sections (giving their titles will be enough)?

aThe keyword‘transformed’indicates the version of the task that is slightly modified and used for
the transformed version of the page.

Table 6.1: Tasks used in the main body of the evaluation.

The aim of the first task (T1) (Table 6.1) forthe home page of Manchester Univer-

sity (Figure 6.2) was finding out if the participants could easilyget an overview of the

page. In its main content, this page has three visually distinctive sections (excluding

the header and footer). These sections are: (a)latest newswhich is on the left, (2)

categorieswhich is on the right and (3) a number of referential sectionsbelow the first

two sections. Distinctive colours and lines are used to create clear separation between

these sections. Moreover, the categories part has a list of sub-sections where each of

them has a distinctive title and a list of links. However, only one heading in this page

is explicitly marked up. Therefore accessing this page in audio is not an easy task. For

example, the sub-sections in the categories section are allread as a single list of links.

The second task for this page (T2) aims to address link presentation issues, in particu-

lar getting a preview of the destination page. There are two links to the “John Rylands

Library”. One of them is provided in the section called “services and facilities” in

the categories part and the other one is provided in the last section called “university

library”. One of these links actually provide the name of thelibrary but not the other

one. Therefore before actually visiting the page, the user would not be able to get the
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Mobility T1 T2 T3 T4

Principles
Regularity
Can the user realise the regular or repeated structure used in the page? x x
Information Flow
Does this page provide small manageable units of information that the user can
easily use?

x x

Granularity
Does this page provide enough landmarks and cues? and if it does, are they in
the right format?

x

Egocentricity
Can the user associate objects and their positions to his (her) current position
in the page?

x

External Memory
Can the user easily access objects that support external memory? x
Familiarity
Depending on the user’s previous journeys, can (s)he predict the content and
structure of the page?

x x

Spatial awareness
Can the user relate this object (e.g., link) to others in the same spatial proximity? x x

Table 6.2: Analyses of tasks (Table 6.1) with respect to mobility principles.

name of the library.

The home page of IMDBis also visually very well structured. The link menus

and search boxes are on each side of the page and the main content is positioned in

the middle column– the structure of the page makes a distinction between “main” and

“side” content. However the source code actually does not reflect that. Therefore, the

first task for this page (T3) aims to identify the techniques that visually impaired people

use to access the main content and also find out if they can easily make distinctions

between “main” and “side” content. In the main body of the page, several sections

are clearly presented. The second task for this page (T4) aims to address “spatial

awareness”– can users create a relationship between these sections?

As a summary, the tasks used in the evaluation were designed to address travel

and mobility issues. Table 6.2 and Table 6.3 presents the relevance of these tasks to

mobility principles and instruments respectively.
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Mobility T1 T2 T3 T4

Instruments
Preview
Does the link label provide enough information so that the user can decide to
follow or not to follow it? e.g., can the user find out the name of the library
before actually visiting the target page?

x

Probe
Can the user identify and use page elements? or Can the user make use of
objects that are provided to support intra-navigation?

x

Scanning
Can the user scan the page? x
Browsing
Can user easily browse a page? x
Searching
If the user is looking for a known target, how (s)he behave? x
Overview
Can the user easily get an overview of the page? x
Differentiating page elements
Can the user notice the distinction between main componentsof the page such
as sections?

x

Orientation
Does the user know his(her) position in the page (or at least have an idea)? e.g.,
when the user reads a link, do s(he) know where that link is?

x

Getting contextual information
Can the user access the contextual information (such as the section that a link
is part of)? or can the user notice certain groupings and their parts?

x x

Accessing the focus of the page
Can the user easily access the focus of the page? x
Accessing Layout (organisation)
If the layout or the organisation of the page plays an important role in under-
standing the content of the page, can the user access such information?

x x

Table 6.3: Analyses of tasks (Table 6.1) with respect to mobility instruments.

6.1.4 Methods

In order to assess how difficult the participants found the tasks and also to compare

how well they performed with the original and transformed pages, the following three

methods were used:

Cooperative evaluation is considered as an alternative evaluation technique to the

strict controlled experiment paradigm [120]. In this technique, while partic-

ipants perform tasks, they are encouraged to think aloud. Inour evaluation,

participants were encouraged to particularly comment on the commands they



CHAPTER 6. THE EVALUATION OF DANTE 124

issued, things they liked and did not like about pages and their preferences. Cap-

turing such subjective data was important for this evaluation. Quantitative data

such as number of commands, speed and accuracy cannot tell the whole story of

the usability and utility of transformations over originalpages. This is because

participants’ experience of using their assistive technology, previous knowledge

about the pages, etc., can also easily affect such quantitative data. This evalu-

ation sought to judge whether the participants could accomplish the tasks in a

manner they wished, to their own satisfaction.

Task Load Index (TLX) is a way of measuring the workload under test conditions

which was developed by NASA [57]. The workload is measured based on the

following aspects of difficulty: (a) mental demand, (b) timepressure, (c) effort

expended, (d) perceived performance and (e) frustration experience. Participants

were asked to give numerical ratings on a scale of 0 to 20 for each of these as-

pects. Except from “perceived performance”, a higher scoreindicates a more

difficult task for others. The details of TLX can be found in Table C.1 in Ap-

pendix C.

Structured interview After recording the TLX scores, a small structured interview

was carried out based on a questionnaire which covered the following two broad

categories: orientation and movement [38]. Table 6.4 presents this questionnaire

with respect to the mobility framework.

6.1.5 Procedure

Each participant performed given tasks on both versions of the same page: original

(the page that was available online at that time) and transformed (the page that was

transformed by Dante). Each participant used one version and then the other (e.g.,

first original then transformed or vice versa). Lessons learnt from the first version

may transfer and affect performance and preferences for thesecond one (positively

and negatively) [104]. In order to eliminate this memory effect, we introduced half

of the participants to the original version first while the others were introduced first

with the transformed version. Therefore we did not have two separate user groups but

the same group tried both versions. We did not give any time limit for performing

the tasks, however participants were encouraged to consider giving up if they were

spending long time without feeling they were making progress.
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Question Mobility
Principles

Mobility
Instruments

Do you know (do you have an idea) how long this
page is (we are not looking for the exact size but
trying to find out if you have an idea about the
size?)

- Overview

Do you think now you have an overview of the
page?

- Overview

How difficult was it to get such an overview? - Overview
What do you think about the amount of informa-
tion?

Granularity -

Did you find this page complex? If yes How com-
plex you think is this page?

Information flow -

Was there anything particular you found repetitive
in the page?

- Accessing the focus
of the page

How easy was it to access different parts of this
page?

- Probing, Differenti-
ating page elements

How easy was it for you to figure out your position
in a specific section with respect to other sections
in the page?

Spatial awarenessOrientation, getting
contextual informa-
tion

At any point in your journey, did you think you
were lost (didn’t know where you are)?

Orientation, spa-
tial awareness

-

Was there anything particularly good or bad about
this page?

Table 6.4: Post-evaluation questions with respect to mobility.

In order to be able to make a fair comparison between originaland transformed

pages, we did not ask participants to use Dante itself but we asked them to use the

transformed pages generated by Dante. We used local copies of both original and

transformed versions. Participants used their own browserand assistive technology to

access these local pages. This would not only allow us to makea fair comparison, but

also would eliminate the effect of the learning curve neededfor the Dante. Further-

more, the main goal of this evaluation is not to assess the usability of the tool, but to

assess the usability and utility of the transformations performed by Dante. Broadly

the evaluation comprised of two parts:introductionandmainwhich are explained as

follows:

Introduction part First we introduced the participants to the main goal of Dante. We

explained that Dante transforms Web pages into a form to enhance provided

movement support. We explicitly indicated that the aim of this evaluation is not

to assess the participants but to evaluate the transformation approaches encoded
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in Dante. We then asked a number of questions to participantsabout themselves

(e.g., age, experience of using Web, etc.) (see Table C.2 in Appendix C). The

aim of these questions was to create a profile of our participants that are al-

ready discussed in Section 6.1.1. Finally in this part, we used the result page of

Google as an example to explain how Dante transforms pages (See Figure C.2

in Appendix C). We used an example task to present the overallstructure of the

evaluation (Section 6.1.3). The results from this page are not considered in the

overall evaluation assessment.

Main part Two pages were used in the main body of the evaluation (Section 6.1.2).

Two tasks were used for each page (Section 6.1.3). The procedure followed can

be summarised and explained as follows:

• Perform tasks on the original page (or transformed);

• Rate TLX factors; Structured interview;

• Perform tasks on the transformed page (or original);

• Rate TLX factors; Structured interview.

Half of the participants were first asked to perform the two tasks on the original

version of the Manchester University home page. After completing these tasks,

participants were asked to rate the subjective workload factors of TLX (Sec-

tion 6.1.4). This was followed by the structured interview 6.1.4. Participants

were asked a number of questions in order to capture their experiences of using

that version of the page (see Table 6.4). After completing these questions, par-

ticipants were asked to perform same tasks with the transformed version. This

was followed again by TLX and structured interview. Same procedure was fol-

lowed for the home page of IMDB. Other half of the participants started with

the transformed version and then used the original page, butthe overall structure

was again same.

6.1.6 Mental Workload: TLX Results

All participants performed given tasks (see Table 6.1) on the home page of Manchester

University (see Figure 6.2) and six participants performedgiven tasks on the home

page of IMDB (see Figure 6.4).

Table 6.5 shows the average scores for each of the workload factors for the home

page of Manchester University; the raw data can be seen in Table C.3 and Figure C.7
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- C.12 in Appendix C. Similarly, Table 6.6 shows the average scores for each of the

workload factors for the home page of IMDB; the raw data can beseen in Table C.4

and Figure C.13 - C.18 in Appendix C. Each factor was marked inthe range 0-20. The

overall workload was calculated from ratings in Table 6.5 and Table 6.6 as follows. For

the factorsMental Demand, Physical Demand, Temporal Demand, Effort andFrustra-

tion Levela high score (near to 20) represented a positive result. For example, a score

of 20 for Mental Demandimplied that the demand was very high. On the other hand,

a score of 20 forPerceived Performancewould imply that the participant had not done

well (performance was considered as low or poor). Therefore, in order to calculate

the overall score, thePerceived Performancescores were complemented (subtracted

from 20). Thus an overall score approaching to 20 implies that the page is difficult to

use, whereas a score near zero means that the page is easy to use. Paired Student’s

t-tests were also used to assess the significance of any differences between ratings for

each factor [38]. For all TLX factors, our results were statistically significant and we

providet-tests analysis as we discuss results for each factor.

The overall mean mental workload for the home page of Manchester University

was calculated as 6.38 for the transformed page and 12.63 forthe original page (t=2.58,

df=5, p=0.05). This difference was also confirmed in the homepage of IMDB; the

overall mental workload was calculated as 14.58 for the transformed and 3.08 for the

original version (t=6.22, df=5, p=0.002). The difference was higher in the IMDB page

because there were a number of cases where participants gavezero to the transformed

and 20 to the original version (e.g., seeFrustration levelcolumn in Table C.4 and

Figure C.18). The overall increase for the mental workload for the original version of

the IMDB page suggests that participants found that page more demanding than the

home page of Manchester University.

For all factors, compared to transformed version, the average given scores for the

Manchester University page were almost double for the original version. This was

even higher for the home page of IMDB; the average given scores were almost tripled.

