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Abstract

In the last decade, the growth and the popularity of the Wdfide Web (Web) have
been phenomenal. Originally, it was a purely text-basetegyshat allowed assistive
technologies to be designed to transform pages into atteefarms (e.g., audio) for
disabled people. This meant that for the first time, a vastuarhof information was
available and easily accessible to disabled people. Hawasleances in technologies
and changes in the main authoring language, transforme@éteinto a true visual
communication medium. These changes eventually made thenaecessible to vi-
sually impaired users. In particular, travelling around YNeb became a complicated
task, since the richness of visual navigational objectsearied to their sighted coun-
terparts are neither appropriate nor accessible to visimpaired users.

This thesis investigates principles and derived techmdqo@nhance the travel ex-
perience for visually impaired Web users. The hypothestbas travel support for
visually impaired users can be improved if Web pages areyaedlto identify the
objects that support travel and are then transformed in augly that they can then
fulfill their intended or implicit roles. This hypothesissapported by the identification
of structural and navigational properties of Web pages Wwh&ve been encapsulated
into an ontology (WAfA) to support machine processing; dmel design of a flexible
pipeline approach to annotate and transform Web pages hy tisis ontology. An
experimental test-bed, Dante, has also been created bagbd @ipeline approach,
that encodes these principles and techniques to transfampages. Finally, a user
evaluation method is devised and applied to demonstratéhtbdravel experience of
visually disabled users can be improved through the agmicaf these techniques.

This research demonstrates that by providing machine psatée data, regarding
the structural and navigational properties of Web paggsjcgtions can be created to
present Web pages in alternative forms and so enhance vieedraerience of visually
impaired users. The work presented in this thesis is of jmalctalue to the Web
accessibility community and is an important case study @8nanstrating Semantic
Web technologies. By moving away from thinking that simpknslation of text to
audio is enough to provide access to Web pages, this thegati®f the coming of
age of assistive technology and is a significant contrilotiaredressing 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 Internes developed in the
early nineties [13]. Since then, the growth and popularftthe Web has been phe-
nomenal. One of the many reasons for this is the simplicittheflanguage used to
compose pages — the HyperText Markup Language (HTML) [8@fi@ally, the Web
started off as a purely text-based system. This allowedt@assitechnologies [3] to
be designed to transform pages into alternative forms, @uglio) for disabled people.
This meant that for the first time vast quantities of inforimatvere easily accessible
to visually impaired people. However, advances in techgieand also changes in
HTML itself, allowed Web pages to become true visual comroation media. These
transformations eventually made the Web inaccessiblestbtied users [109]. In par-
ticular, for visually impaired users travelling around &b is a complicated task,
since the richness of visual navigational objects presetatsighted users are neither
appropriate nor accessible.

This thesis proposes techniques and principles to enhaedeatvel experience of
visually impaired users on the Web. The hypothesis is thatridwvel experience of
visually impaired users can be improved if Web pages areyaedlto identify objects
that support travel and are transformed in a way that thegectsbcan fulfill their
intended roles. In supporting this hypothesis it is clainteat by identifying these
objects and adding semantics to make them computationedlyahle, a computer
application can be designed and developed to transform \&gbspby using these
semantics and different techniques to enhance the tragpbsuprovided.

13



CHAPTER 1. INTRODUCTION 14

1.1 Web Accessibility

Web Accessibilityefers to the practice of making pages on the Web accessilalk t
users, especially to those with disabilities [87, 109]. dbied people usually use as-
sistive technologidgo access Web pages in alternative forms (e.g, audio, Byail-
though an accessible Web means unprecedented accesstoatém for people with
disabilities, recent research suggests that the besiqeant accessibility has not yet
been achieved. For example, [61, 68] found the accesyibilithe high street stores,
banks and universities in the UK extremely disappointi2g surveyed 20 ‘Flagship’
governmental Web sites in the UK and concluded that 75% merdmediate atten-
tion in one area or another. Recently, the Disability Rigbtanmission (DRC) also
conducted an extensive user evaluation whose report [f]edes that most Web sites
(81%) fail to satisfy even basic accessibility requirensent

The Web plays an increasingly important role in many areas, (education, gov-
ernment) so an accessible Web that allows people with disadbito actively par-
ticipate in society is essential for equal opportunitieshiose are&s Furthermore,
Web accessibility is not only a social issue but it is alsodoeing a legal require-
ment [87, 109]. Nations and continents including the®UKustralia, Canada and the
United States are approving specific legislation to enfoveb accessibility.

The research presented in this thesis contributes to thelkdge in the Web ac-
cessibility field. The main goal of this research is to untéerd how to provide better
accessibility support for visually impaired user¥herefore, before we present the ob-
jectives of this thesis, in the following section we predem visually impaired users
access Web pages and what kind of problems they have, angsdigee work that has
been done in this field.

1.2 The Problem Statement

Visually impaired users usually access Web pages by usiregsaeaders. Screen
readers are assistive technologies that render pages im ad allow either simple
line based interaction or full reading of a page, from top ¢&tdm, one word at a

! Assistive technologyefers to hardware and software designed to facilitate $eeficomputers by
people with disabilities [3].

2Seeht t p: / / ww. w3. or g/ WAl / i ntro/ accessibility.

3Seeht t p: / / www. dr c- gb. or g/ opendal | /| aw .

4The termvisually impaired is used as a generic phrase for all those people who have kitlee
or no vision not corrected by human artifice.
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time. While screen readers enable visually impaired useasd¢ess the Web, it is still
a difficult task. For example, [32] surveyed Web sites ancchated that “the Web is
about three times more difficult to use for users who are VYiguapaired than it is for
sighted users. The DRC report also states that among disgldeps studied (e.qg.,
blind, dyslexic), “blind users constituted the most disanthised group” [3].

Inappropriately designed Web pages and the insufficienayuaently available
assistive technologies are the two main reasons for thdgmsthat visually impaired
users encounter [55]. Although, guidelines are introduogatomote accessibility on
the Web [32, 49], few pages conform to these guidelines [8vadays, Web pages are
designed in a complex and nonlinear fashion, and the foausvssual interaction [82,
40]. The home page of ACMs a good example (see Figure 1.1). The page is visually
quite well organised, for example the navigation links apasated from the main
content by using sidebars, page title is highlighted in #eder, etc. While these visual
elements are mainly used to create aesthetically pleaswvigpements, they actually
provide visual guidance to ease the access to that envimarjfi9]. However, as these
spatial cues are not explicitly specified in the source ctitgy are not accessible to
screen readers therefore to visually impaired users. Fample, Figure 1.1 (b) shows
how the ACM home page is rendered by a screen reader in ahéipage is actually
perceived as a long list of items. Screen readers focus eottjitranslating content
of a page to audio rather than supporting easy movementwattibetween pages.

There are tools to evaluate Web pages against accessuilidglines and repair
any contravention [8, 9, 87, 109]. Although these are ingodrto promote Web ac-
cessibility, they mainly lack an understanding of how visuianpaired people interact
with Web pages in audio; what kinds of objects they need oy aisé what kind of
spatial environment is easier for them to navigate, etc.

The accessibility issues discussed here can be summasi$eltbavs:

¢ Visually impaired users have difficulties accessing the Y23, 33, 61, 68];
e Most Web pages do not satisfy even basic accessibility reongnts [3];

e Screen readers cannot see the structure of the document eogimity or
grouping of the objects) and the implicit visual cues (etgpography or font
size) that play a crucial role in understanding the contétit@document [119];

e Existing work does not provide an understanding of how \lguapaired users
access the Web in audio [8, 9, 87, 109].

5Seenht t p: / / www. acm or g/ .
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1.3 Research Questions and Objectives

In this section, we discuss a number of questions which &osethe issues discussed
in the previous section and from our hypothesis, presenbltpectives of this thesis
based on these questions and introduce the contributionséb these objectives.

(Q1) — How do visually impaired users travel around Web page?®

Existing research suggests that there is more work to do darstanding how visu-
ally impaired users really move around and between Web piEggs This lack of
understanding led to poor travel support for visually innpdiWeb users [53, 54, 55].
Harper [53] introduced the notion of travel and mobility dre tWeb to improve
the accessibility of Web pages for visually impaired ussrsitawing an analogy be-
tween virtual travel and travel in the physical worldavel is defined as the confident
navigation andorientation with purpose, ease and accuracy within anvironment.
Navigation suggests an opportunity of movement within the local emrmrent. Ori-
entation is the knowledge of the basic spatial relationships betvedgects within the
environment, and the objects and the travelability is the ease and confidence at
which travel can be accomplisheBinvironment is the context in which the traveller
journeys through and includes the way the landscape is redded perceived.



CHAPTER 1. INTRODUCTION 17

In order to be able to adapt and transfer the findings and wéisens of real world
travel studies to the virtual Web world, a model of travel hasn proposed [46]. This
model consists of three components: objects (e.g., lafndspaactions (e.g., land-
mark detection) and instruments (e.g., preview). Travelleavigate and orientate
themselves by consulting memoopjectsand detecting and identifying landmarks.
Consultation, detection and identification are accomplilstnrough themobility in-
strumentf in-journey guidance, previews, probes and feedbackenBvough this
model provides an understanding of how visually impairedpte travel on the Web,
it still does not provide comprehensive knowledge aboubthjects that traveller use
to accomplish the purpose of their journey [125] (see Chidbtand 3).

(Q2) — What kind of objects do visually impaired people use oneed to use in an
environment to complete a successful journey?