As can be seen from Table 6.5 and 6.6, the highest difference among the TLX

factors is forFrustration Level(t=5.79, df=7, p=0.001 for Figure 6.2 and t=5.3, df=5,

p=0.003 for Figure 6.4). This shows that the participants were highly irritated when

they performed the tasks with the original version comparedto transformed. This was

actually confirmed with their comments which are discussed in the next section. The

lowest difference among the factors for both pages were theTemporal demandscores

(t=2.7, df=7, p=0.031 for Figure 6.2 and t=2.9, df=5, p=0.034 for Figure 6.4). This is
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Factor Original Transformed Difference

Mental Demand 13.88 5.63 8.25
Physical Demand 12.75 5.00 7.75
Temporal Demand 10.38 4.50 5.88
Effort Expended 13.63 4.38 9.25
Perceived Performance 9.88a 4.63 5.25
Frustration Level 15.00 3.38 11.63

Mean 12.63 6.38

Table 6.5: Summary of TLX scores for the home page of Manchester University.

aFor all factors, except theperceived performancelevel, a low score is positive in terms of usability
(Table C.3 and Figure C.7- C.12 for raw TLX scores).

not surprising since participants were not given any time limits.

The significant difference between the givenmental demandscores for both pages

suggest that pages were well transformed to meet the requirements of the given tasks.

The average difference mental demand score for the Manchester University page is

8.25 (t=6.38, df=7, p=0.0004) and it is slightly higher for the home page of IMDB

which is 11.17 (t=6.22, df=5, p=0.002).

Although, the definition of thePhysical demandfactor can be considered as irrele-

vant to our evaluation (see Table C.1 in Appendix C), we askedparticipants to consider

the physical activities such as using the keyboard and also whether they found the tasks

laborious or not. As for other factors, the difference for this factor for both pages was

also quite high; for the home page of Manchester University it was 7.75 (t=3.9, df=7,

p=0.006) and for the home page of IMDB it was 10.67 (t=3.91, df=5, p=0.011).

TheEffort expended was significantly reduced in the transformed version of both

pages. The difference for the Manchester University page is9.25 (t=7.24, df=7, p=0.0002)

and for the IMDB page the difference was 11.17 (t=3.96, df=5,p=0.011). Finally,sub-

jective performanceachieved was significantly increased in the transformed version

of both pages. The difference was 5.25 (t=3.51, df=7, p=0.010) for the home page of

Manchester University and 12.67 (t=6.83, df=5, p=0.001) for the IMDB page.

As a summary, the results for all factors demonstrated that the participants found

the same tasks more demanding to perform on the original pagethan the transformed

versions. Since our tasks were designed to address mobility(Section 6.1.3), these

results confirmed our hypothesis that transformations improved mobility (Section 6.1).
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Factor Original Transformed Difference

Mental Demand 15.67 4.50 11.17
Physical Demand 13.50 2.83 10.67
Temporal Demand 11.50 2.50 9.00
Effort Expended 14.33 3.17 11.17
Perceived Performance16.17a 3.50 12.67
Frustration Level 16.33 2.00 14.33

Mean 14.58 3.08

Table 6.6: Summary of TLX scores for the home page of IMDB.

aFor all factors, except theperceived performancelevel, a low score is positive in terms of usability
(Table C.4 and Figure C.13- C.18 for raw TLX scores).

6.1.7 Results and Discussion

In this section, we present structured interview results and also our observations. Here

we again discuss results by using the mobility framework. Particularly, we again refer

to mobility principles(see Table 6.2) andmobility instruments(see Table 6.3). The raw

data for the structured interview can be seen in Appendix C inTable C.5 and C.6 for

the home page of Manchester University, and in Table C.7 and C.8 for the home page

of IMDB.

Orientation and Spatial Awareness

We asked participants to comment about the orientation (i.e., if they were able to an-

swer the question ‘where am I?’) and spatial awareness (i.e., if they knew their position

and location in relation to other parts of the page) while they performed the tasks.

Orientation Half of the participants for the home page of Manchester University

mentioned that at certain points during their journeys theydid not know their position

in the page. P6 indicated that “several times I felt like I could not continue and moved

to top of the page to start again”. When we observed participants, this was actually

what most of the participants did when they actually felt lost. Moving to the top of the

page provides them an explicit and unique information abouttheir location. From there

on, when they read the page, they tend to use the top of the pageas a reference point;

the rest of the page is compared and associated to the top of the page. On the other

hand, none of the participants indicated that they were disoriented in the transformed

page.

Participants’ responses concerning orientation for the home page of IMDB were
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more negative. For instance, P5 mentioned that “I could not figure out my position at

all”. Similarly, at some point P4 indicated that “I have no clue about the content of

this page, I am totally lost”. Participants again moved to top of this page and started

to read the page from the top whenever they felt they could notcontinue. Our partially

sighted participant also used this technique to re-orientate herself however as opposed

to blind participants she did this for different purpose. For example, in the IMDB page

she moved to top of the page because she was looking for the ‘banner’ at the top. She

indicated that this is because the banner has a distinctive colour and shape (running

across the page). On the other hand, none of our blind participants mentioned the

banner at the top.

Spatial awareness Except for one participant, all participants thought that it was

difficult to figure out their position with respect to other components of the original

version of the Manchester University home page. For example, P8 indicated that “it

was very difficult, for that purpose I usually use the list of links so that my screen reader

gives me exact position of the item that I am reading with respect to the other items.

But unfortunately in this list there were so many links with labels such as more. . . ”. On

the other hand, all participants found it quite easy with thetransformed page. Similar

results also emerged for the home page of IMDB.

Getting an Overview of a Page

Only one participant (P1) could get an overview of the page byreading the original

version of the Manchester University home page. On the otherhand, all participants

mentioned that the table of contents of the transformed version helped them easily get

an overview. For example, P4 commented that the transformedpage does not have

repetitions which is important to get the overview. Similarcomments were also given

for the home page of IMDB. For example, P6 indicated that “even though I have visited

this Web site before, I did not know that those sections exist”. Some participants also

highlighted that the table of contents enabled them to easily see what is available on

the page and to decide which part of the page they want or need to read.

Logical vs. Physical Page Size

We asked participants to give their opinions about the size of the page. The aim was

not to find out if they knew the exact physical size of the page (e.g., number of words)

but to find out if they can easily get an idea about the size of the page and what kind

of information they use to come to the conclusion. Most of theparticipants indicated
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that the original version of the home page of Manchester University was quite long

and it was observed that participants paid quite a lot of attention to the total number of

links in the page. For example, P1 mentioned that “when I entered the page my screen

reader said there are 123 links which means this page is quitelong”. On the other hand,

when we asked the same question for the transformed version,most participants found

it much shorter, more structured and more manageable. However, most participants

also highlighted that with the transformed version, they could not have an idea about

the physical size of the page. Even though, they found the number of logical sections

indicative about the size and density of the page, they thought it was not enough to find

out the actual physical size of the page. For example, P7 saidthat after he accessed

both pages, he did not think that both pages were the same size.

Most participants commented that they did not have an idea about the size of the

IMDB page. For example, P1 commented that “there were so manystuff that I had to

read before I reach the main content that I do not think I have an idea about the size of

the page but the only thing I can say is that it is too long”. Allparticipants indicated

that they found the size of the transformed page much better.Even P8 stressed that

“with this transformed page, at least I know the number of sections in the page”.

Most participants preferred the length of the transformed page to length of the

original page. Although participants could easily get the number of logical sections

in the transformed page, they could not get the actual physical size. In order to do

that they had to visit each fragment individually. Participants also could not use the

information that they often use to judge the page size. For example, the number of

links in the generated table of contents, can give an idea about the logical number of

sections of the page but not it’s physical size.

Differentiating Page Elements and Movement

We asked participants how easy they found accessing different parts of the pages used

in the evaluation. All participants found it difficult for both pages. P1 indicated that “he

could not see any distinction between sections at all”. Similarly, P4 highlighted that “it

was very difficult to picture the sections and overall page inmy mind”. On the other

hand, all participants thought that it was quite easy to differentiate sections with the

provided table of contents in the transformed version. Theyindicated that fragmenta-

tion helped them have a good idea about the logical sections in the page. Furthermore,

fragmentation helped them clearly see the distinction between the sections.
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Information Flow

All participants found the amount of information in both pages quite a lot. P1 said

that “when I entered the page, my screen reader told me that there are 123 links which

means this page is quite long”. Similarly, P4 mentioned that“awful lot of links that

were immediately at the top of the page. I didn’t get any information about the page

and started to read immediately the list of links”. However,as P8 indicated “although

there are a lot of information in the page, in my opinion the question is if you can get

to that information and find what you want, in this page it takes you long time to find

what you are looking for”. Compared to the original pages, all participants found the

amount of information in the transformed versions much better. Some participants also

thought the transformed version is much better structured and the sections are clearly

stated, and has less clutter to go through. P8 highlighted that “although there are as

much less information as possible here, you can easily find what you are looking for”.

Moreover, P4 also stressed that “the transformed version turned a huge page into small

manageable bites”. This was quite important concerning theinformation flow.

Directed Search

When participants were asked to perform certain tasks, we realised that expect one

of the participants, all were trying to formulate a number ofkeywords to search in

the page by the CTRL+F command. The participant who did not use this command

had only a year experience of using a screen reader. P4 indicated that “I really like

and use this command (CTRL+F), this gives me a controlled browsing feature and I

do not have to read everything in the page to find something”. Although most of the

participants use this command, one of them indicated (P5) that “when I use Ctrl+F

it is like you want to get the salt from the table and somebody takes your hand gets

the salt, then you would not know what else in the table and what is around it, etc., if

the black pepper is next to it and you need that you wouldn’t know. You have to ask

that person to take your hand again. It is exactly what is happening here”. Although

as this participant stressed, this command does not supportserendipity browsing, it

still helps users to complete certain tasks efficiently and quickly [31]. However, with

our physically transformed pages, participants could not use this command. They had

to move between fragments and then perform this command. We therefore need to

address this issue further. A possible solution would be to have the table of contents at

the top of the original page. This would allow users to have anoverview of the page
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and also use the commands that they are familiar with.

Visual vs. Audio Presentation of a page– Different Perception

This evaluation also highlighted the differences between audio and visual navigation

that have already been discussed in Chapter 2. Figure 6.3 shows how the home page of

Manchester University (see Figure 6.2) is perceived by a screen reader user in audio.

The layout of the page which provides implicit information about the content is missing

in such an audio presentation. For example, the original page has “side-content” and

“main-content” next to each other. However, in the audio presentation the content of

the page is linear. Everything in the page is read like a list.For example, one of the

participants (P1) expressed this as follows for the home page of IMDB: “for a sighted

user, the layout is as follows: the sidebar is on theright, main content is in themiddle

columnand the other sidebar is on theleft, however, for a visually impaired user, the

sidebar is at thetop, the main content is in themiddle rowand the other sidebar is at

the bottom– these are two completely different views of the same page”.Therefore,

the way the table of contents was presented, was appropriatefor the kind of interaction

supported by screen readers. The table of contents was a linear list of links which most

of our participants preferred to the original page.

When our partially sighted user was trying to perform the tasks, we observed that

even though she had a limited view of the page with the screen magnifier, she was still

using certain kinds of travel objects in the page (see Chapter 3). For example, when

we asked her (him) to identify the sections in the home page ofManchester University,

she could easily differentiate the bottom (third) section from the others. She explicitly

stated that the distinctive colour and borders (lines around) 8 helped him (her) enor-

mously identify those sections. However, none of our blind participants could access

such information and therefore could not make use of it. Whenwe also asked our par-

tially sighted participant to find the link to the library, she identified link by using the

provided image. However, none of our blind participants mentioned anything about

the images in the page. Finally, our partially sighted participant indicated that the best

headings for him (her) are the ones with capital letter with different colours, larger font

or bold. Since blind participants cannot access the way headings are displayed, they

paid attention if they were explicitly identified as headings in the audio presentation.

8We referred these kinds of objects asWay Edges(see Section 3.2 in Chapter 3).
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Importance of Explicit Structural Information

We also observed that even the wrong (or inappropriate) structural markup can be

useful. Participants referred highly to the structure of the page as long as their screen

reader informed them. The experience of participants was also an important factor for

making use of such structural information. The more experienced they were, the more

they referred to the structure. This was again the issue of familiarity with the Web. For

example, the list of links in the sidebars of the home page of IMDB (see Figure6.4)

were positioned in tables. Even though, the table structuredoes not indicate anything

about the fact that they are a menu, some of our participants still used tables to make the

distinction between consecutive lists of links. For example, P1 said that “I could detect

only a set of tables and a lot of links so I am guessing that these are different groups of

navigation links”. Another participant (P7) after realised that the table structure used

for menus, started to move from one table to another. So this was quite important for

being able to move easily and confidently in the page. Similarly, the list of links in

the right hand side of the home page of Manchester University(see Figure 6.2), were

actually marked up as paragraphs. So one of the participants(P3) indicated that his

screen reader reads a set of paragraphs and links, thereforehe concluded that they were

consecutive link menus. Therefore, even if the structural markup does not explicitly

provide the correct information, it can still be useful and indicative.

Environment and User’s experience

In this evaluation, it was clear that a number of things had a strong influence on the

mobility of the participants. The following list summarises some of these:

1. Assistive technology(e.g., Jaws): Different versions of the same screen reader

can present the page differently. This obviously affected the performance of

our participants. For example, the generated table of contents for the trans-

formed pages were marked up as nested lists. Although the latest version of

Jawspresents nested lists explicitly, earlier versions did notmake any distinction

between nested lists. Therefore, some participants could not access the logical

relationship between the list items, and consequently the relationship between

sections.

2. Browser(e.g., IE): Some screen readers work better with certain browsers. For
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example, Jaws works much better with Internet Explorer thanwith Mozilla be-

cause of Microsoft’s accessibility support9.

3. Experience of the user(e.g., experienced v.s. novice user): The same version

of a screen reader is used differently by users depending on their experiences.

For example, novice users relied highly on the up and down arrow keys, but

experienced users could easily use the supported functionalities such as the list

of links, headings, etc.

4. Purpose of the user(e.g., browsing a page or looking for something specific):

Some of our tasks were more directed (looking for something specific), in that

case almost all our participants tried to use the command (CTRL+F) to search for

the formulated keywords. However, when they need to performa less directed

task, they were trying to read the page in different ways.

Therefore, in order to improve the mobility of visually impaired users, all these factors

also need to be considered.

Physical vs. Logical Fragmentation

In this evaluation, we compared physical fragmentation of the pages with the original

versions. Although TLX results (Section 6.1.6) and participants’ comments demon-

strated that physical fragmentation improved participants’ experiences and mobility,

there are still some issues that need to be addressed. For example, with the table of

contents, participants could not use some of the commands that they are familiar with

and frequently use. These include searching for a keyword (CTRL+F), accessing lists

of links or headings, etc. Some of the participants indicated that they would like to

have the table of contents at the top of the original page, so that they can read the table

of contents as well as using the commands. The partially sighted participant also indi-

cated that having the table of contents at the top of the original page would allow him

(her) still to see the images and colour contrasts provided in the page. Furthermore,

some participants also commented about the movement between the fragments and

table of contents. They indicated that although physicallybreaking page into smaller

pages helped them see the distinction between sections, sometimes it was demanding

to move between fragments, and the table of contents and fragments.

9For more information, seehttp://www.microsoft.com/enable/.
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Unorthodox Reference Points

We have also observed that some users explicitly referred tocertain elements of the

page to complete their tasks. For example, in the Google results page, for each re-

sult Google associates two links ‘cached’ and ‘similar pages’. We observed that some

participants used these repeated links to make a distinction between the returned re-

sults. We refer to such objects asreference points(see Section 3.2 in Chapter 3). Even

though these links were not visually distinctive (on the contrary they were visually

faded), since they were repeated regularly, blind participants referred to them quite

often. For example, P4 indicated that “I tab through the pageuntil I get to the links

‘cached’ and ‘similar pages’. These are my reference points, when I read them for the

first time I know that it is the first result”. These repeated words were useful to blind

users. Similarly, the partially sighted participant indicated that in order to differentiate

returned results from the rest of the page, she looks for the repeated structure in the

page. She stressed that she visited the Google results page before and knows that the

results are sequentially presented in the same style, so shelooks for repeated style.

All participants at some point in the evaluation also used the top of the page as

a reference point. Whenever they could not continue or were not sure about their

location, they moved to the top of the page to re-orientate themselves and start to read

the page again.

Regularity and familiarity of Environment

There were two kinds of experience which we observed that hadinfluence on the par-

ticipants’ performance: (a) familiarity with the Web (being familiar with general Web

page conventions) and (b) familiarity with a particular page.

Familiarity with the Web We observed that the participants relied on their previous

experiences and knowledge about Web pages when they performed tasks. For example,

one participant (P1) while trying to complete tasks on the IMDB home page mentioned

that “at some point when I read something about languages, I thought that that kind of

information is usually placed at the bottom of the page and I still could not complete

the task, I thought somehow I didn’t realise the content, so Imoved back to the top and

started again”. This participant is actually referring to aconvention which is common

on the Web (but actually is not a standard). Different language options for a page tend

to be placed at the bottom of the page. Therefore, in this caseit is important to make

sure that such kind of options are also at the bottom of the source code so they are
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accessible in the same way to assistive technology users.

Familiarity with a particular page In particular, the effect of previous experience

of using a page was quite obvious in the results page of Google(see Figure 6.1). We

have observed that participants who used Google before knewabout the objects pre-

sented at the top and they somehow used certain techniques toskip those objects.

For instance, one of the participants (P4) indicated that “after you read the page a few

times, you learn how to ignore and skip certain objects”. We observed that experienced

participants actuallyTAB through items at the top without actually reading them. We

have also observed that participants used repeated words orlinks more frequently, if

they have visited that page before. For example, participants who used Google before

for searching, were using “cached” and “similar pages” links that Google provides for

each result to differentiate them.

“How Users Read on the Web”

In this evaluation, it was also obvious that the more experienced the participants were,

the less they relied on the screen reader reading the page to them. The experienced

screen reader users, as sighted users [83], tend not to read the entire page word by

word, but they scan the page. They use different techniques in order to do that. The

following list summarises some of the observed techniques:

• Using TAB key to move link by link;

• Depending on the screen reader, using different reading modes (e.g., table mode);

• Using element by element movements (e.g., paragraph by paragraph movement);

• Using certain functionalities supported by screen readers(e.g., list of links, list

of headings);

• Using Ctrl+F command to search a particular word in the page,they try to for-

mulate a set of keywords depending on the task.

Although experienced users could easily use these techniques, novice users tended to

rely on the way the screen reader renders the page and the bestthey could do was using

the up and down arrow keys.
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Summary of the Results

Fundamentally, the results presented above supported the TLX results discussed in

Section 6.1.6. In particular, participants’ comments suggested that they were in favour

of the transformed pages. In general, their comments were more positive for the trans-

formed version of the IMDB than the Manchester University home page. This was

because they all found the IMDB page more complex and the efficiency of the physi-

cal fragmentation became more obvious for this page. The following list summarises

positive outcomes:

• The orientation and spatial awareness of the participants were better on the trans-

formed pages;

• Participants found it easier to get an overview of the page byreading the gener-

ated table of contents;

• Table of contents also helped participants have an idea about the logical structure

of the page;

• Transformed version considered to be more organised, less cluttered and more

manageable;

• Linear list structure of the table of contents is appropriate for the kind of inter-

action supported by screen readers;

However, this evaluation also highlighted certain issues that need further investigation

about the transformations. These issues can be summarised as follows:

• With the fragmentation, it was not easy to get an idea about the physical size of

the page;

• Participants could not use some of the commands that they arefamiliar with (e.g.,

CTRL+F) in the fragmented pages. Therefore having the tableof contents at the

top of the page itself (i.e., logical fragmentation) would be a better solution;

• The underlying markup of the table of contents need to be re-considered as some

screen readers cannot differentiate nested lists. A possible solution would be

using heading tags rather than list tags;

• Transformation can abolish some of the reference points that participants are

familiar with;
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• Moving between fragments, and table of contents and fragments can be demand-

ing.

In summary, our TLX results, structured interview, and the participants’ comments

all demonstrated the utility of the performed fragmentations. In particular, results

were discussed within the mobility framework and demonstrated that fragmentation

improved the mobility of the participants.

6.2 The Technical Evaluation

It is not easy to evaluate an individual component of Dante. The user evaluation pre-

sented in the previous section focused on particular transformations. Even though the

end-users provided feedback on the transformed pages, their comments were also im-

portant for the annotation component of Dante; the transformations were performed

based on the annotations provided. Therefore, the following list mainly poses some

questions regarding certain aspects of the annotation process and tries to answer them.

Appropriateness of annotations What kind of annotations are both necessary and

sufficient for the desired transformations? This, in essence, is fitness for purpose.

When we first started to experiment with annotating and transforming a page, we

used to annotate every travel object in that page. However, after development and

implementation of a set of transformation techniques (see Section 5.4 in Chap-

ter 5), we started to annotate only the required annotationsfor those transforma-

tion techniques. For example, Table 5.1 shows the type of annotations required

to perform the transformation techniques explained in Section 5.4 in Chapter 5.

Multiple ways of annotations Is it important how you represent the structure of a

page? This depends on the implementation of the transformation techniques. For

example, in the current implementation of the physical fragmentation, we look

for Chunk annotations. Therefore, if something is annotated as a linkmenu,

a new page will not be created for that part of the page. However, we could

improve our implementation by considering the parent-child (is-a) relationships

in the ontology. In this case, a link menu is a kind of list, andlist is a kind of

chunk, therefore a link menu can be treated as a chunk. However, if a part of the

page is annotated as a chunk, that does not provide enough information to decide

whether it is a header and can be removed from the page or not.
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Amount of annotations How much annotation is enough? This again depends on the

transformations that will be performed. For example, if annotations are needed

to add a skip link to the page, then only specifying the headline in the page would

be enough. Whereas if the aim is to logically fragment a page,then chunks and

headings need to be annotated. If there are only two chunks inthe page then

only four annotations are needed (two chunks, two headings). But if there are

more chunks than that, then more annotations are needed. Thestructure of the

page is, therefore, also important.

Fitness of the WAfA ontology (completeness, expressiveness, etc.) Does the ontol-

ogy provide enough or appropriate vocabulary and relationships to annotate Web

pages? This is again fitness for purpose. The existing concepts and the relation-

ships provide enough information to perform the transformations proposed in

the previous chapter. However, the ontology can be easily extended for different

purposes. This ontology provides a generic and flexible framework. Therefore,

for specific kinds of pages (e.g., e-commerce, blogging, etc.,), specific ontolo-

gies can be modelled by extending the WAfA ontology.

Several aspects of the annotation process discussed above aims to clarify the rela-

tionship between the annotation and the transformation processes. In fact, the issues

discussed above demonstrate that an evaluation of the annotation component of Dante

cannot be done on its own. As a conclusion, the quality and quantity of the annotations

depend on the transformation techniques that will be performed.

6.3 Summary and Conclusions

This chapter has presented the evaluation of Dante. Fundamentally, the evaluation

consists of two parts: user and technical evaluation. The aim of the user evaluation was

to demonstrate that the transformations enhanced the mobility of the users. Similarly,

the aim of the technical evaluation was to demonstrate the utility of the annotations

and the WAfA ontology.