In the real world, [73, 88] suggest that travellers use or mesd to use environmental
features or elements in order to complete a successfulggukive call these features
and elementsravel objects. For instance, they use landmarks and memory objects
to reassure themselves that they are safe to proceed andiagethe right way. If
we look at the virtual Web landscape from ttravel perspective these objects also
exist on Web pages. For example, in Figure 1.1 (a), the logihn@fACM can be
considered as a uniqgue and memorable feature of the envera®6]. These kinds
of objects are considered as landmarks or reference poiisy provide users with
information on where they are in a page, just as unique featard navigation in
physical environments [37]. However, in the audio rendgih Web pages, these
objects cannot play their roles (see Figure 1.1 (b)). Assiseéchnologies (i.e., screen
readers) do not treat them in a special and appropriate &wrheir role in supporting
the travel is diminished. They need to be presented in a watythiey can fulfill their
intended roles and support travel on the Web. But first we teibbntify these objects
and their roles in detail.

This thesis extends the model of travel [46] by creating asifecation of travel
objects and identifying their characteristics in detail$) (see Chapter 3).

(Q3) — Can Web pages be systematically analysed to extracivel objects?

Harper [53] has proposed a mobility analysis framework, éxav the focus is on pro-
viding a mobility rating which shows the mobility supporttbe page being analysed.
In practice, this framework proved to be inappropriate arsdificiently detailed to be
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used to identify travel objects and their roles. Therefare present a description and
evaluation of a framework, called the travel analysis franor, that systematically
analyses Web pages to extract travel objects. This frantepravides guidelines to
identify these objects and proposes a set of techniqueassifyf them based on their
roles in supporting a traveller’s journey. A procedure soallevised to evaluate this
framework. The application of this evaluation procedumadestrates that the analysis
process encoded in this framework is systematic and censigt25] (see Chapter 3).

(Q4) — How can knowledge about these objects be captured in @mputationally
available form?

In order to demonstrate our hypothesis which claims thaitsfaming Web pages
by using identified travel objects can improve travel suppee need to be able to
computationally process them. This requires associatiegtified knowledge with
objects on a Web page.

One possible way of associating this information exteyniallusing semantic an-
notation techniques. Semantic annotation is the proces=neéntically enriching Web
pages by adding metadéiso that they are not only available for human consumption
but also available for machine processing [51]. Howevegriter to accomplish this
semantic annotation we need to capture knowledge abouw tiigscts in a way that
enables us to perform the annotations. A widely known waymaedge capturing
is creating “ontologies”. An ontology allows us to createctmae-interpretable defi-
nitions of concepts to create a controlled vocabulary [§&krefore, the Web Author-
ing for Accessibility (WAfA) ontology has been developedaiacapsulate knowledge
about travel objects in a computationally available foree(€hapter 4).

(Q5) — Do the travel objects provide enough understanding dboth structural and
navigational properties of Web pages?

Although the classification of travel objects and the trarellysis framework provides
an understanding of how travel objects are used or needed toséd in a typical
journey, we still lack the understanding of the underlyibgicture of the Web pages.
Travel objects do not provide information about the ovesallcture and organisation
of Web pages, and how these objects are presented. Thertligrinesis investigates
the relationship(s) between how these objectpaesentecandused

SMetadata is data describing content/functionality.
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Figure 1.2: The Dante approach and the structure of thesthesi

It is observed that HTML which is the main Web authoring laage does not pro-
vide enough information about travel objects. It mainlyydes a vocabulary that can
be used to markup the physical properties of Web pages i@age IMG tag) but not
the navigational (e.g., reference point) and structur@berties (e.g., logo). Therefore,
travel objects are extended by studying existing work on @ésgn, transcoding, Web
accessibility, etc. to identify the terminology that pempbke to describe the structure
of Web pages. Therefore the WAfA ontology encodes knowledgrit 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 requiregperform the transfor-
mations of Web pages. This then raises the question “whaldAmithe best way to
link the annotation and transformation processes?”. Tha rguirements for this can
be specified as (i) the output from the first component will i input to the other;
(ii) loosely coupled components would be beneficial as thay easily be replaced
with alternative implementations. Based on these requeres) this thesis proposes a
method which is based on a flexible pipeline approach. Thpsageh provides the op-
portunity that the annotations can arrive in different fateffrom different sources. We
have developed Dante which is an experimental test bed tloatsshow this pipeline
can be developed. Even though in Dante some particularaoelssed to annotate and
transform Web pages, the infrastructure proposed by tpislipie can still be used to
accommodate alternative implementations. Figure 1.2 shbe process encoded in
Dante [122, 123, 124].
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We surveyed annotation tools and techniques to find out ifaveuse an existing
tool in Dante. Our survey revealed that the existing tootstagchniques focus on the
annotation of the content rather than the structure of tigepaNe also found out that
even though these annotation tools can be used to annotat@alies, none of them
addresses the issue of creating relationship(s) betweeanthotations. Therefore, we
used an existing annotation tool and developed anothertaocieate 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 @éees to provide alterna-
tive views of a page to support a variety of journeys. The psap transformation
techniques are based on the model of travel. These tectmagurebe considered as
intermediate operations that transform pages into a forimslwtan easily be accessed
with a screen reader. Our experiments with the proposedftranation techniques
also demonstrate that the quality and the quantity of thetations depend on the
transformation techniques to be performed. With thesestommation techniques, the
WATfA ontology is also evaluated by assessing its competeasatisfy the require-
ments of these techniques (see Chapter 5).

(Q8) — How can Web pages be evaluated for their travel suppo#

The transformation techniques encoded in Dante show thitrpeed annotations can
be used to transform Web pages into alternative forms. Noweeel to ask the ques-
tion “do the transformed pages provide better travel sugpoin order to answer this
guestion we need to first ask “how can we evaluate the trayg@tiprovided?”.

This thesis introduces an evaluation procedure that iscbas¢he model of travel
and aims to compare the travel support provided by the @igind transformed pages.
This procedure is mainly a comparative task based evaluatinich uses three evalua-
tion methods Cooperative evaluation [120], Task Load Id&xX) [57] and structured
interview [38] (see Chapter 6).

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

The procedure developed is applied in order to demonstratetie transformed pages
provide better travel support. Participants were askecetéopn a number of ques-
tions on both original and transformed versions of a numlbgrages. The results
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demonstrate that the transformations enhance the expertvisually impaired Web
travellers by improving mobility and consequently enhagdhe travel support pro-
vided. For example, participants found the transformedigarto be more organised,
less cluttered and more manageable. Along with such pesiisults, this evaluation
also highlighted certain issues that need further invastg. For example, some trans-
formation techniques can abolish some of the referenceégwith which participants
are familiar (see Chapter 6).

1.4 Thesis Outline

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

Chapter 2 Presents the state of the art in Web accessibility, dissusssstive tech-
nologies (e.g., screen readers), Web accessibility gaekeland tools, the Se-
mantic Web and accessibility, and compares audio and W§ahlnavigation.

Chapter 3 Discusses the notion of travel on the Web in detail, prestrasravel
analysis framework that encodes techniques to identify dassify travel ob-
jects, and explains the evaluation of the framework thatatestrates that this
framework is systematic enough to be used as the basis of.a too

Chapter 4 Introduces the WAfA ontology, describes its design and enpgntation
processes, and presents its three sub-ontologies whi¢h atghoring concepts
to define structural properties of Web pages,(igbility concepts$o define nav-
igational properties of Web pages and (@gntextual concept® represent con-
text of a journey.

Chapter 5 Describes the experimental prototype of Dante: Explairtsgnowledge-
driven annotation pipeline — particularly by discussing tole of the WAfA
ontology, and then presents different transformationrigples that are used to
transform Web pages.

Chapter 6 Explains the procedure used for the user evaluation to at@Dante’s ap-
proach, describes how the data is used, and presents tlts tésbe evaluation.

Chapter 7 Reviews the work presented and the extent to which the stdtedtives
have been met. The significance of the major results is sursetkioutstanding
issues are discussed and directions for future work areesiigg.



Chapter 2
Literature Review

This chapter reviews the published literature related td \A&cessibility. The aim is
to demonstrate why accessing and using Web content is autliffecsk for visually
impaired users, and what has been done in the Web accdgdibilil to improve this.
Visually impaired people use assistive technologies t@ssthe Web. These tech-
nologies work satisfactorily as long as the page is desigmell However, this is
not the case for many pages. Accessibility guidelines anpgsed to promote Web
accessibility but as recent surveys demonstrate [3], fesigders follow them. There
are also tools to automatically validate or repair Web paggsnst these guidelines,
but since certain aspects of the evaluation process arectivigj, the supported auto-
mated evaluation is limited. Similarly, there are also $doltransform Web pages into
a more accessible form for visually impaired users; howewvest of these tools lack
understanding of visually impaired users’ interactiorhiieb pages and their require-
ments. In order to address such user requirement issues,iatataction is compared
to visual interaction. Finally, in the Semantic Web visiassistive technologies can
also be considered as agents that need to automaticallgiet&Veb pages. Therefore,
the current Web accessibility work in this field is discussHuis chapter concludes by
summarising the findings of this review.

2.1 Alternative Web Browsing

Visually impaired users access Web pages by using asdistiiaologies that produce
speech output and support keyboard interaction. Thesadactcreen readers and
browsers specialised in audio interaction. Differentstgs technologies will render
different environments for the same page. They all suppffeardnt functionalities

22
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that are important parts of the overall environment thatsgeract with.