The user evaluation was successful in demonstrating the usability of the transfor-

mations. The TLX and structured interview results, and alsoparticipants’ comments

show that transformations enhanced the mobility of the participants. The evaluation

also provided useful information on flaws of the physical fragmentation and the gener-

ated table of contents. Mainly, the results suggest that another follow-up evaluation can
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be useful to further investigate the issues highlighted in this evaluation. Particularly,

the following six issues need to be addressed:

1. Different transformationsDante supports a number of transformations. In this

evaluation, we only considered “physical fragmentation”.Considering different

transformations will enable us to address questions such as: When do we per-

form these transformations?; Does it depend on the task or users’ purpose? or

Does it depend on the Web page? or Does it need to be just users’preferences?

2. Options of transformationsFor some of the above transformations, Dante pro-

vides several options such as removing certain elements or changing their posi-

tions. Therefore, we still need to address questions such asWhich one is better?

Does it depend on the task? Which one is most preferred compared to the oth-

ers? Does it only depend on the user’s preferences or does it depend on the user’s

task?

3. Different Web sitesDo different Web sites require different transformations.

For example, fragmenting search results can be more useful than removing the

header and footer in the page.

4. Different tasksDo different tasks require different transformations? Canpar-

ticipants match their tasks to transformations? Do certaintasks require certain

levels of granularity?

5. Different granularityIn this evaluation, we only compared original pages against

a specific level of fragmentation. However, pages can be fragmented in different

granularity and this needs to be further investigated. Whatis the right level of

granularity for fragmentation? What is the optimum number of fragments? Does

this depend on the task? Does this depend on the user’s preferences? Does this

depend on the kind of Web site?

6. Experience of the userUsers access pages differently depending on their expe-

riences. Does this mean different transformations can workbetter for different

user groups (e.g., experienced, novice)?



Chapter 7

Summary and Conclusions

The Web has offered visually impaired people an unprecedented opportunity to have

the same access to information as their sighted counterparts. However, the visual dom-

inance on the Web has introduced an inequality. This thesis makes a significant con-

tribution to redress this imbalance by providing a set of techniques and principles such

that navigational and structural properties of Web pages can be described and used to

present pages in alternative forms to provide better travelsupport.

This chapter concludes the thesis by summarising the work presented and assessing

the extent to which the research questions set out in Chapter1 have been addressed.

First an overview of the thesis is presented, then the significance of the major results

and the outstanding issues are discussed, and finally directions for future work are

suggested.

7.1 Thesis Overview

For visually impaired users, travelling on the Web is difficult [61, 68, 2, 3, 33]. The

objective of this thesis was to investigate techniques to improve the travel support for

visually impaired Web users [53, 46]. The hypothesis was that if Web pages were

analysed to identify objects that support travel, then these objects could be used to

transform pages into alternative forms to enhance the travel support provided to visu-

ally impaired users.

This hypothesis has been supported by the use of a framework for the identification

of structural and navigational entities and their properties of Web pages. These entities

and properties were encapsulated in an ontology. This ontology, called WAfA, sup-

ports machine processing and has been used as part of a flexible pipeline approach to

142
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annotate and transform Web pages. An experimental test-bed, Dante, has also been im-

plemented which used this pipeline to encode a number of transformation techniques.

Finally, a user evaluation method has been devised and applied which demonstrated

that the travel experience of visually impaired users couldbe improved by adapting

these techniques, and therefore, confirmed our hypothesis.

7.2 Contributions of the Thesis

The research questions stated in Chapter 1 have been successfully addressed by the

following major contributions of the thesis:

(Q1) An extension and modification of the model of travel to provide a better under-

standing of how visually impaired people travel around Web pages [53];

(Q2) the identification of classes of objects that support travelon the Web;

(Q3) the development of a travel analysis framework to extract these objects from a

Web page; the design and application of an evaluation procedure to evaluate this

framework which has demonstrated that the encoded process is systematic and

consistent;

(Q4) the development of the WAfA ontology that encoded knowledgeabout travel

objects in a computationally available form;

(Q5) the identification of three levels of knowledge about Web pages: structural, nav-

igational and contextual which were encoded as three sub-ontologies in WAfA;

(Q6) the design of a methodology which was based on a flexible knowledge-driven

pipeline to annotate and transform Web pages by using WAfA and the develop-

ment of an experimental prototype, Dante, based on this pipeline;

(Q7) the identification of a number of transformation heuristicsthat encapsulate dif-

ferent techniques to transform Web pages into alternative forms and the imple-

mentation of these heuristics in Dante that has shown the utility of WAfA;

(Q8) the design of an evaluation procedure to assess the travel support provided by a

Web page;
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(Q9) the evaluation of transformation techniques encoded in Dante based on this eval-

uation procedure which has shown that the travel experienceof visually impaired

Web users can be improved by these transformation techniques.

7.2.1 The Travel Analysis Framework

The model of travel proposed by Gobleet al. [46] provides an understanding of how

visually impaired people travel around Web pages. This model has been modified and

extended to include a better understanding of the objects, called travel objects [125],

used by travellers to complete a successful journey (seeQ2 on page 17). These objects

have been categorised into three broad categories (1) way points, (2) orientation points

and (3) travel assistants (see Table 3.1 on page 52).

A travel analysis framework has been introduced to analyse Web pages for their

travel support. This framework has been based on the extended model of travel which

has two stages (1) the analysis of Web pages to create an inventory of objects that

support travel and (2) the classification of each object within that inventory regarding

its role in a typical journey. A set of guidelines and questionnaires have also been

created to support these two stages. Although Harper [53] had proposed a mobility

analysis framework, his focus was on providing a mobility rating for a page. The

process suggested by Harper was, however, inappropriate and insufficiently detailed to

be used to inspect Web pages to extract travel objects.

In order to demonstrate that the process encoded in this new framework was sys-

tematic, an evaluation procedure was introduced and applied (seeQ3 on page 17). This

evaluation was successful; the created travel object inventories were highly consistent

between the participants and were able to demonstrate that the process encapsulated

in the framework is systematic and consistent enough to be used as the basis of a

tool [125].

7.2.2 The WAfA Ontology

In order to demonstrate the hypothesis, knowledge about travel objects need to be

made explicit and computationally available. One possibleway of associating infor-

mation with the identified objects is annotation [51]. This requires capturing knowl-

edge about these objects in a way that enables us to perform annotations. Ontologies
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are a widely accepted way of capturing knowledge and of controlled vocabulary cre-

ation [14]. Therefore, the WAfA ontology has been created toencapsulate this knowl-

edge in a machine processable form (seeQ4 on page 18).

Although the identified travel objects provided information regarding the travel

support provided, an understanding of the underlying structure of the Web page was

still lacking. Furthermore, it was observed that HTML does not provide enough infor-

mation regarding the structural and navigational properties of Web pages. It provides

a vocabulary that can be used to markup the physical and presentational properties,

but not the navigational and structural properties relevant for travel. Hence we have

proposed three levels of knowledge about Web pages: structural, navigational and con-

textual knowledge (seeQ5 on page 18) [124, 122, 123].

These three levels of knowledge have formed the three sub-ontologies of WAfA:

authoring, mobility and contextual semantics. Mobility semantics encode knowledge

about the classes of travel objects. Authoring and contextual semantics were based on

the knowledge extracted from the Hypermedia authoring literature [72], transcoding

literature [58, 24], mark-up languages [115], Web Accessibility work [87, 109], voice

interfaces [91] and CSS1 cohort, etc.

WAfA has been designed to provide machine interpretable semantic annotation

support for making implicit travel support explicit. It hasplayed a central role in our

knowledge-driven pipeline Dante. Therefore, apart from technical evaluations, such

as determining consistency, completeness and redundancy [47], it was meaningless to

evaluate WAfA on its own. In this thesis, the evaluation of WAfA has been performed

pragmatically within our experimental prototype, Dante, by assessing its competence

in satisfying the requirements of the pipeline. WAfA was implemented, deployed,

and evaluated incrementally to ensure that it was in a satisfactory form to support the

annotation and transformation processes encoded in Dante.

7.2.3 Dante: Annotating and Transforming Web Pages

A knowledge-driven pipeline has been introduced to annotate Web pages with the

WAfA ontology and transform them accordingly (see Figure 5.7 on page 96). This

pipeline has provided the flexibility to allow annotations to arrive in different formats

from different origins. It has enabled annotation and transformation processes to work

1Seehttp://www.w3.org/Style/CSS/.
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together but still to be loosely coupled enough to support the usage of alternative im-

plementations for both components. This pipeline approachhas shown how the WAfA

ontology can be used to annotate Web pages (seeQ6 on page 19).

Dante, our experimental test-bed, has been designed and implemented based on

this knowledge-driven pipeline. A survey revealed that most of the existing anno-

tation tools focus on the annotation of the content rather than the structure of the

pages. Furthermore, even though these annotation tools could be used to annotate

Web pages, none of them addresses the issue of creating relationship(s) between anno-

tations. Therefore, in Dante an existing tool, the COHSE annotator, has been used and

another tool, called the Dante RDF editor, has been developed to create relationship(s)

between annotations. The properties in WAfA and the unique identifiers generated by

the COHSE annotator have been used to create RDF triples to represent relationships

between annotations (e.g.,has-direct-part, has-heading, etc) (see Section 5.3 on 97).

These RDF triples and annotations were then used by the Dantetransformer to present

pages in different ways. A number of transformation heuristics have been introduced

and implemented in Dante to mainly address both mobility principles and instruments

(Table 5.3 on page 102).

These heuristics have shown the utility of WAfA annotationsin the transformation

process (seeQ7 on page 20). The experiments performed with these heuristics have

also shown that annotating Web pages, both with mobility andauthoring semantics,

can be redundant. Annotating pages only with authoring semantics provide enough

information to perform transformations. However, mobility semantics have been used

implicitly in the entire process of annotation and transformation. Further experimenta-

tion with different pages has also demonstrated that the quality and the quantity of the

annotations depend on both the transformation heuristics performed and the complex-

ity of the page.

The WAfA ontology has provided a more extensive and expressive vocabulary for

markup than has gone before. Furthermore, Dante is based on amodel of travel and

has focused on addressing the differences between audio andvisual navigation, often

neglected in most Web accessibility work [87, 109, 8, 9].

In order to demonstrate that the transformed versions of Webpages provide better

travel support, a method was needed to evaluate the providedtravel support (seeQ8 on

page 20). Therefore, a task based user evaluation procedurehas been developed [120,

57, 38] and has been used to evaluate Dante. In summary, participants have been asked

to perform a number of tasks on both the original and the transformed versions of a
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number of pages. The results have confirmed that participants perform better on the

transformed pages than the original versions (seeQ9 on page 20).

7.3 Outstanding Issues

Despite the contributions arising from this work, there aresome outstanding issues

which are discussed below.

Manual annotations In the experimental prototype of Dante, Web pages have been

annotated manually by using the COHSE annotator. Although this was used to

demonstrate the utility of WAfA annotations, manual annotation is an expensive

and time-consuming process. Moreover, even small changes on a page can eas-

ily invalidate the annotations (see Section 5.4.4 on page 112) and dynamically

generated pages cannot be annotated. Therefore, techniques need to be further

investigated to automate the annotation process (see Figure 7.1).

Design methodologies[95] presents how WAfA annotations can be generated

with a design methodology called WSDM. There are a number of other

methodologies for designing Web pages (WebML [23], OOHDM [100],

etc.) which can also be extended with a similar approach to generate WAfA

annotations.

Content Management Systems (CMS)Manage the content creation and de-

livery processes of a Web site. A pilot CMS can be extended to assess the

viability of generating WAfA annotations automatically.

Annotation Heuristics A number of guidelines have been included in the travel

analysis framework to identify travel objects. These guidelines can be used

as the basis of a set of heuristics to identify travel objectsautomatically.

Generic heuristics can be created for different kinds of pages or private

heuristics can be created for specific pages.