2.1.1 Screen Readers

These are software applications that vocalise the onsdaarfrom the top left corner
to the bottom right, line by line, one word at a time [87]. Traag typically used with
conventional Internet browsers such as Internet ExploEt.(Formerly, conventional
browsers generated the visual rendering and then the saaéder used this to present
the page in audio. Although the potential functionalitiethese conventional browsers
could be accessed, full interaction with the underlyingreewcode (e.g., HTML) was
lost. For example, they could not recognise and differemtl ML elements such as
tables, headings or frames. Nowadays, most screen readerdgaudio rendering di-
rectly from the HTML source code, for example, JAWS58es the Microsoft Active
Accessibility (MSAAY technology with IE. While this can be seen as an improvement
on traditional screen readers, it is still not a completetioh.

The current generation of screen readers work well as lotigea¥/eb page is de-
signed linearly and marked-up properly to represent itkdgtructure rather than its
visual layout. However, nowadays Web pages are complex anlinear, a journal-
istic style of writing has been adopted [82] with the focusvisual interaction [40].
The HTML source code, and hence the Document Object ModeMPQusually rep-
resents the visual layout and the presentation of the palgerréhan its logical struc-
ture [97]. For instance, different typography is usuallgdiso emphasise headings
instead of using appropriate HTML elements (HH6).

Current screen readers also support different functibeslto interact with the
logical structure of a Web page. Table 2.1 shows exampleesareaders and the
functionalities provided which are important for suppogtiravel and mobility within
a Web page and therefore between Web pages. These funitieznate grouped into
two: movement and list. Movement functionalities enablerus move in a Web
page by using specific kinds of objects, for example “tablesenzent” helps users
to move from one table (explicitly marked up with the HTML Talbag) to another.
List functionalities provide a list of specific kinds of objs in a separate window,
for example “list frames” provides a list of headings that axplicitly marked up

1Seehtt p: //ww. mi crosof t. com wi ndows/ i e.

2Seeht t p: / / www. hj . com

SMSAA is a technology that provides a standard mechanism for expha information between
applications and assistive technologies (seep: / / www. m cr osof t. conf enabl e/).

4Seeht t p: / / www. w3. or g/ DOM .



CHAPTER 2. LITERATURE REVIEW 24

Functionalities | Jaws5.0] Windows-Eyes45 | lookOUT4.0 | Hal® |
Movement functionalities: enable users to move from one object to another.

Character movement i Vv
Word movement i
Sentence movement
Line movement
Paragraph movemer
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 Vv
List headings Vv
List frames Vv

—

v
v
v

NSRS AN A SN AN AN A A AN A A
SN AN AN AN A A A N A A S A A

RSN

aSeeht t p: / / www. gwmmi cr o. cont .
bSeeht t p: / / www. scr eenr eader . co. uk/ .
¢Seeht t p: / / ww. dol phi nuk. co. uk/.

Table 2.1: Screen readers.

with the HTML heading tags (H1-H6). However, not all screeaders support these
functionalities. Moreover, their efficiency and effectiess are highly dependent on
the quality of the underlying markup.

The home page of Amazéis a good example (see Figure 2.1). The page is vi-
sually quite well organised: the navigation links are safet from the main content
by using sidebars, distinctive colours are used in the heatie However with the
audio rendering (see Figure 2.2) provided by a screen regdedifficult to under-
stand the content, to orientate yourself in the page andttargeverview of the page.
Moreover, the page is quite long and has a number of visuatjndtive sections, but
when a screen reader user requests the “list of headingbéipage (see Table 2.1),
the response given by a screen reader is “there are no heddittys page”. This is
a misleading information but since the page is not markegraperly, screen readers
cannot access the headings. Therefore, even though seadgrs support travel and
mobility functionalities, pages themselves do not.

5Seent t p: / / ww. amazon. cond .
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Figure 2.1: The home page of Amazon (20/06/2004).

This page has 196 links image map link ref=toav_sh gateway/102+
1145037-0464903 image map link ref=cmh_topnavgateway/102-114503Y
0464903type=wishlistimage map link ref=topwil. ..

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

Several studies have also highlighted the ineffectivengssreen readers for nav-
igating and browsing the Web [39]. The main issues can bdigigied as follows:

e Screen readers focus on sensory translation (direct &t@mslto audio) rather
than travel and mobility.

e The effectiveness of functionalities supported by screaders (see Table 2.1)
are highly dependent on the design of the page. If the pag# isell-structured
and marked up, they can provide misleading information.

e They produce superficial information about a page; layoutkvis often a key
for understanding the content of the page, style, font, tuneaof information is
lost.

e They do not adequately convey the logical structure and sgasaf the content,
nor do they provide users easy ways to select which parts afja o listen to.

2.1.2 Specialised Browsers

These are browsers that are specialised in providing audtipud As opposed to
screen readers which need to be used with a conventionakbrdw access the Web,
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these browsers can be used as stand alone audio browsersHdBM Page Reader
(HPR) [8], pwWebSpeak BrookesTalk [128] and Emacspeak [98] are some of the
widely known specialised browsers. Compared to others,dSpeak is not stand-
alone, but is a speech output interface to the Emacs textréditherefore, Emacspeak
will always have the shortcoming of working only under Emacs

These browsers all use HTML source code to render the pagelio,gor exam-
ple Emacspeak first generates the DOM representation oftjeand then renders the
page based on that model. These browsers also providectitfiemctionalities specif-
ically to interact with the structure of the page. For exaanplPR provides ten reading
modes including table navigation mode, frame navigation@dems reading mode,
etc. Although these reading modes can reduce the numberyafdiebinations and
simplify the command language, they can also be confusinguse the user always
needs to maintain a mode.

HPR and pwWebSpeak also address issues concerning aonenstd provide
functionalities to support it. They both provide functiolmsget information about
the position in the page, but present different informatid®PR provides information
about the current object such as its physical location,(at®29% of the page). How-
ever, for such information to be useful, the user needs te hagood understanding
of the overall physical layout of the page. Therefore, thera danger that the pro-
vided information can confuse the readers rather than iaegaitteir spatial orientation.
pwWebSpeak only provides the element number of the actwe, ifor instance if the
user is currently reading the logo and requests the cursitiquo, then pwWebSpeak
gives the position as ‘at element 20 over 126’. The givenrmfttion is at an ab-
stract level and far from enabling the user to understanhéiy position on the page.
Moreover, they do not present an abstract view of the logitakture of the page.

Compared to other specialised browsers, BrookesTalk snéoduses on sum-
marising pages and facilitating Web searching and brow®ngokesTalk uses Natural
Language Processing (NLP) text summarisation and abistnagtchniques to facili-
tate audio browsing [128]. BrookesTalk also provides a sammof the page which
includes title, number of words, links, headings, imagesaeted keywords and meta
keywords. While the summary is crucial for getting an ovewwf the page, it does
not include information about the layout, spatial orgatisaand visual cues that are
also important for travel and mobility.

6Seent t p: / / www. soundl i nks. conmf pwgen. ht m
’Seeht t p: / / www. enmacs. or g/ .
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Besides these well-known audio browsers, there are alser @ildio browsers
where the focused users are not visually impaired. For el@griearSay has a dif-
ferent approach compared to other audio browsers disctiesedecause it performs
structural and semantic analysis of HTML documents andraatizally creates Voice
Extensible Markup Language (voiceXMLjlialogs [96]. HearSay also does not sup-
port keyboard interaction, and accepts commands in audiboégh, HearSay com-
bines a number of novel approaches, it is still a prototygkleser evaluations demon-
strate that it requires a lot of improvement.

As a summary, these browsers render Web pages by directiyiexea the under-
lying HTML source code. This used to be an advantage oveititvadl screen readers,
but nowadays most screen readers also render pages witf ligiefore, some of the
issues stated for screen readers are also valid for thesiakged browsers as well and
some specific issues can be summarised as follows:

e They do not provide as many features as conventional Webdanevand tend to
be behind the current state of the art.

e They can have problems in handling complex HTML structureshsas tables
and frames.

e They often do not provide information about the layout, ctiiee and spatial
organisation of the page which are crucial for travel andiititgb

e The issue of being “specialised” requires extra effort frithv@ user to learn and
use a new tool in order to access the Web.

e Although, some (e.g., HPR) implement most of the ‘user ajguiidelines from
W3C [49], the focus is still on sensory translation.

2.2 Audio Versus Visual Web Navigation

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

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

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

are fundamental differences between audio and visuakictien which are discussed
here in detail. Knowing the differences is important forigasig better Web pages,
assistive technologies or intermediate tools for visuiatlpaired users.

8Seent t p: / / www. W3. or g/ TR/ voi cexml 20/ .
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Persistent versus TransientThe visual rendering of Web pagespsrsistentthe
screen acts as an external memory, as opposed to audioirgnakich istransient
In visual interaction, the user can shift the focus of attentapidly. The monitor is
a two-dimensional medium that combines persistence (lbdkadter as long as you
please) with selective updating (interact with a screehovt changing the rest of the
screen) [85]. Thus the screen acts as a form of external nyeamat the amount of
information which has to be stored in the user's own memonrgejst to minimum.
However, in auditory rendering, the user is forced to hokl lecessary information
in memory [93]. Therefore, the number of items presentedutticahas 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 quickiyt sh& focus
or skip the irrelevant material; accessing could be randsmwell as serial. Visual
rendering is not parallel but sighted users have good cbaftrtheir sight and can
switch focus between areas quickly and easily. The combimaf catching attention
and shifting focus means that we can process visual infeomatmost inparallel. The
serial nature of audio scanning provides a drastic contoagisual scanning. Visual
presentation relies on layout for presentation, wheredmaelies on the sequence of
presentation [84, 94]. Therefore, in audio linearised m@tean be read more easily
than multi-dimensional material such as tables.