Combination of Heuristics In Dante, transformations have been performed individ-

ually. However, as discussed in Chapter 5, some of the transformation heuristics

can be applied together. A systematic technique can be further investigated to

combine these heuristics. This also requires the technicallimitations of annotat-

ing resources with XPointers to be addressed.
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Re-implementation of the Dante pipelineThe Dante pipeline has been implemented

within the Mozilla platform. However, it can be re-implemented as a plug-in to

other browsers such as IE. As highlighted in Chapter 6, some screen readers

work better with certain browsers. For example, Jaws works better with IE. In

addition to this alternative browser extension, Dante can also be implemented

on the server side or as a proxy server. A browser implementation will always

have the shortcoming of requiring users to have experience with that particular

browser. A proxy implementation will have the advantage of being platform

and browser independent. Figure 7.1 depicts how Dante can bere-implemented

either on the server side, client side or as an intermediary service such as a proxy

server.

User Evaluation The user evaluation conducted, has focused on a particular transfor-

mation technique. As it is discussed in Section 6.3 (page 140), it is important

to have a follow-up evaluation to address different transformations, options of

transformations, different Web sites, different tasks, different granularity and the

experience of the participants.

7.4 Future Work

The contributions of this thesis and the limitations discussed above have suggested

several promising paths for future research.

Classification of Web pagesAmitay et al. (2003) classify Web sites into seven types

depending on their functionality (e.g., corporate, searchengine, etc.) [6]. Their

hypothesis is that sites with a similar role exhibit similarstructural patterns. A

similar hypothesis would imply the viability of categorising Web pages with

respect to their navigational and structural properties using the WAfA ontology.

Using Dante in a Different Context Although the Dante approach, particularly the

annotation pipeline, has been proposed for visually impaired users other user

groups may also benefit. For example, Web pages can be annotated and trans-

formed to meet the requirements of small screen device usersor to support in-

ternationalisation2. The WAfA ontology can also be extended to address the

requirements of small screen devices. For example, Horiet al. (2000) use a

2Seehttp://www.w3.org/International/.
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Figure 7.1: Possible applications of Dante.

vocabulary (e.g., fidelity, device capability, etc.) to annotate Web pages in order

to be able to adapt for small screen devices [59]. This vocabulary can easily be

integrated into the WAfA ontology.

Reasoning Support When we annotate a Web page with the WAfA ontology, we ac-

tually create an instance store for the WAfA ontology. Therefore, the function-

alities of instance stores3 can be further investigated to support better reasoning

for transformation techniques.

Extending Transformation Heuristics The transformation heuristics presented can

easily be extended or new heuristics can be introduced. The WAfA ontology

provides extensive knowledge about the page structure which can easily be used

in different ways. For example, different summarisation techniques can be ap-

plied by using certain elements (e.g.,Chunk, LinkMenu, etc.). Moreover,

3An application that supports reasoning over individuals, seehttp://instancestore.man.
ac.uk/.
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transformation heuristics can also be introduced for specific kinds of pages, for

example in Web directory pages, a possible transformation heuristic would be to

remove all the objects in the page in order to leave only theWebDirectory

object, this will allow users to easily access that object.

Using Contextual SemanticsAlthough some concepts, calledcontextual semantics,

have been defined in the WAfA ontology they have not been used in Dante.

Therefore, a possible extension to the transformation techniques would be using

this sub-ontology to capture more information about the users’ purpose and then

to transform pages accordingly (see Section 4.3.3 on 84).

Reuse Annotations and the Model of Web Pages[107] proposes techniques to reuse

annotations for one page on another page that has a similar structure. This tech-

nique could be extended by using the object inventory created by the WAfA

ontology to compare pages for their structural and navigational similarities. If

these pages have a similar structure and navigation pattern, then the annotations

could be migrated to those pages as well.

Even though this chapter concludes this thesis, in fact it does not provide an ‘end’ to

the research but it provides a ‘beginning’ to further research. The Web plays an im-

portant role in many areas of our lives (e.g., education, employment, government, etc.)

and as Henry states “an accessible Web that allows people with disabilities to actively

participate in society is essential for equal opportunities in many areas”4 [109]. This

thesis provides encouraging results to realise this by solving the problems that discour-

age visually impaired users from accessing Web pages. The work presented in this

thesis will provide a firm foundation for ongoing research into supporting better Web

accessibility for visually impaired users.

4Seehttp://www.w3.org/WAI/intro/accessibility.
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Appendix A

The Travel Analysis Framework

A.1 The Evaluation Materials

1 How was your understanding of travel on the web before the analysis?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

2 How is your understanding of travel on the web after the analysis?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

3 How easy did you find the overall framework?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

4 How easy did you find first part which is creating the travel object inventory?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

5 How easy did you find the classification of travel objects (Answering the questionnaire)
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

6 How difficult did you find answering the questions as ‘yes’ or ‘no’?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

7 How confident were you during the analysis?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

8 How subjective did you find the questionnaire (Classifications of the travel objects)?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

9 How useful did you find the guidelines?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

10 How useful did you find the examples?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

11 Did you use the definitions of the classifications of the travel objects?
2 Not good at all2 Not very good2 Moderately good2 Quite good2 Very good

Table A.1: Questions for the overall evaluation of the framework.
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Role
Decision Points

Travel Support

Travel Objects

Direction

Location&Position

Identification Point

Alert

WayEdge

Navigation Points

Reference Points 
(Landmarks)

Reference Point 
Component

Is it a salient object (strong or prominent)?

Is it a linear or continuous element?
Is it a linear element that serves as dividing line between parts of the environment?
Can it be used to move from one place to another in the environment?

Can it be considered as a passive information supply?
(The traveller is not involved in the information supply process) & (Information about environment)

Does it show previously visited places?
Does it show where the traveller has been?

Travel Aid

Travel Memory

Attention

Information Point

Does it provide sufficient information to identify the exact position of the traveller itself?

Does it identify a part of the environment or another travel object?

Can it be used to identify the destination on arrival?

Does this object show which direction the traveller can move along?
(Does it show the possible directions that the traveller can move along?)

Does this object show which direction the traveller is moving along?
(Does it show the current direction?)

Is it used to describe something?

Is it adequate for determining one's position in the environment?

Is it used to separate two regions of the page?

Can it be used to move either within a page or between pages?(Where can I go?) 
Does it provide a possible route that a traveller exercises some control by choosing to follow or not to follow it?

Can it be combined with other travel objects which allow a traveller to determine his (her) 
exact (precise) position in the environment?

Does the object record information about the travel undertaken so far?

Can it be considered as memorable or easy to memorize object?
(After the traveller leaves the environment, is it likely that he/she will remember this object and it's location in the 
environment. Thus when he/she will revisit, will this object help him/he

Does it help the travellers place themselves within the environment? (Does it help the travellers know where they 
are in the environment?)

Can it be considered as a distinctive, recognizable or unique feature of the environment?

Does it explicitly  show where the traveller is within the environment?
(For example: It could be an object that shows where the traveller is in the active site, for instance, 
Home>Education)Does it explicitly  help the traveller keep track of the position in the environment?

Would it be easily identified in the environment for any of the following reasons?(Size, color, architectural design, 
shape, physical properties, frequently used, function or meaning) 
(i.e Can it be easily differentiated in the environment from any of th

Does it issue a warning to the traveller?
Does it attract the traveller's attention?
Does it have a different context from the general context of the environment?

Does it show how far is the traveller from the starting point?
Does it show how far is the traveller from a destination?

Is it a distinguishable property of a part of the environment or another travel object?
Does it show a change in the environment?

Distance

Does it provide an overview of the environment?
Is the traveller able to control what information is revealed?

Does it show how the traveller can get back to where he (she) was?

Does it notify the user of approaching action or danger?

Questions 

Does it provide a kind of border to another object?
Is it used to break continuity?

Does it provide a set of options (more than one) for making a decision about a journey? 

Does it provide an automated journey?

Does it change the focus of a traveller?
Can the traveller ask for detail information about the environment?

Does the traveller control the type and amount of information request from this object?(Information about 
environment)

Does it provide a medium for direct request of information (two-way communication)? (Information about 
environment)

Does the user need to initiate the request for information?

Figure A.1: The travel object classification questionnaire.



Appendix B

The WAfA Ontology

B.1 Authoring Semantics

The root concept for this sub-ontology isAuthoringConcept. This concept has

four children: Atom, Chunk, Node andCollection. Table B.1 shows a hier-

archical view of the high-level concepts of this part of the ontology. The concept

Node represents a Web page and has only one child which isHomePage and the

conceptCollection represents a Web site. The conceptsAtom andChunk sub-

sume a number of concepts which are explained in Section B.1.1 and Section B.1.2

respectively. There are also a number of concepts that are included in the ontology

to defineAuthoringConcepts. These concepts are:Connection, Coverage,

Position, Order andStructure. Each of these concepts and their children are

explained in Section B.1.31.

B.1.1 The Concept ‘Atom’

This concept represents a coherent object that cannot be logically decomposed. Ta-

ble B.2 shows a hierarchical view of the children of this concept which are explained

as follows (The prefix “wafa” represents the URI of the WAfA ontology):

Advertisement Is usually a graphical, animated (dynamic) object that is used to ad-

vertise another page and provides link to that page.

Class(wafa:Advertisement partial wafa:Atom

restriction(wafa:has-partsomeValuesFrom wafa:Link))

1For some of the descriptions, WordNet (http://www.cogsci.princeton.edu/∼wn/) and
Dictionary.com (http://dictionary.reference.com/) are used.

165
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Part of the Ontology Concept(Children ofThing) Page No.
Object

Authoring AuthoringConcept
Semantics: Atom Page 165

Chunk Page 170
Node
Collection

Defining Authoring Connection Page 176
Semantics: Coverage Page 176

Position Page 177
Order Page 178
Structure Page 178

Table B.1: The overview of the Authoring Semantics.

AdvertisementBanner A banner that is used to advertise another page (Node) or site

(Collection). This concept is also a child of theBanner concept.

Caption A title, short explanation or description accompanying an illustration for ex-

ample a table or a figure.

FigureCaption A caption particularly used to describe or identify a figure.

Class(wafa:FigureCaption partial wafa:Caption

restriction(wafa:is-caption-ofallValuesFrom wafa:Figure))

TableCaption A caption particularly used to describe or identify a table.

Class(wafa:TableCaption partial wafa:Caption

restriction(wafa:is-caption-ofallValuesFrom wafa:Table))

Heading Indicates what the passage below is about (e.g., H1-H6 HTML tags).

Headline Is a widely known concept in newspapers; it is usually set in large type

to indicate an important or sensational piece of news. In thecontext of Web

pages, it is the highlighted heading which can be the latest updated or the most

important heading in the page.

SectionHeading Is a heading that is used to identify a particular section.

Class(wafa:SectionHeading partial wafa:Heading

restriction(wafa:is-heading-forallValuesFrom wafa:Section))
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Concept(Children ofAtom) Page No.
Advertisement Page 165
AdvertisementBanner Page 165

Caption Page 166
FigureCaption Page 166
TableCaption Page 166

Heading Page 166
Headline Page 166
SectionHeading Page 166

Label Page 166
Link Page 168
Note Page 168
Citation Page 168
Footnote Page 168
Copyright Page 168

NB Page 168
PS Page 168

Separator Page 168
Boundary Page 169
Banner Page 169
AdvertisementBanner Page 165
TitleBanner Page 169

Space Page 169
SymbolSeparator Page 169

SpecialGraphic Page 169
Banner Page 169
Icon Page 169
Logo Page 169

Title Page 169
TitleBanner Page 169

Table B.2: The overview of the concept “Atom”.
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Label Identifying marker attached to an object; usually used witha form element.

Link Is used to provide a link to objects (Atom,Chunk or Node) and has a URI2

definition normally used in conjunction with HTML anchor (A)element. This

concept subsumes the following concepts:

ReferentialLink Provides a link between an item of information and an elabo-

ration or explanation of that information [72].