Structure Audio presentation is not as rich as visual presentatiorerdJsannot
pick out important information or creatmnnectiondbetween separate data [85]. The
structureof the document (e.g., proximity, grouping of the objectsdl #he included
visual cues (e.g., typography; font size,) play a cruci nmunderstanding the content
of the document [119]. They provide implicit supplementariprmation about the
content so when the same document is rendered in audio, thlecitminformation
encoded in the structure and visual presentation of the algst. Therefore, it is
crucial to encode the same information in the underlyinge®uode of the document
so that it can be presented in alternative ways in audio.

Active versus Passiven audio presentation, the users do activelysearch for
a target, but rather they must wait and try to ambush it. Tk & flexible con-
trol can impose a greater load on working memory as unwantedpolated material
intervenes between candidate selections and the userstfinee. The navigation
functionalities also tend to be limited in the auditory metions so the limited func-
tionalities have negative implications; users bec@assivdisteners rather thaactive



CHAPTER 2. LITERATURE REVIEW 29

readers [103]. For example, it is demonstrated that algiwbéists are not better than
random lists, as users cannot easily jump to a random poskiprsome items in the

list whereas sighted users can. Therefore, it is importattthe user has control over
the information flow [94].

Random versus Serialln visual presentation, the content of the page can be ac-
cessedandomlyas well asserially, whereas in audio rendering content tends to be
accessed serially, typically from top to bottom [84, 94]eldfore, it is important that
significant information is located at the top so that it isessed first in the audio pre-
sentation. Whereas in visual presentation, the visuahdisieness of the significant
information is more important than its location.

Amount of Information Finally, the other two important issues are #maountof
information and th@ime taken to process the information. Spoken options will take
longer to process than the written options. The amount afrin&tion that can be
accessed at once in audio rendering is much less comparésbtd xendering due to
the bandwidth difference between the visual and auditoanokl [94]. Therefore, the
amount of information presented in audio must be carefiiysen.

These differences are important for understanding howallisimpaired users ac-
cess Web pages and what needs to be considered in order wrisapgio navigation
and movement in Web pages. Particularly, these differema@eaddressed when Dante
transforms Web pages to provide better audio interactiomimally impaired users.

2.3 Web Accessibility Guidelines

The difficulties that visually impaired people have acaagdhe Web are not only
because of technological advances, but also because aiapprbpriately designed
Web pages. The World Wide Web Consortium (W3C) recognisesetdifficulties and
provides guidelines to promote accessibility. There ase ather organisations that
provide accessibility guidelines, including The Royal idaal Institute for the Blind
(RNIB) and The American Foundation for the Blind (AFB) (seble 2.2).

While these organisations highlight some of the importaoeasibility issues, the
W3C accessibility guidelines are more complete and cowephkts of all the others.
Moreover, the W3C not only provides guidelines for creatiegessible content [27],
but also provides guidelines for user agémisd authoring toolS.

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://ww. w3. or g/ WAl /

Section 508 Guidelines http://ww. secti on508. gov/

RNIB Guidelines http://ww. rnib. org. uk/

AFB Guidelines http://ww. af b. org/

Macromedia and Accessibility htt p: // ww. macr onedi a. com

DRC Report http://ww.drc-gb. org/

Nielsen Norman Group Reportht t p: / / ww. nngr oup. cont

Dive into Accessibility http://ww. di vei ntoaccessibility.org/
IBM guidelines http://ww+ 306. i bm com abl e/ gui del i nes/
Nova Report http://ww. cerlimac. uk/ projects/

Table 2.2: Web accessibility guidelines.

No. \ Guideline

Theme 1. Ensuring graceful transformation

Provide equivalent alternatives to auditory and visuateon

Do not rely on colour alone.

Use markup and style sheets and do so properly.

Clarify natural language usage.

Create tables that transform gracefully.

Ensure that pages featuring new technologies transforoefyridy.

Ensure user control of time-sensitive content changes.

Ensure direct accessibility of embedded user interfaces.

© 0 N O R W N =

Design for device-independence.

H
©

Use interim solutions.

11.

Use W3C technologies and guidelines.

Theme 2: Making content under standable and navigable

12.

Provide context and orientation information.

13.

Provide clear navigation mechanisms.

14.

Ensure that documents are clear and simple.

30

Table 2.3: Summary of the Web Content Accessibility Guitksi (WCAG 1.0).
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The Web Content Accessibility Guidelines 1.0 (WCAG 1.0)atiée how to make
accessible Web content and Web sites [27]. They are present@o themes: grace-
ful transformation (of content, structure and presentgtiand making content under-
standable and navigable (see Table 2.3). The specificgirongle 14 guidelines, but
unfortunately only three of them are in the second themerdbiesuch as creating ta-
bles that transform gracefully, are oriented to supporssgntranslation of text content
to audio [46]. The Nielson Norman Group has also publishededes to assist de-
signers to create accessible and usable Web pages [32bugjlithese guidelines are
based on a series of usability tests of several different §itels, the guidelines them-
selves are not different from others. Lately, the Web Acbdgy Initiative (WAI)
which is a W3C group is working on a new version of WCAG. Howetlgis version
has yet to be completed and published

As the DRC report concludes, although the compliance withABQ..0 is neces-
sary, it is not a sufficient condition for ensuring that sees practically accessible and
usable by disabled people [3]. The DRC report also providasnaber of recommen-
dations to improve the navigation and orientation issuelsessed in WCAGL1.0.

The User Agent Accessibility Guidelines 1.0 (UAAG 1.0) dése how to make
browsers and media players accessible [49]. The speaificatnphasises the impor-
tance of accessibility of the user interface, enabling ther uo have access to the
content and helping the user to orientate. Similarly, théhAting Tool Accessibility
Guidelines 1.0 (ATAG 1.0) provide key issues to assist ingtesg authoring tools
that produce accessible Web content and assist in creatinagaessible authoring in-
terface [110]. Most of the guidelines in this specificatiatuds on the creation of
standard and accessible markup, but they pay little atterit how authoring tools
can assist Web designers to create understandable andbl@Atieb pages (including
how to include different orientation mechanisms).

Although the overall vision of these guidelines is good, yndesigners rarely
follow them. According to the DRC report [3], most of the Wetes in their eval-
uation (81%) fail to satisfy the most basic WCAG 1.0 categmriDesigners usually
view these guidelines as irrelevant, too restrictive ortbm@-consuming to implement.
Moreover, as the DRC report [3] highlights designers havamadequate understand-
ing of the needs of disabled users and how to create acoesathisites. For example,
not many people consider the differences between audioiandlnavigation of Web

Hseeht t p: / / www. w3. or g/ TR/ weag2- req/ .
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pages. Some studies also show that the application of tlielues is subject to in-

terpretation; two designers applying the same set of gnieelto same set of pages
generate different results [63]. As a conclusion, althotighguidelines are useful,
they are only part of the overall process of supporting Wetessibility.

2.4 Tools to Support Web Accessibility

Numerous tools are available to help either Web developesiitd better accessible
pages or end-users to modify pages to meet their néedisey differ in several ways,
including functionalities (e.g. testing, fixing) and methaf use (online service, desk-
top application integrated in authoring tools). They areuged into three, depending
on the provided functionalities and supported user groeygs,(end users or designers):
Evaluation, Repair, and Transformation tools.

2.4.1 Evaluation Tools

Evaluation tools'® analyse pages or sites against accessibility guidelines {a-
ble 2.2) and return a report or a rating. They are importani¥feb accessibility as
they provide a medium for designers or authors to validad& thages against pub-
lished guidelines without actually reading and manuallglgipg them [87]. While
these tools encourage markup that conforms to the spemfisadnd guidelines, no
one except the Web page designer can really enforce it.

We will review some of the tools under two categories: adbdigyg evaluation
and HTML validation tools (see Table 2'4) [64]. The first validates pages against
guidelines and the second validates pages against the Hpktifcations. Some re-
cent studies have concentrated on formally representirtgtjnes and checking pages
against these formal representations [113]. Althoughdhjgroach can overcome the
subjectivity aspect of the guidelines, designers cannagXpected to represent the
guidelines in a formal language that is crucial for this aggh.

12Seeht t p: / / www. w3. or g/ WAI / ER/ exi st i ngt ool s. ht ml for a list of available tools.

BThey are also referred as validation tools.

Yseeht t p: / / www. Webai m or g/ t echni ques/ articl es/ freetool s/ for comparison
of some of these tools.
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| Title | Developer | Website |
Accessibility Evaluation Tools
Bobby Watchfire http://bobby. wat chfire. con
Lift Nielsen Norman Group htt p: // ww. usabl enet . cont
AccessEnable RetroAccess http://ww. retroaccess. conl
AccVerify HiSoftware htt p: // waw. hi sof t war e. conf access/
Cynthia Says ICDRI and HiSoftware| http://ww. cynt hi asays. conf
Wave WebAIM http: // ww. wave. webai m or g/
PageScreamer Chruncy Technologies| http://ww:. crunchy. cont t ool s/
Page (site) Valet Webthing http: //val et . webt hi ng. conf
Web Access Toolbar | NILS http://ww. nils.org. au/
AccMonitor online Hi-Software http: // www. hi sof t war e. conl
Ask Alice SSB Technologies http://askal i ce. ssbt echnol ogi es. conl
Coast Coast Software http: //ww. coast . conl
WeXACT Watchfire htt p: // www. webxact . conl
TAW Sidar in Spanish http://ww.tawdis. net/
Torquemada WebxTutti http://waww. Webxtutti.it/testaen. htm
Dr Watson Addy http: //wat son. addy. conl
HTML Validation Tools
Dr HTML Imagiware http://ww2. i magi war e. com RxHTM./
W3C CSS-Validator W3C http://validat or.ws. org/
W3C CSS-Validator W3C http://jigsaw w3. org/ css- val i dat or/
WDG HTML Validator | WDG http: //ww. ht ml hel p. conf t ool s
Weblint Weblint http: //ww. webl i nt. org/

Table 2.4: Evaluation tools.

Accessibility Evaluation Tools

Bobby and Lift are the most widely used accessibility eviduatools (Table 2.4).
Bobby evaluates entire Web sites for accessibility andigesva report for each page.
Pages are validated against WCAG 1.0 [27] as well as SecfiBgybidelines from the
Access Board of the U.S. Federal Governnmerithe returned reports tend to be large
and mostly consist of recommendations for manual checksrder to fully understand
the reports, one needs to have a deep understanding of évamefuidelines (see Ta-
ble 2.3). Three types of information are returned: (i) Tsedif automatically detected
accessibility errors (e.g., missing ALT text for imagedi); The errors that cannot be
fully automatically checked and need further manual exation (e.g., making sure
that information is not only encoded in colours); (iii) Thecassibility checks that re-
quire manual examination (e.g., checking that all link gesamake sense when read
out of context). Thus the effectiveness of Bobby is highlgetedent on the developer’s
ability to understand and interpret the report. Moreovienjlar to most of the other

15Seeht t p: / / www. sect i on508. gov/ .
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automated evaluation tools, it cannot properly validateagiyic pages [105].

LIFT Online is a tool for testing Web pages against Sectigh &@d WCAG 1.0. It
reviews the site based on some rules derived from theselmédelt provides several
features, for instance, rule prioritisation which alloveets to prioritise or disable rules
used in a particular test. Checking that keywords are peaijidmages include ALT
text and image map links have textual version, are some ebearfgy the rules applied
during a test. Although LIFT provides a report which is eagyaunderstand compared
to the Bobby’s report, it does not provide the depth of thesasibility review that
Bobby provides.

There are also tools that simulate how a page is accesseddigenseader user,
for example aDesigner [108]. aDesigner focuses on evalyatsability of pages as
opposed to validating them against guidelines. The usgiskues addressed include
speed to reach target content, the effectiveness of skijgatzon links'®, etc. The
analysis of these issues are then visualised to guide d&sigmen reformulating their
pages. Even though aDesigner supports a more sophistappedach compared to
others, designers still need to learn and use a separati® tagair their pages.

HTML Validation Tools

These are tools to validate source code of Web pages agpéuitisations’. The two
most widely used tools are the W3C HTML Validation and Do¢4diML.

The W3C HTML Validation service was introduced to validatetpages against
one of the HTML specifications such as XHTNL It also provides several reporting
characteristics that can be specified including showingptireed DOM tree and the
outline of the current page.

Doctor HTML is a commercially available tool which can be dise analyse either
a single Web page or an entire Web site. It provides a varietgsis including a
document structure test which looks for unclosed HTML tagsl image syntax which
checks image commands for HEIGHT, WIDTH, ALT tags, etc. Saimecks are quite
important for accessibility, for instance, checking wiestALT tags exists.

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

Seeht t p: / / www. w3. or g/ Mar kUp/ .

8The Extensible HyperText Markup Language, bée p: / / www. W3. or g/ TR/ xht m 1/ .



CHAPTER 2. LITERATURE REVIEW 35

| Title | Developer | Website |
Accessibility Repair Tools
AccRepair Hi-Software htt p://ww. hi software. com
A-Prompt SNOW http://apronpt.snow utoronto.ca/
InFocus SSB Technologies htt p: //ww. ssbt echnol ogi es. cont
LIFT for Dreamweaver| Nielsen Norman Group htt p: // www. usabl enet . com
LIFT for FrontPage Nielsen Norman Group htt p://ww. usabl enet. com
PageScreamer Crunchy http://ww. crunchy. conif t ool s/
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 amyfirst steps towards
accessibility”. WCAG also emphasises that such tools “oaittentify all accessibility
issues”. While the automated evaluation tools can be a gefekence to designers to
evaluate their pages, they have many limitations:

1. They cannot evaluate some of the important elementsdimguhe layout of the
information, the navigation structure, etc.

2. They cannot check pages against all the guidelines okkpbets as some of
them require human judgement, in this case they can only'g@mings’. For
example, they can check the existence of ALT text, but notibaning or sig-
nificance of the provided ALT text. Therefore, these tootmal cannot verify
effective compliance to guidelines [3].

3. They cannot evaluate the appearance or content of geaphic

4. They can confirm that a page is compliant to guidelines bahot guarantee
that it is easy to use [108]. For example, a text-only pagiedyl to get a high
ranking without actually considering the quality of the tamt [70].

2.4.2 Repair Tools

Repair tools also evaluate pages against accessibilittetines or HTML specifica-

tions, but compared to evaluation tools, they try to fix themitified problems. Table 2.5
summarises a number of repair tools and here we discuss amom&s: 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 pesblit displays necessary
dialogs, and guides the user to fix the problem. For exantplesplays a dialog box if
there is no title for a frame. It also allows a user to set thellef accessibility check
against the priorities provided by WCAG 1.0 and Section 50i@8gjines.

HTML Repair Tools Tidy identifies and repairs HTML errors in pages. If it cannot
fix the problems automatically, it prints warnings for thgseblems. It also offers ad-
vice on accessibility problems, such as suggesting thdiaddif a summary attribute
to table elements.

Similar to evaluation tools, repair tools also require hapulgement and cannot
automate the entire process. They also have the same longdhat are specified for
evaluation tools.

2.4.3 Transformation Tools

Fundamentally, the evaluation and repair tools focus oistisg the authors to modify

or correct their pages. On the other hand, transformatiols focus on assisting Web
users. By using different techniques, these tools maialysiorm pages into another
form to meet users’ need8. There has been a number of studies on page transfor-
mations. Depending on the approach, we have grouped thialaieastudies into six
which are discussed in the following sections.

Generating Text-Only Version

It is a common approach to maintain a text-only version ofathiginal site to support
accessibility. The three most widely known tools are: Be[8iL], Textualise [28] and
the LIFT Text Transcoder [111] (see Table 2.6). Betsie isgies] to create an auto-
matic text only version of British Broadcasting Corporato(BBC) Website. Textu-
alise and the LIFT transcoders are commercially availaBléthree are server-side
applications and designed for supporting mainly Web siggihers so that they can
easily create text-only versions of their Web sites. Tdidaand LIFT transcoder also
require authors to provide some structural hints in ordgetwerate text-only versions.
Betsie has the shortcoming that it only works with the BBCisbalte.

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

19This process is also referred &mnscoding (seeht t p: / / www. w3. or g/ TR/ annot /).
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idea of separate versus inclusive design”. When Web page®dtto become a vi-
sual communication media, text-only versions were comsitiéo be a good solution
for accessibility. Assistive technologies could not haethmplex structures and with
text-only versions, designers were not constrained angmidowever, assistive tech-
nologies developed remarkably. Additionally, with recdesign technologies (e.g.,
Cascading Style Sheets (CS8)Scalable Vector Graphics (SV&), etc.), pages can
be designed that are not only visually appealing, complekdymamic but are also
accessible. Therefore, there should not be a need for atieernversions to support
accessibility any more.
The shortcomings of this approach can be summarised asv&llo

e Text-only versions are not updated as frequently as thegoyiversions, so they
tend to be old and lack information or facilities comparethi® original page.

e Keeping two versions synchronised is not an easy task, evdntie tools
discussed above. Duplicate effort could seriously tax huarad machine re-
sources.

e Primary versions often lack even the most basic accesgilgiguirements.

20seeht t p: / / www. w3. or g/ St yl e/ CSS/ .
2lSeeht t p: / / www. w3. or g/ TR/ SVGE .



| 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 Cbhu 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 & glapages based on the
user's preferences. This is an advantage over other toalsers can specify how
they want toseeor read the page, and can easily direct the transformatmoeps. The
Web Access Gateway [20] is an example of such a tool wherddmTaan example of
tools that transform complex structures, in this case tglilg(see Table 2.6). Gateway
provides an HTML form into which user enters the Uniform Rese Locator (URL)
of the page to be processed along with transformation meéess. These preferences
include options regarding frames, tables, style and imagaadamentally, Gateway
tries to serialise most of the HTML elements (e.g., framegsiniserting one after the
other, tables by linearising row by row, images by repla¢hggraphic with the pro-
vided ALT text, and so on. Although Gateway performs ses&ilon on the server side,
similar serialisation techniques have already been imetdad by currently available
assistive technologies on the client side.

Tablin transforms Tables. Tables are complex and impoganttures that are
commonly used for laying out Web pages [126]. In that sen®déiTaan also be con-
sidered as a page transformation tool. Tablin has an ontima fnto which users
can specify their preferences then it linearises tablesrdoty to these specified pref-
erences. This obviously requires prior knowledge regardables, but if the users
already know the structure, then the table can be read witimmarising it. Moreover,
this linearisation eliminates the multi-dimensional matof tables which supports nav-
igation and browsing [121].

Transforming Based on Heuristics

As opposed to tools that transform pages according to upeeferences, there are
tools that perform transformations based on a set of preztefieuristics or settings.
WAB [69], and [99] are examples. WAB is a proxy server that ified pages accord-
ing to four heuristics which are: (i) adding the word ‘linkefore each link in the page;
(ii) adding a title list and a link list at the end of the pagé) &dding two links refer-

ring to added lists at the top of the page; (iv) adding keywaukch as ‘Checkbox’ or
‘Button’ before each of those form elements. Although theselifications were use-
ful when WAB was proposed, they are actually not needed aatiibanymore. The

new generation assistive technologies already suppaetlumctionalities. However,
WAB is one of the early works on transformation and demonesréhe applicability
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of the transformations.