AssociativeLink Is used to maintain semantic relationship between the linked

elements. A good example is a link that is used for cross-referencing [72].

StructuralLink Is used to maintain the structure of the document, but it does

not provide any semantic relationship between the linked information [72].

SkipLink A link that enables users, in particular visually impaired users, to

avoid certain areas that are considered as obstacles or not of interest. For

example, a skip link is usually provided to skip a header or sidebar [109].

ToTextOnlyPage A Link that can be used to move to the text only version of a

page.

Note A comment that is usually added as supporting information tothe main content

of the document- additional information.

Citation A reference or quotation; a short note recognised a source ofinformation or

of a quoted passage.

Footnote In printed documents, it is a note placed below the main body of the text on

a page or can be defined as a note to explain, comment on or provide references

for an information in a document.

Copyright Is copyright note that is usually located at the bottom of a Web page.

Class(wafa:Copyright partial wafa:Footnote

restriction(wafa:has-partsomeValuesFrom wafa:CopyrightSymbol))

NB Nota bene. Usually used to direct attention to something particularly important.

PS Postscript. A note appended to a letter after a signature.

2Seehttp://www.w3.org/Addressing/
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Separator Is usually used to separate one object from the others. It canalso be con-

sidered as a delimiter.

Boundary Indicates the limit or extend of other objects. It usually determines the

limits of an area and indicates a border or limit.

Banner Has a variety of rectangular or square shapes and is meant to catch the im-

mediate attention of the visitor. It can include text, graphic and animation. This

concept has two children:AdvertisementBanner andTitleBanner.

Space This concept represents a white space that is usually used toseparate items of

a list or paragraphs.

SymbolSeparator An arbitrary sign that has acquired a conventional significance.

On Web pages, a set of special characters are used for specificpurposes. For

example, ‘vertical bar’ is usually used to separate a link from others in a link

menu. This concept subsumes the following concepts:

CommaSeparator Represents the punctuation mark ‘,’ that is used to separate

elements.

CopyrightSymbolSeparator Represents the symbol: ‘c’ inside a circle.

DashSeparator Represents the punctuation mark ‘-’.

TriangleLeftSeparator Represents the triangle symbol pointing left.

TriangleRightSeparator Represents the triangle symbol pointing right.

VerticalBarSeparator Represents the “vertical bar” character.

SpecialGraphic Images with a special purpose conveying additional meaning.

Icon A graphic symbol (usually a simple picture) that denotes a concept in a graphical

system.

Logo An emblem or device used to orientate users to their environment.

Title An identifying name given to aNode (e.g., a Web page).

TitleBanner Is usually at the top and presents the title of the page. It usually runs

across the full page and provides a kind of boundary at the top. This concept is

also a child of theBanner concept.
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B.1.2 The Concept ‘Chunk’

Several objects grouped together to form a coherent unit. Table B.3 shows a hierarchi-

cal view of the children of this concept which are explained as follows:

Figure A diagram or picture illustrating textual material.

Class(wafa:Figure partial wafa:Chunk

restriction(wafa:has-captionallValuesFrom wafa:FigureCaption))

Footer Is typically positioned at the bottom of a page and includes information about

the designer or the company, copyright information and a list of links.

Class(wafa:Footer partialChunk

IntersectionOf(

restriction(wafa:is-positioned-atallValuesFrom wafa:Bottom)

restriction(wafa:has-direct-partsomeValuesFrom

unionOf(wafa:Logo wafa:Link wafa:LinkMenu wafa:Copyright))))

RunningFooter A footer that is positioned at the bottom of every page in a site or on

a group of pages in a site.

Header Is typically printed at the top of a page and includes, for example, a company

logo, the title of the page, list of links and sometimes a search engine.

Class(wafa:Header partialChunk

IntersectionOf(

restriction(wafa:is-positioned-atallValuesFrom wafa:Top)

restriction(wafa:has-partsomeValuesFrom

unionOf(wafa:Logo wafa:Banner wafa:SearchEngine

wafa:LinkMenu wafa:SkipLink))))

RunningHeader A header that is positioned at the top of every page of a site oron a

group of pages in a site.

List Contains an array of items.

BreadcrumbTrail Representation of where and how information is located within a

Web site. It allows a user to link to major categories of information along a

continuum of sequential order.
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Concept(Children ofChunk) Page No.
Figure Page 170
Footer Page 170
RunningFooter Page 170

Header Page 170
RunningHeader Page 170

List Page 170
BreadcrumbTrail Page 170
NavigationalBreadcrumbTrail Page 170
AttributeBreadcrumb Page 173
LocationBreadcrumb Page 173
pathBreadcrumb Page 173

DefinitionList Page 173
NavigationalList Page 173
OrderedList Page 175
UnorderedList Page 175

ReferentialChunk Page 175
SearchEngine Page 175
Section Page 175
Abstract Page 175

Sidebar Page 175
Summary Page 175
Abstract Page 175
PageSummary Page 175
SiteSummary Page 176

Table Page 176
DataTable Page 176
LayoutTable Page 176

Table B.3: The overview of the concept “Chunk”.
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Concept(Children ofNavigationalList) Page No.
Bookmark Page 173
Favourites Page 173
ShoppingCart Page 173

Drectory Page 173
SiteMap Page 174
WebDirectory Page 174

FAQ Page 174
HistoryList Page 174
pathBreadcrumb Page 173

Index Page 174
SiteIndex Page 174

LinkMenu Page 174
DropDownLinkMenu Page 174

NavigationalBreadcrumbTrail Page 170
AttributeBreadcrumb Page 173
LocationBreadcrumb Page 173
pathBreadcrumb Page 173

TableOfContent Page 174

Table B.4: The overview of the concept “NavigationalList” (see Table B.3).

Concept(Children ofOrderedList) Page No.
AttributeBreadcrumb Page 173
Directory Page 173
SiteMap Page 174
WebDirectory Page 174

HistoryList Page 174
pathBreadcrumb Page 173

Index Page 174
SiteIndex Page 174

LocationBreadcrumb Page 173
TableOfContent Page 174

Table B.5: The overview of the concept “OrderedList” (see Table B.3).
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NavigationalBreadcrumTrail Provides information about the location of a page with

respect to the overall structure of a site. The main difference between this and

theBreadcrumbTrail concept is that the latter does not include links.

LocationBreadcrumb Conveys the position of the current page within the site hier-

archy. A page has the same breadcrumb trail, no matter how users get there.

Class(wafa:LocationBreadcrumb partial

restriction(wafa:has-ordersomeValuesFrom wafa:HierarchicalOrder))

AttributeBreadcrumb Some sites use breadcrumbs like navigational features as meta-

information to describe components of the site. Links are provided in a bread-

crumb manner instead of a flat list of keywords.

Class(wafa:AttributeBreadcrumb partial

restriction(wafa:has-ordersomeValuesFrom wafa:HierarchicalOrder))

PathBreadcrumb Shows the path the user has taken within the site to get to the cur-

rent page. A page can have different breadcrumbs based on howusers get there.

Class(wafa:PathBreadcrumb partial

restriction(wafa:has-ordersomeValuesFrom wafa:TemporalOrder))

DefinitionList Is used to present the definitions of a list of items (e.g., HTML DL

element)

NavigationalList A list of links (items have to provide navigation support). Links do

not need to be presented in a specific order.

Class(wafa:NavigationalList partial wafa:List

restriction(wafa:has-PartsomeValuesFromLink))

Bookmark Used to mark a page or a specific place in a page for later retrieval.

Favourites List of links bookmarked on personal pages for later retrieval. Typically

users bookmark pages for their future journeys and as a reference for others.

ShoppingCart Is synonymous to a shopping basket. It is usually used to bookmark a

set of pages or items on a shopping site so that they can be usedin the payment

process.
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Directory supports organisation of links in a hierarchical structure. Since it has a spe-

cific order, it is also a child ofOrderedList.

Class(wafa:Directory partial

unionOf (wafa:NavigationalListwafa:OrderedList)

restriction(wafa:has-ordersomeValuesFrom wafa:HierarchicalOrder))

SiteMap Provides a well structured view of pages in a site. It usuallyshows the

categories of links, ordered in a specific sequence used to show the structure and

overview of the site.

WebDirectory Provides links to different web sites in a well structured way (e.g.,

Google directory page).

FAQ Is a list of questions that are frequently asked about a specific topic along with

their answers.

HistoryList Provides links to the pages that the user has visited before.It usually

presents the links in a particular time order therefore it isalso a child of the

OrderedList.

Class(wafa:HistoryList partial

unionOf (wafa:NavigationalListwafa:OrderedList)

restriction(wafa:has-ordersomeValuesFrom wafa:TemporalOrder))

Index Provides links to pages in an alphabetical order based on keys (or keywords),

each of which identifies a page. This concept has only one child which is

SiteIndex.

Class(wafa:Index partial

unionOf (wafa:NavigationalListwafa:OrderedList)

restriction(wafa:has-ordersomeValuesFrom wafa:AlphabeticalOrder))

SiteIndex provides an alphabetical list of links to pages within a site.

LinkMenu A list of links that are meant to represent a menu. This concept has one

child: DropDownLinkMenuwhich is meant to represent a menu where options

appear below the item when the user clicks on them.

TableOfContent Outlines the content of a site or a page in a structured manner.
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Class(wafa:HistoryList partial

unionOf (wafa:NavigationalListwafa:OrderedList)

restriction(wafa:has-ordersomeValuesFrom

unionOf (wafa:HierarchicalOrderwafa:SpatialOrder)))

OrderedList Is a list of items in a specific order (e.g., HTML OL tag). This con-

cept subsumes a number of concepts which are:Directory, HistoryList,

Index, AttributeBreadcrumb, LocationBreadcrumb and

TableOfContent (see Table B.5).

Class(wafa:OrderedList partial wafa:List

restriction(wafa:has-ordersomeValuesFrom wafa:Order))

UnorderedList Is a collection of related items that have no special sequence or order

(e.g., HTML UL tag).

ReferentialChunk Is typically used to provide a summary of a page and a link to that

page. It provides referential information [72]. It typically contains a heading, a

small paragraph of text and a small image that is used to illustrate the content. It

is used to introduce the target page and provide link so that the user can follow

in order to get further information.

Class(wafa:ReferentialChunk partial wafa:Chunk

intersectionOf(

restriction(wafa:has-partsomeValuesFrom wafa:ReferentialLink)

restriction(wafa:support-connection

someValuesFrom wafa:ReferentialConnection)))

SearchEngine Consists of an edit box, a button and is usually identified by aLabel.

It could be used to search the site or the Web.

Section A self-contained part of a page.

Abstract A sketchy summary of the main points of an argument or theory.

Sidebar Is similar to frames and typically used to provide navigational features. It can

also be referred to as a navigation bar and usually positioned either on the left or

right side of the page.

Summary A brief statement that represents the main points in a concise form.
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PageSummary A chunk that provides a summary of the page.

SiteSummary A chunk that provides a summary of a site.

Table Is a tabular array. A set of data arranged in rows and columns.

DataTable A table used to organise data rather than layout of a page.

LayoutTable A table used to organise layout of a page.

Toolbar A list of actions (or verbs) represented by icons.

B.1.3 Concepts to describe Authoring Semantics

This section presents concepts that are mainly introduced in the ontology to describe

AuthoringConcepts. These concepts are:Connection,Coverage,Position,

Order andStructure. Table B.6 provides a hierarchical view of these concepts

which are explained as follows:

Connection The context of the connections (links) between objects (Collection,

Node, Chunk or Atom) [72]:

AssociativeConnectionConnecting (linking) objects based on the similarity of

their context. Instantiation of a semantic relationship between information

elements or can be defined as creating links based on meaning and cross

referencing of objects.