Richardset al. [99] propose an extension to Internet Explorer targetingaio
older population with low vision. The supported transfotimas include line spac-
ing, changing colours, enlarging banner text, etc. All hesansformations can be
useful for screen magnification users but not for screenereaskers. Moreover, most
of these adaptations are already supported by conventioosakers.

Transforming Based on External Annotations

In a transformation context, annotation means computeenstahdable data associ-
ated to human understandable data [12]. There are somehabfgerform transforma-
tions by using such kinds of annotations, for example, [8)] and [59]. Asakawat
al.[9] present an approach to transform pages for visually iredgeople, whereas, [59,
60] transform pages for small screen device users. Evergththe requirements of
these two user groups are related, there are still majardifices; one uses visual in-
teraction, the other is audio. Some other approaches alstdtext focus on cognitively
disabled peoplé [101]. This user group also have different requirementsinfstance

a page is more accessible if a simple language or illustratfor symbolic language)
are used.

Asakaweet al.[9] classify annotations into two: structural and comment&truc-
tural annotations are used to identify visually fragmergeoupings, their roles and
importance. Commentary annotations are used to providgiggen regarding these
identified groupings. The notion of visually fragmentedupimgs is not defined prop-
erly, the only information given is that, the page is fragteernnto groupings by using
various types of visual effects such as layout tables. Thepgse nine structural
roles: proper content, updated index, heading, footeeteehdvertisement, norole
and layout table. Seeman [101] also proposes a similar wuegb These roles form
a small, limited set of structural vocabulary which mosthaf time is not rich enough
to completely annotate the structural and navigationgd@riies of a page. The WAFA
ontology covers a richer vocabulary that includes these els vAsakawaet al. [9]
transform pages by presenting groupings in descending ofdeeir importance. If
a role is not assigned to a group, the importance will be aultefalue which means
that groups will be placed in the middle of the page. Thersftine transformation
may result in a more inaccessible page than before. Seerdhudes annotations to
provide a simplified text for the cognitively disabled useith additional pictures and

22people who have problems in reading and comprehendinga@kt
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schematic diagrams.

Hori et al. [59] also have a similar approach to [9], but uses an extendedb-
ulary for annotations. The extended vocabulary includésnation about the client
capability, fidelity, alternatives, etc. These are importaquirements for small screen
devices but are not needed in the context of visually implaiisers.

Hori et al.[60] propose a very simple vocabulary for the annotationgkwvimclude
only ‘keep’ (content should be preserved) and ‘removeestants. Although this can
be a cost-effective approach, keeping and removing comerantextual; it mainly
depends on what the user wants to do.

All these approaches [9, 59, 60] use XML Path Language (XPtio refer to a
part of a page. Even though XPaths can allow them to talk giens$ of a page, the
XPaths can easily become obsolete by site redesign, alihdlxg et al. [5] suggest
that some form of XPaths are more robust than others. Morgsiwmee creating exter-
nal annotations can be an expensive process, Takaj[107] present an algorithm to
overcome this. It tries to use existing annotations for aegagother pages on that site.
Although it is a promising approach, pages in that site nedzbtstructured similarly
and different annotations are still required for differsités.

Transforming for Small Screen Devices

Numerous approaches to adapting Web pages for small sces@esd have been pro-
posed. These approaches mainly involve developing sydteahsan take an existing
Web page designed for the desktop, along with the charatitsriof the target dis-
play device, and re-author the page through a series offtranations so that it can
be appropriately displayed on the device. They can also btilugnd important for
visually impaired users because small screen device userdiave a limited view of
pages. However, in general the requirements of these twogusaps are different.
Adaptation systems for small screen devices need to cartbideost and availability
of the bandwidth, screen sizes, memory capability of devigeality of images, etc.,
none of these requirements are important for visually imgahuisers.

Different techniques are proposed to adapt pages for seraés devices which
are discussed as follows:
I mage Customisation The most simplistic approach is to reduce image and fonssize
so that the page can easily be displayed on such devices(25,116]. These cus-
tomisations are irrelevant to visually impaired users.

23Seeht t p: / / www. w3. or g/ TR/ xpat h.
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Structural Customisation Some approaches use structural HTML elements such as
headings (H1-H6) to customise pages for these devices1 B partition a page into
several pages and use headings (H1-H6) to create a tablentédnt® with links to
these partitions. Indeed some screen readers alreadyrsadpaction to access only
headings in the page (see Table 2.1). [15, 21, 116] summaapes by using the first
sentence of each paragraph (e.g., P tag) in a page. Howasevgll known that pages

are not appropriately marked up and designers usually ssahelements to represent
headings and paragraphs.

Link Customisation Some summarisation techniques are introduced that foctiseon
links in the page. Buyukkokteet al.[22] summarise pages by presenting only links.
The technique removes repeated links and presents thenffenedi orders such as
in alphabetical order or according to ranks generated hy #hgorithm. It also tries
to present them hierarchically depending on the structiitkeopage. The simplified
version of this technique is commonly supported by moststreaders and link sum-
marisation features of screen readers can be extendedhigttechnique.

Chunking There are some studies on automatically analysing HTML pageden-
tify coherent chunks of information (visual groupings)lretpage where they are only
visually accessible [21, 24, 25, 127]. Although these tegples are important for auto-
mated processing, they mainly focus on certain types ofgagt certain sets of rules.
They are not generic enough to apply to different types oepathey work well with
small well-structured Web pages but generate almost uteiszdults for complex Web
pages. The identified chunks are then used in different W@yj21, 25, 127] partition
pages based on the identified chunks and the target scree(iigi¥in et al.[127] pro-
pose an algorithm to assign ranks to these chunks and thesrereand display them
depending on these ranks; (iii) Buyukkoktetral.[21] propose different techniques to
summarise identified chunks in order to provide a summargeptge which includes
displaying only first few sentences, extracting importastkords from these chunks
and displaying most important sentence in the chunks; (et al. [25] display

a thumbnail representation of the identified chunks and theruser can zoom in to
see the complete chunk. Apart from this, all other techréqeen also be useful for
visually impaired users, but need to be reconsidered asalhfacus on the limitations
of these devices, for example, the amount of scrolling, tifigng chunks that can
only fit into a certain size of page, etc. Furthermore, evengh they simplify pages,
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the focus is still on visual interaction. For visually impad users the requirements of
audio interaction need to be considered. Finally, nons toeunderstand the overall
structure of the page and different components that haterelift roles in supporting
user journeys. Although, Chest al.[24] propose a function based object model, it
still does not provide a deep understanding of the pagetateiand how users use
these objects in a typical journey.

Although these approaches present different techniquéshwean be quite useful
for visually impaired users, the requirements of their femli user group is different
than our target user group [65]. Therefore, Dante adapte sirthese techniques by
modifying them in order to provide better support for vidyainpaired users.

Filtering Web pages

As opposed to transformation tools, these do not focus dructaring pages. Their
aim is to remove unnecessary information from the page. KyffB] and Web-
Cleaner [4] are widely known filtering tools. These tools em@ortant as they can
easily remove elements from the page that cannot be handipdnty by screen read-
ers such as Javascript, cookies, animations, advertigspdena applets, etc. However,
as it is the case with text only pages, removing these elesyg@s not guarantee an
accessible page nor generate a page that is easy to navighieoxe around as this
can also depend on the page structure and layout.

Modifying Alternative Text (ALT)

Images are important components of visual presentationedf piges. However, they
are inaccessible to visually impaired users unless amaltiee text (ALT) is provided
for them. Since designers usually design pages with visa@incunication in mind,
they tend to ignore adding alternative text to images. Taawee this problem, a
number of techniques are proposed including ALTifier [11a] ALT-server [34]. Al-
tifier encodes a set of heuristics to guess missing ALT texinimges. Even though
encoding heuristics can be useful, it is still very diffictguess in which context the
image is used or why it is used (e.g., for decoration or inftian), etc. For example,
the same image can be used in different contexts which meglifferent ALT text.
Even if all the images have ALT texts, this does not mean thaptage is accessible.
Ensuring that images have ALT texts is only a partial sotutio
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Summary

The extensive work reviewed in this section demonstratesntiportance of transfor-
mation tools. It would be too idealistic to believe that desrs will design a page
that will meet the requirements of different user groupsweleer, if designers create a
page that is properly marked up to represent its logicatsire, these transformation
tools can modify pages to meet the user requirements. In &g abcessibility field,
these tools can be considered as intermediary tools that pdges in a way that they
can be easily accessed by assistive technologies. The mdings of the review can
be summarised as follows:

o Different studies demonstrate the effectiveness of tmansdtion tools.

e Generating a text-only version without considering stuat and navigational
properties of pages may not be the right solution for suppgpkiVeb accessibil-

ity.

e Filtering tools can be useful but removing unnecessarysteom the page does
not guarantee an accessible page.

e Focusing on certain accessibility issues such as missinigtaxkt is important
but it is just a partial solution.

e The transformation work for small screen devices can beulgafvisually im-
paired users as well but because of the different requirtsrtbiey cannot be
applied as they are. They need to be changed and adapteddailyiimpaired
users.

e None of the transformation approaches tries to have a dederstanding of
the overall structure of Web pages, particularly the congnésmthat are used by
users to move around pages.

e Even though external annotations are expensive to creataraintain, they
proved to be effective for transformations.