ReferentialConnection Connecting (linking) objects based on an elaboration

of the information or can be defined as providing a link between an item

of information and an elaboration or explanation of that information. The

item at one end of a referential link exists because of the existence of the

other item (e.g., a link from a word to its definition).

StructuralConnection Connecting (linking) objects based on the maintenance

of the structure of the docuverse or can be defined as providing a form for

the information space which allows users to develop an understanding of

its scale and their location within the space. This kind of connection does

not imply any semantic relationships between linked information.

Coverage The range over which mobility concepts are applied or to extend to which

something is covered.
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Concept(Children ofThing) Page No.
Connection Page 176
AssociativeConnection Page 176
ReferentialConnection Page 176
StructuralConnection Page 176

Coverage Page 176
CollectionWide Page 176
Inter Page 177
Intra Page 177

Position Page 177
Bottom Page 177
Side Page 177
Top Page 177

Order Page 178
AlphabeticalOrder Page 178
HierarchicalOrder Page 178
NumericalOrder Page 178
NumericalOrder Page 178
SpatialOrder Page 178
TemporalOrder Page 178

Structure Page 178
Hierarchy Page 178
Linear Page 178
Matrix Page 178
Network Page 178

Table B.6: The overview of the concepts used to describe “AuthoringConcepts” (see
Table B.1).

CollectionWide Covers mobility WITHIN aCollection (e.g., site).

Inter Covers mobility BETWEENNodes (e.g., pages).

Intra Covers mobility WITHIN aNode (e.g., page).

Position These concepts can be used to show the position of the objectswithin a page.

The aim of this concept is not to provide the actual physical position but to make

the implicit logical position information explicit.

Bottom Bottom of aNode (e.g., page).

Top Top of aNode (e.g., page)
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Side The object is positioned either at the right or left of the page, but that is not

really important, the important thing is the notion of beingon the side.

Order These concepts can be used to indicate the order of organisation of the compo-

nents of an object.

AlphabeticalOrder Components are arranged in an alphabetical order.

HierarchicalOrder Components are arranged in a hierarchical order.

NumericalOrder Components are arranged in a numerical order.

SpatialOrder The physical ordering of the components is meant to represent

the logical ordering of the components.

TemporalOrder Components are ordered in a time based manner, the sequence

of the items happens in a specific order in a time span.

Structure These concepts are concerned with maintaining the structure of the docu-

verse either as aCollection, Node, Chunk or Atom of information. For

example, the structures defined below (e.g., linear) can be used either to repre-

sent the complete structure of a site (Node structure in aCollection) or they

could be an internal structure of a page (Chunk or Atom structure in a page).

Hierarchy Each chunk of information (Collection,Node,Chunk orAtom)

is connected such that superior nodes are connected to interior nodes (pro-

vided connections tend to show parent-child relationship).

Linear Each chunk of information (Collection, Node, Chunk orAtom) is

connected in a linear structure such that it can be followed in a stepwise

manner (like a guided tour).

Matrix Each chunk of information (Collection, Node, Chunk or Atom)

is connected to all its neighbours in a matrix structure.

Network Each chunk of information (Collection, Node, Chunk or Atom)

is connected to other chunks based on their associative context (like graph)

and does not maintain a rigid structure.
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Property Page No.
has-footnote Page 179
is-footnote-for Page 179
has-order Page 179
has-part Page 180

has-direct-part
has-title Page 180
has-caption Page 180
has-label Page 180
has-heading Page 180

has-structure Page 180
has-summary Page 180
is-summary-of Page 180
is-part-of Page 181

is-direct-part-of
is-caption-of Page 181
is-label-for Page 181
is-heading-for Page 181

is-positioned-at Page 181
supports-movementPage 181

Table B.7: The overview of the properties used to describe “AuthoringConcepts”.

B.1.4 Properties of Authoring Semantics

This section explains the properties or structural abstractions defined in the ontology.

These properties are particularly introduced in the ontology to define Authoring Se-

mantics and can be explained as follows:

has-footnote To specify that an object has a particular footnote associated with it.

ObjectProperty(wafa:has-foootnote

inverseOf(wafa:is-footnote-for)

range(wafa:Footnote))

is-footnote-for To indicate that a footnote is associated with a particular object.

ObjectProperty(wafa:is-foootnote-for

inverseOf(wafa:has-footnote)

domain(wafa:Footnote))

has-order To indicate the order that objects are presented.
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ObjectProperty(wafa:has-order

range(wafa:Order))

has-part To specify parts of an object.

ObjectProperty(wafa:has-part

inverseOf(wafa:is-part-of))

has-direct-part Introduced to be able to create restrictions about the direct parts.

has-title To specify the title of an object.

ObjectProperty(wafa:has-title

range(wafa:Title))

has-caption To indicate the caption of an object.

ObjectProperty(wafa:has-caption

range(wafa:Caption))

has-label To specify a label for an object.

ObjectProperty(wafa:has-label

range(wafa:Label))

has-heading To indicate the heading of an object.

ObjectProperty(wafa:has-heading

range(wafa:Heading))

has-structure To specify the underlying structure of an object.

ObjectProperty(wafa:has-structure

range(wafa:Structure))

has-summary To specify the summary of an object.

ObjectProperty(wafa:has-summary

inverseOf(wafa:is-summary-of))

range(wafa:Summary))

is-summary-of Inverse ofhas-summaryproperty. It can be used to indicate which ob-

ject does the summary object summarise.
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ObjectProperty(wafa:is-summary-of

inverseOf(wafa:has-summary))

domain(wafa:Summary))

is-part-of Inverse ofhas-partproperty.

ObjectProperty(wafa:is-part-of

inverseOf(wafa:has-part))

has-direct-part Introduced to be able to create restrictions about the direct parts.

is-caption-of Inverse ofhas-captionproperty.

ObjectProperty(wafa:is-caption-of

inverseOf(wafa:has-Caption))

domain(wafa:Caption))

is-label-for Inverse ofhas-labelproperty.

ObjectProperty(wafa:is-label-for

inverseOf(wafa:has-Label))

domain(wafa:Label))

is-heading-for Inverse ofhas-headingproperty.

ObjectProperty(wafa:is-heading-for

inverseOf(wafa:has-heading))

domain(wafa:Heading))

is-positioned-at To indicate the logical position of an object.

ObjectProperty(wafa:is-positioned-at

range(wafa:Position))

supports-movement To indicate the mobility coverage of an object.

ObjectProperty(wafa:supports-movement

range(wafa:Coverage))

B.1.5 Meta-Knowledge about Authoring Semantics

The following list shows some meta-knowledge included in the ontology about con-

cepts in the Authoring Semantics part. For example, (4) indicates that an object cannot



APPENDIX B. THE WAFA ONTOLOGY 182

Concept(Children ofPurpose) Page No.
ObjectPurpose Page 182
AidsExternalMemory Page 182
AidsNavigation Page 183
AidsOrientation Page 183

TravellerPurpose Page 183
Browsing Page 183
CasualBrowsing Page 183
OpportunisticBrowsing Page 183
systematicBrowsing Page 183

Monitoring Page 183
Observing Page 183
Querying Page 183
Scanning Page 183
Searching Page 183

Table B.8: The overview of the concepts used to describe the concept “Purpose”.

be aNode and anAtom at the same time. Similarly, (8) indicates that an object cannot

be aChunk andAtom at the same time.

(1) DisjointClasses(wafa:Top wafa:Bottom)

(2) DisjointClasses(wafa:Collection wafa:Node)

(3) DisjointClasses(wafa:Chunk wafa:Collection)

(4) DisjointClasses(wafa:Node wafa:Atom)

(5) DisjointClasses(wafa:Footnote wafa:Heading)

(6) DisjointClasses(wafa:Header wafa:Footer)

(7) DisjointClasses(wafa:Collection wafa:Atom)

(8) DisjointClasses(wafa:Chunk wafa:Atom)

(9) DisjointClasses(wafa:Chunk wafa:Node)

B.2 Contextual Semantics

This section describes the concepts in the contextual semantics. All the concepts de-

fined here are subsumed by the conceptPurpose. Table B.8 shows the hierarchical

view of the children of this concept that are explained as follows:

ObjectPurpose Shows the intention of an object in an environment rather than the

purpose of a traveller (reader).
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AidsExternalMemory Knowledge is the ability to recognise environmental and

spatial information from sources of learnt knowledge either from external

sources like maps, or directly from mental recall. Externalmemory is the

provision of these external sources of learnt knowledge (e.g., maps, guides)

and so the purpose of the object is to support such external memory.

AidsNavigation The purpose of the object is to help user answer the question

“where can I go?”

AidsOrientation The purpose of the object is to help user answer the question

“where am I?”.

TravellerPurpose Shows the purpose or intention of the traveller.

Browsing Is an activity that a traveller can engage in while travelling a journey

or can be defined as movement through an information space. Itis the task

of looking to see what is available in the world [66].

CasualBrowsing The user has no specific goal and is not focused. The

activity is purely random, unstructured and unsystematic [31].

OpportunisticBrowsing The user has a less definite target. The activity

is less systematic and more predictive [31].

SystematicBrowsing The user has a specific goal or target. The activity is

focused, structured and systematic [31].

Monitoring Focuses on attributes of interest to the information seeker[74]. For

example, while reading a text related to a specific topic, a monitoring strat-

egy ”listens” for concepts related to another topic of interest.

Observing Used when the information seeker assumes that he(she) is in apromis-

ing neighbourhood and react the stimuli from the neighbourhood. For

example, advertisements in newspapers attract the browser’s attention as

he(she) applies observational tactics. Observations may lead to interesting

discoveries but yield initiation control to the environment [74].

Querying Defined as using a search engine to submit a description of theobject

being sought and receiving relevant content of information[66].

Scanning An activity that compares sets of well-defined objects with an object

that is clearly represented in the information seeker’s mind [74].

Searching This activity is the task of looking for a known target [66].
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The User Evaluation

C.1 The Evaluation Materials
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Figure C.1: A result page of Google (17/08/2004).
 

Figure C.2: A physical fragmentation of C.1.
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Figure C.3: The home page of Manchester University
(17/08/2004).

 

Figure C.4: A physical fragmentation of C.3.
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Figure C.5: The home page of IMDB (17/08/2004).

 

Figure C.6: A physical fragmentation of C.5.
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C.2 The Evaluation Methods
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Title Endpoints Descriptions Metrics Nasa TLX Metrics
Mental Demand Low/High How much mental and perceptual activity was 

required (e.g., thinking, deciding, calculating, 
remembering, looking, searching, etc.)? Was the 
task easy or demanding, simple or complex, 
exacting or forgiving?

0- Low
20-High

Physical Demand Low/High How much physical activity was required (e.g., 
pushing, pulling, turning, controlling, activating, 
etc.)? Was the task easy or demanding, slow or 
brisk, slack or strenuous, restful or laborious?

0- Low
20-High

Temporal Demand Low/High How much time pressure did you feel due to the 
rate or pace at which the tasks or task elements 
occurred? Was the pace slow and leisurely or 
rapid and frantic?

0- Low
20-High

Effort Low/High How hard did you have to work (mentally and 
physically) to accomplish your level of 
performance?

0- Low
20-High

Performance Good/Poor How successful do you think you were in 
accomplishing the goals of the task set by the 
experimenter (or yourself)? How satisfied were 
you with your performance in accomplishing 
these goa

0- Good
20- Poor

Frustration Level Low/High How insecure, discouraged, irritated, stressed 
and annoyed versus secure, gratified, content, 
relaxed and complacent did you feel during the 
task?

0- Low
20-High

Table C.1: NASA Task Load Index (TLX) details.
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C.3 The Evaluation Results
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1 Name and surname P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
2 Gender M F M F M F M M M M
3 Occupation Learning

advisor
x Part-

time
x Physotherapist Student Self-

employed
Retired Lecturer x

4 Age range (<16, 16-30, 31-45, 46-60,>60): 16-30 31-45 16-30 31-45 >60 16-30 31-45 >60 46-60 46-60
5 You must be familiar with the Web (WWW)

(Yes/No):
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

4 How do you describe your vision (blind,
sighted, partially sighted):

Blind Blind Blind Blind Blind Partially
sighted

Blind Blind Blind Partially
sighted

5 Which browser and operating system do you
use?

IE& W-
XP

IE& W-
XP

IE& W-
2000

IE&

W-XP
IE& W-XP IE& W-

98
IE& W-
XP

IE& W-
2000

IE& W-
XP

IE& W-
XP

6 Which assistive technology do you use? Jaws5.0 Jaws5.0 Jaws4.0 Hal Jaws3.7 Lunar Jaws3.7 Hal Super
Nova

Hal

8 Does participant wish to remain anonymous?No No No No No Yes No No No No
9 Does participant give permission to use ma-

terial from this evaluation within reports?
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

x– Unemployed
W-XP- Windows XP
IE- Internet Explorer

Table C.2: Profiles of the participants.
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C.4 TLX Scores

TLX:
O/T O T O T O T O T O T O T

P1 13 8 10 4 7 6 10 3 8 2 13 5

P2 15 12 17 15 15 12 20 12 5 3 20 5
P3 14 3 14 4 10 6 13 2 6 2 8 0
P4 15 7 2 4 0 0 12 4 4 2 15 10
P5 17 8 12 4 0 0 6 3 16 10 8 2
P6 12 5 15 2 15 4 15 3 12 3 16 3
P7 10 2 15 5 18 5 15 5 10 10 20 0
P8 15 0 17 2 18 3 18 3 18 5 20 2

Mean: 13.88 5.63 12.75 5.00 10.38 4.50 13.63 4.38 9.88 4.63 15.00 3.38
StDev: 2.17 3.89 4.95 4.17 7.42 3.85 4.44 3.20 5.14 3.46 5.04 3.29

Mental Demand Physical Demand Temporal Demand Effort Performance Frustration Level

Note: For all factors, except perceived performance level, a low score is positive in terms of usability
(‘O’= Original page and ‘T’= Transformed page).

Table C.3: Individual and mean rating for TLX factors for Figure C.3 and C.4.

TLX:
O/T O T O T O T O T O T O T
P1 16 4 15 2 16 4 17 4 14 2 17 0

P4 18 9 15 4 0 0 16 4 18 4 20 0

P5 8 3 3 3 3 3 3 3 16 7 14 7

P6 14 5 10 4 12 3 10 3 9 2 7 2

P7 18 1 18 0 18 0 20 0 20 0 20 0

P8 20 5 20 4 20 5 20 5 20 6 20 3

Mean: 15.67 4.50 13.50 2.83 11.50 2.50 14.33 3.17 16.17 3.50 16.33 2.00
StDev: 4.27 2.66 6.16 1.60 8.24 2.07 6.65 1.72 4.22 2.66 5.16 2.76

Performance Frustration levelMental Demand Physical Demand Temporal Demand Effort

Note: For all factors, except perceived performance level, a low score is positive in terms of usability
(‘O’= Original page and ‘T’= Transformed page).

Table C.4: Individual and mean rating for TLX factors for Figure C.5 and C.6.
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Figure C.7: Comparing TLXMental De-
mandfor Figure C.3 and C.4.
[OMean=13.88 TMean=5.63].
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Figure C.8: Comparing TLXPhysical De-
mandfor Figure C.3 and C.4.
[OMean=12.75 TMean=5.00]
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Figure C.9: Comparing TLXTemporal De-
mandfor Figure C.3 and C.4.
[OMean=10.38 TMean=4.50].
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Figure C.10: Comparing TLXEffort for
Figure C.3 and C.4.
[OMean=13.63 TMean=4.38]
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Figure C.11: Comparing TLXPerfor-
mancefor Figure C.3 and C.4.
[OMean=9.88 TMean=4.63]
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Figure C.12: Comparing TLXFrustration
Levelfor Figure C.3 and C.4.
[OMean=15.00 TMean=3.38]



APPENDIX C. THE USER EVALUATION 194

Mental Demand

0

2

4

6

8

10

12

14

16

18

20

P1 P4 P5 P6 P7 P8

Participants

T
LX

 S
co

re

Original Page Transformed Page

Figure C.13: Comparing TLXMental De-
mandfor Figure C.5 and C.6.
[OMean=15.67 TMean=4.50].
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Figure C.14: Comparing TLXPhysical
Demandfor Figure C.5 and C.6.
[OMean=13.50 TMean=2.83]

Temporal Demand
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Figure C.15: Comparing TLXTemporal
Demandfor Figure C.5 and C.6.
[OMean=11.50 TMean=2.50].
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Figure C.16: Comparing TLXEffort for
Figure C.5 and C.6.
[OMean=14.33 TMean=3.17]
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Figure C.17: Comparing TLXPerfor-
mancefor Figure C.5 and C.6.
[OMean=16.17 TMean=3.50]
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Figure C.18: Comparing TLXFrustration
Levelfor Figure C.5 and C.6.
[OMean=16.33 TMean=2.00]
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Questions P1 P2 P3 P4 P5 P6 P7 P8
1. Do you know (do you have an 
idea) how long this page is (we are 
not looking for the exact size but 
trying to find out if you have an 
idea about the size?)

Yes, Quite long. Quite long. Long and lots of 
information.

Long, lots of 
links.

Quite long. Similar size. Quite long page. No idea, don't 
know.

2. Do you think now you have an 
overview of the page?

Very limited. Not really. Yes. Not really. No. Not really No. Not really.

3. How difficult was it to get such 
an overview?

Difficult. Difficult. Difficult, lots of 
effort.

Very difficult. Difficult. Very difficult. Difficult. Very hard work.

4. What do you think about the 
amount of information? 

Too much. Too much. Quite a lot. lot of links. Too much and too 
much details to deal 
with.

Quite a lot . Too much. A lot of 
information.

5. Did you find this page complex? 
If yes How complex you think is 
this page?

Complex. Yes. Neither easy nor 
difficult.

Complex. Complex. Very complex. Yes. Yes.

6. Was there anything particular 
you found repetitive in the page?

No. No. No. No. So many links and 
cannot differentiate.

No. Lots of repeated links. Very long list of 
links.

7. How easy was it to access 
different parts of this page?

Quite long. Very complex. No. Difficult to 
picture.

Very difficult. Complicated. Yes. Difficult.

8. How easy was it for you to 
figure out your position in a 
specific section with respect to 
other sections in the page?

Not difficult. Very difficult. Difficult. Difficult. Difficult. Difficult. Not that difficult. Very difficult.

9. At any point in your journey, 
did you think you were lost (didn't 
know where you are)? 

No. Yes. Not straightforward. No. Yes,moved to top of 
the page.

No. Yes, moved to top of the 
page.

No.

Table C.5: Summary of the structured interview results for the original version of home
page of Manchester University (see Figure C.3).

Questions P1 P2 P3 P4 P5 P6 P7 P8
1. Do you know (do you have an 
idea) how long this page is (we are 
not looking for the exact size but 
trying to find out if you have an 
idea about the size?)

Yes, different. Quite long but 
manageable.

Yes, well structured. Not long. Not the actual size. Similar size. Not long, not the same 
page and size.

Not the physical 
size but the logical.

2. Do you think now you have an 
overview of the page?

Yes, can scan the 
page.

Yes Yes, well structured. Yes, not 
repetitions.

Yes. Not really. Easier to get an 
overview.

Much simpler 
content.

3. How difficult was it to get such 
an overview?

Very easy. Easy. Easy. Easy. Easy. Easy. Easy. Easy.

4. What do you think about the 
amount of information? 

Not too much, just 
right amount.

More structured. Not much. Less clutter to 
go through.

Not much Not much. Much better. Not as much as 
possible but useful.

5. Did you find this page complex? 
If yes How complex you think is 
this page?

Wasn't complex. Not really. Very simple. Simple. Not complex. Simple. No. No.

6. Was there anything particular 
you found repetitive in the page?

No. No. No. No. No. No. No. No.

7. How easy was it to access 
different parts of this page?

Easy. No. Very easy. Easy. Easy. Quite easy. No. Easy.

8. How easy was it for you to 
figure out your position in a 
specific section with respect to 
other sections in the page?

Very easy. Easy. Easy. Easy. Not that difficult. Easy. Easy. Easy.

9. At any point in your journey, 
did you think you were lost (didn't 
know where you are)? 

No. No. Not at all. No. No. No. No. No.

Table C.6: Summary of the structured interview results for the transformed version of
the home page of Manchester University (see Figure C.4).
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Questions P1 P4 P5 P6 P7 P8
1. Do you know (do you have an idea) how long this
page is (we are not looking for the exact size but trying
to find out if you have an idea about the size?)

No. Really long. No. No. Very long. No, but guess 
that is long.

2. Do you think now you have an overview of the
page?

Yes. No. No. Not really. Rough idea. No.

3. How difficult was it to get such an overview?Difficult. No. Very difficult. Yes. Not great. Difficult.

4. What do you think about the amount of
information? 

Too much. Not useful. Too much. Hard to 
read.

Too much. Too much.

5. Did you find this page complex? If yes How complex
you think is this page?

Yes, too 
complex.

Yes. Very complex. Very very 
complex.

Yes. Difficult.

6. Was there anything particular you found repetitive
in the page?

Yes, lots of 
tables and links 
at the top.

Yes. Not complex. No. Lots of tables 
without 
headings.

No.

7. How easy was it to access different parts of this
page?

Very difficult Difficult. Very difficult. Links were 
not clear.

Difficult. Yes.

8. How easy was it for you to figure out your position
in a specific section with respect to other sections in
the page?

Relatively yes, 
too long.

Very difficult. No, very difficult. Difficult. Difficult. Difficul t.

9. At any point in your journey, did you think you were
lost (didn't know where you are)? 

Yes. Yes, at some 
point didn't have 
any clue.

Couldn't figure out 
my position at all.

Yes. Yes. No.

Table C.7: Summary of the structured interview results for the original version of the
home page of IMDB (see Figure C.5).

Questions P1 P4 P5 P6 P7 P8
1. Do you know (do you have an idea) how long this
page is (we are not looking for the exact size but trying
to find out if you have an idea about the size?)

No. Not long at 
all.

Very wage 
idea.

Yes. Much much 
better.

At least, I 
know 
sections.

2. Do you think now you have an overview of the
page?

Yes. Yes. Yes. Yes, easily. Yes. Yes.

3. How difficult was it to get such an overview?Easy. No. Difficult. No. Precise. Easy.

4. What do you think about the amount of
information? 

User-friendly 
version.

Clean. A lot. Less 
confusing.

Fine. Fine.

5. Did you find this page complex? If yes How complex
you think is this page?

Less complex, 
usable navigation 
mechanism.

No. Complex. No. Simpler. Simple.

6. Was there anything particular you found repetitive
in the page?

No, sections were 
clearly stated.

No. Simple. No. No. No.

7. How easy was it to access different parts of this
page?

Very easy. Easy. Difficult. Movement 
was difficult.

Not so difficult. No.

8. How easy was it for you to figure out your position
in a specific section with respect to other sections in
the page?

Quite different 
from the original.

Easy. No. Not difficult. Easy. Easy.

9. At any point in your journey, did you think you were
lost (didn't know where you are)? 

No No. No. No. No. No.

Table C.8: Summary of the structured interview results for the transformed version of
the home page of IMDB (see Figure C.6).