2.4.4 Summary and Conclusions

We have reviewed evaluation, repair and transformatioftstdévaluation and repair
tools can help designers to ensure the accessibility of gages and transformation
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tools enable end-users to modify pages in different ways mhin conclusions can
be summarised as follows:

e Automated evaluation and repair tools cannot identify axdlfiaccessibility is-
sues but they can be a quick reference to designers to \atiuzit pages against
accessibility guidelines.

e Transformation tools are promising for adapting pages tetraser needs but
none of the available transformation tools try to underdthow visually im-
paired users move around pages and what kind of objects feegrineed to use
in order to easily move around. Similarly, available tramsfation tools do not
focus on understanding the logical structure of the pagehsicrucial for sup-
porting travel and mobility around the pages. They also iigribe fundamental
differences between audio and visual navigation.

2.5 Semantic Web and Accessibility

The Semantic Web, as articulated by Tim Berners-eeal. [14], is an extension of
the current Web in which the resources are well defined anticékpinterpretable
not only by humans, but also by automated agents. The autnmatttasks such as
precise search, resource discovery, information filterag. depends on migration of
data frommachine-readabléo machine-understandabferm. One possible way of
achieving this is to associate metadata (i.e., data desgrdontent/functionality) to
Web resources. The W3C proposes a formal data model cakbeldebource Descrip-
tion Framework (RDF? for describing metadata. One mechanism for associatirty suc
metadata is annotation [11]. However, automated toolsatdrenefit from these anno-
tations unless they agree on the semantics (meaning) osttelanguage. In order to
do so, ontologies have been proposed which include machiegretable definitions
of basic concepts in a specific domain and relations amonyg {B6]. They are also
known as controlled vocabularies and defined as “a sharaifispéion of a conceptu-
alisation” [48]. Recently, an ontology language, OWL, hasibstandardised [76].

If we look at the Semantic Web from a Web accessibility pointiew, assistive
technologies such as screen readers can also be consideagdrds that need to un-
derstand and interpret Web pages. When visually impairedsugad a Web page,

24RDF is a graph-based model for describing Internet resourcels as Web pages in triples (see
http://ww. w3. or g/ RDF/).
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they rely on the screen reader’s interpretation of the padmerefore, screen readers
need to have a good understanding of the page, particutarktructure, in order to
appropriately present and support movement around thespage

In the context of the Semantic Web, few studies have beenrtak@®m on Web
accessibility. As part of the W3C Semantic Web actitAtyhe Evaluation and Repair
Language (EARL) is proposed [26]. EARL is an RDF based fraorkvor recording
automatic or manual evaluation results. This languageiges\a means for expressing
accessibility evaluation results in a machine understaledarm. Traditionally, icons
are used to demonstrate that the page conforms to a certaihgedelines. Although
EARL is quite important to overcome the problemiobns for claimsit is still the
authors’ responsibility to fix all the identified problems.

The potential of Semantic Web technologies such as ontdognd annotation
technigues have not been exploited enough yet in the Welssibday field. These
technologies have already proved their usefulness in aerahgpplication domains
(e.g., [14]), which suggests that they can also be usefuMealy accessibility.

2.6 Summary and Conclusions

This chapter has reviewed the “Web accessibility” field. Tian conclusions of this
review are summarised here. Visually impaired people hé#fieudties accessing the
Web, either because of the inappropriately designed Webespaigthe insufficiency of
currently available technologies. This lack of accesjbiéads to poor mobility and
travel support for visually impaired users.

Screen readers or Specialised browsers are widely usecballyi impaired users
to access the Web. For these access technologies to wor&rfyroffeb pages must
be appropriately designed and must be encoded in valid HTML ¢conforms to its
DTD (Document Type Definition) and various accessibilitydglines. The W3C Web
Accessibility Initiative and others recognise these ditties and provide guidelines
to promote accessibility on the Web. Unfortunately, not yndesigners follow these
guidelines. Additionally, access technologies such asescreaders have focused on
supporting the sensory translation of visual content taatather than deeply affect-
ing travel and mobility on the Web.

While the approach of evaluation and repair tools is seasibky cannot automati-
cally evaluate and repair some of the important issues fogpaing Web accessibility

25Seeht t p: / / www. w3. or g/ 2001/ sw .



CHAPTER 2. LITERATURE REVIEW a7

(e.g., the layout of the information, the navigation stauet etc.). Therefore, the pro-
vided solutions are limited and partial.

Different techniques are proposed for transforming pagasprove accessibility
support. Although these are promising, none of them prevate understanding of
how visually impaired users navigate and move around pagasexample, none of
them considers the difference between audio and visuafjafen which is important
for supporting nonvisual interaction. Moreover, they doimave a deep understanding
of the structures of Web pages and how users use or need taatséogical structure
to easily navigate around the pages. Without such undelisigs, the modifications
cannot be as effective as they should be. The following @rgpesents our approach
to provide an understanding of how visually impaired usersgate around pages and
what kinds of objects they use or need to use to completejtheineys.

The Semantic Web is a promising field which is considered axtansion of the
current Web. Web accessibility has not been explored infteid which needs to
be considered from the beginning of this extension rathem theing an afterthought.
Therefore, in the following chapters, a possible approathbe presented that uses
Semantic Web technologies to support Web accessibility.



Chapter 3
The Travel Analysis Framework

Although the existing work to promote Web accessibility x¢emsive, it lacks a sys-
tematic understanding of how visually impaired people nmareeind pages; what kinds
of objects they need or use; and what kind of spatial enviemtris easier for them to
journey through. In order to provide such understandingianpatove the accessibility
of the Web for visually impaired users, the notion of travakvintroduced [53].

Users make journeys through the Web. Web travel encompé#sseasks of ori-
entation and navigation, the environment and the purposigegburney. The ease of
travel, its mobility, varies from page to page and site te.sknowledge about travel
and mobility in the physical world gives a context for trasmatl mobility on the Web. A
model of travel was proposed to transfer and adapt real Viiodihgs to the Web [46].
For visually impaired users, in particular, mobility on tA&eb is reduced; the objects
that support travel are inaccessible or missing altogefftegse objects need to be pre-
sented in a way that they can fulfill their intended or implioles. The travel analysis
framework provides techniques to identify and classifysthebjects [125]. However
in order to capture such techniques in a framework, thesectsdband their character-
istics need to be identified in detail; which has meant extenthe proposed model
of travel. The evaluation carried out has shown that thiméaork supports a sys-
tematic and consistent method for assessing travel upowgte This travel analysis
framework provides the basis of Dante, for the support efrapon the Web.

3.1 Travel and Mobility on the Web

The notion of travel and mobility on the Web is introduceditprove the accessibility
of Web pages for visually impaired and other users by drawimgnalogy between

48
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travel in the virtual and the physical world [53]. Drawingrabels proved to be effec-
tive for improving interface usability of a virtual world $3. In the context of travel,

real world mobility studies can provide insights of how \aflyimpaired people travel.

For example, real world travel and mobility studies sugdest there are differences
between how sighted and visually impaired people travelnsittering these differ-

ences can help to fully support visually impaired userstijeys. Key differences
which are called mobility principles [53] include:

Information flow Sighted people usually ignore details when they navigasegohys-
ical environment. They usually do not inspect each obstrnctHowever, as it
IS not easy to assimilate complex information by non-visnahns, they usually
use complex information less often than simple information

Granularity Compared to sighted people, visually impaired people haviéeld pre-
view of coming objects. Therefore the use of some type ofipvevevice is
important. Additionally, visually impaired travellersient themselves more fre-
guently than sighted travellers do; they tend to break tlmite into a greater
number of more complex stages. They use explicitly morerenmental cues
such as landmarks, paths, borders and boundaries.

Egocentricity Many visually impaired people tend to think of the real warlidego-
centricmanner; the traveller associates journey, route and sknvewledge 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 managstdys and with
many more landmark points. External memory is not efficienfled. Visually
impaired users rely less on external memory sources as teaysaally 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 th&hs can be consid-
ered as the issue of predictability.

Spatial awarenessPrevious visual experience may affect spatial awarenessnyM
adventitiously visually impaired (had previous visual expnce) people, are
better at decoding spatial information than many congbyitesually impaired
people. Spatial information is technically difficult to a@y 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 wétsens of real world
studies to the virtual Web world, such as the differencedagxed above, they have
to be captured in a model [46]. Therefore, a model of travellieen proposed. This
model consists of three components: objects (e.g., landpactions (e.g., landmark
detection) and instruments (e.g., preview). Travellensgse and orientate them-
selves by consulting memogbjectsand detecting and identifying landmarks. Con-
sultation, detection and identification are accomplistiedugh themobility instru-
mentsof in-journey guidance, previews, probes and feedbdckgpurney guidances
asking for directions and referring to objects that suppaternal memoryPreview
is an activity to identify objects in the environment anddice destinations. Finally,
Probingis investigating the environment to choose the right olsjeztomplete a task.

The model of travel aims to provide an understanding of hasuadly impaired
people travel in an environment. Our main goal is to build @dased upon such an
understanding in order to provide better travel and mghbdiipport for visually im-
paired users. However, before we can devise Dante, we naxeghtore the model and
entire travel analysis process in a framework. Althoughpdaf53] has proposed a
mobility analysis framework, the focus is on providing a mitprating which shows
the mobility support of the page being analysed. Fundarignthis framework is
for identifying travel objects and registering them as cudsstacles or ‘out-of-view’
objects. Cuesorientate and encourage onward navigatigdbstaclesobstruct the
progress of a travelle©ut-of-viewobjects are not obstacles because they do not inhibit
travel but they are not cues either because they do nottédeiliravel until they come
into view. The aim of Harper’s framework is to identify obsiss and turn them into
cues to facilitate onward navigation and movement. In practhis framework proved
to be inappropriate and insufficiently detailed to be thesaka tool. Althoughitis a
useful start, we needed to create a new framework as Hafpariework is originally
intended to be used by designers. It is ‘craft based’ andimesjto be systematised.
This chapter explains the new framework; first the followsegtion explains the model
of travel in detail and Section 3.3 then presents the framlewo

3.2 Travel Objects

Travellers use environmental features or elements in doderake a successful jour-
ney which are calledravel objectg73, 88]. Travellers use landmarks and memory
objects to reassure themselves that they are safe to praceegoing the right way.
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Figure 3.1: Travel Objects.

Landmarks and memory are two main classes of travel objaatsthese classes also
include sub-classes which are as follows [46]:

e Landmarks Alert, information point, identification point, way poiaind way
edge.

e Memory Memory, alert, information point and identification paint

These classifications are dynamic and can overlap. An iitton point is both a
landmark and a memory object. A landmark may be classifieth @af@mation point
and a way point on closer inspection. This classificationedéels on the context of
the travel. These travel objects are an important part ofrtbdel of travel. Dante is
based on this model. Fundamentally, the encapsulatedgs@sgracts travel objects
from the environment in which travel takes place — a Web pabeerefore, before
we can extract them, we must identify such objects and sp#ugir characteristics.
These have to be in detail and must reflect the key envirorahésdtures used by
travellers. The extensions to [46] have lead to three brasefories of travel objects:
(1) way points, (2) orientation and (3) travel assistantsese categories also include
sub-classes which are explained in the following sectidfigure 3.1 illustrates the
relationship between the categories and Table 3.1 pregerds 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 neayade that directly fa-
cilitates onward movement. Below, we explain the sub-easé way points, however
other classifications may also be considered as way poipsndiéng on the journey
undertaken:
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Way Points

Travel Assistants

Role Real World Web
Decision Points| Junction, corridor intersections. | Menu, check boxes, ar
(DP) combo box.

Way Edge (WE)

Wall, shorelines, hedges, fencg
cliffs, railroad tracks [73], edge d
lawns.

p€ olour boundaries, frame bo
fders.

Navigation Points
(NP)

Streets, walkways, canals, ra
road [73], corridors and somn
examples specific to building
stairs, escalators, elevators [88],

ilHyperlinks, mail to, searc
ehox.

D.

52

Identification Building name, house numberdeading, title, URL, frame ti
Points (ID) street name, campus entrandke.
identification, floor number.
Alert (AL) Traffic lights, signs that iden-Progress bar, a search field
tify hazards, bridges, stops, ahiton can change the colour and

curves.

Attention (AT)

Advertisements.

Reference Pointg
(RP)

Big Ben, Precinct centre bridg
on Oxford road [88], sculpture
structural or decorative elemen
information booths, and etc.

Location & Posi-
tion (LP)

“You are here” signs, signs th
show the current position, reass
ance signs on the motorway.

aHyperlink menus highligh
uthe active page, some sit
show the active page (e.g
home>products).

Direction (DR)

Signs that show the direction
cities, towns, signs with arrows.

&crollbar direction, Back an
Forward button.

Animation, advertisemen
banner.
d.0go, title banner, some aspe¢t
spf the style.
LS,

appearance to indicate that the
search is in progress, display-
ing or animating an hour glass.

[1

{lauo

uone

Distance (DS) Signs that show the distance [t&crollbar (distance from top 4
cities or towns. bottom of the page).

Information Information or help desk, police Search Box.

Points (IP) friends.

Travel Aid (TA)

Map, tactile map, road list, flog

rSite index, table of content

D

plan. site map, outline.
Travel Memory | Route plan, journey plan. Previously visited links chang
(TM) colour, history list, bookmark
Travel  Support | Guided tour, visually impaired in-Guided tour.
(TS) dividuals may learn new routes by

guiding them.

Table 3.1: Travel objects and examples.

Decision Pointsare the choice points where alternative paths of travel assiple.
Travellers recall the direction they must travel to reachirtldestination and they
change their direction of travel if necessary [71].

Way Edgesare the environmental elements that are linear or contsiama act as
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boundaries between two areas [73]. During a journey, Vvisurapaired travellers usu-
ally make explicit references to these elements in the enmient [41].

Navigation Points provide a possible route and the traveller exercises someato
by choosing to follow or not to follow it. They can be consigéras decision points in
wayfinding, but the traveller is not choosing from a set oi@m; the traveller needs
to decide to follow or not to follow it. They relate directly 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 c@aeyienvironment [35]
and are conceptually and perceptually distinct locati66. |

Increased usage of landmarks or reference points is oneeddtthtegies used by
visually impaired people to travel efficiently in their hosnand communities [71].
Landmarks have to communicate some specific, identifialalieifes [89]. They may
be primarily physical objects, but they can be sounds, ajdemperature 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 tHaveo determine his or
her exact location [71]. A single reference point compomaight not be enough to
identify the exact position of the traveller. Whereas, wivem or more reference point
components are linked, a traveller can determine his or xeteosition. They are
common features which do not provide precise position. Hewehey might help in
determining one’s general position.

Identification Points are identification signs that are elementary state degumijof
a location and usually perceived when the destination ishe@ [88]. These points
identify an object, a place or a person in the space.

Identity is what makes one part of an environment distingaiide from another; it
is a characteristic that allows the traveller to differatgiparts of the environment [7].
Travellers can use identification points to validate thaiival at the destination (“this
is it”).

Attention These are the objects that attract traveller's attenti@hraay change the
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traveller’'s focus. They may be used for observations that lea&d to interesting dis-
coveries but yield most initiation control to the environmhgr4].

Alert These objects alert the traveller to a change in the enviemirar control of
the journey [46]. Like the attention objects, they alsoaattithe 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 directiod distance relative to
things observed or remembered in the surroundings andrkgéeick of these spatial
relationships as they change during locomotion [16, 19k &bnceptsof position or
location, directionality and laterality are important ottgye components for orienta-
tion during mobility [71]. Moreover, as one moves towardsaited goal, establishing
orientation and maintaining orientation are critical caments of successful travel.

The knowledge about orientation suggests that a persorsnefaimation about
location, distance and direction in order to be oriented jouaney. Landmarks are
used to give a sense of location [62] and are defined as spatihbrs since they pro-
vide precise information about one’s location [71]. Landksaare also important for
the orientation of visually impaired travellers [16].

Direction Directional information is essential to the navigator'digpto remain ori-
ented within the environment [36, 73]. A sense of directlat is an ability to maintain
direction while moving, is usually equated with a sense @raation [88]. Directional
information can be provided through the directional sidreg tlesignate direction to-
wards a place, an object or an event in form of a name, symbgictwgraph and an
arrow. They may also show which direction the traveller issmg along.

Distance The ability to make accurate distance estimations fatatgtastablishment
and maintenance of orientation [71]. Objects that provid¢adce information may
indicate distance from the traveller’s starting positiarfrom the traveller's destina-
tion. They may also show where one is with respect to nearjgctsdband the target
location.

1Concepts are defined as mental representations, imagesasr[idil].
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Location or Position Landmarks provide implicit location or position informai,
because different travellers may need varying amountsygreddf information about
landmarks. However, there may be some objects in the emaigab which provide
location or position information explicitly. These loaati or position objects are di-
rectly related to reassurance signs and are defined as dietkwhich are used by
travellers to reassure themselves that they are on thetrayi [38].

3.2.3 Travel Assistants

Sighted or visually impaired travellers may all experiepogblems in orienting them-
selves from time to time in an unfamiliar or familiar enviroant. They use different
strategies for solving this problem including consultingap; exploring the space sys-
tematically, either alone or with a guide; or following vatlor written directions [71].

Information Points By using these objects, a traveller can directly requestrmé-
tion. The traveller controls the type and amount of infolioratequested and supplied,
so they are an active information supply [71].

Travellers can update their spatial information by intérecwith other people
while travelling. This is one of the strategies used by tiave for re-orienting them-
selves [71]. A supportive environment can be thought ofimteof information points
at frequent and regular intervals. Particularly, inforimaipoints may be important for
visually impaired travellers, since they compensate fdrhaving access to distant
cues that are so useful to the sighted travellers [90].

Travel Aids provide an overview of the environment. They usually plde entire
environment within the traveller’s view. We refer to thempassive information sup-
ply, because, unlike information points, the traveller slo@t control the type and
amount of information. They can also be considered as secpsdurces, which can
be used for spatial knowledge acquisition. They may helgetiars to determine their
position in the environment, their direction of travel, ahd relative position of other
objects or places in the environment [35].

Travel Memory holds information about where the traveller has been andigee
means to get back there. It can be considered as an extermaimaid to supplement
internal memory [46].
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Travel Support A traveller may make a journey without controlling all thetaiés
of the journey, that is to say, the traveller may not activantrol the journey under-
taken. Travellers may make a journey by actually being glititeoughout. This could
be a strategy for travellers to learn the spatial relatigpgsshn an unfamiliar environ-
ment [35].

3.3 The Travel Analysis Framework

This framework is based on the model of travel. It aims to wagpa systematic method
to discover objects and their roles as explained in the pussection. Fundamentally,
the framework is comprised of two stages:

1. Inspecting a Web page in order to create a travel objeentiovy;

2. Classifying each travel object in the inventory accagdio the role it plays in
the travel process.

In Dante, the implementation of these two stages form théshasthe annotation
and transformation components (see Figure 1.2 in Chaptdrhe 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 pective, travel objects
also exist in the Web landsc&psee Table 3.1). For example, if we analyse the home
page of HSBC from the real world travel perspective (seerei@.L), we can identify
some of these objects. The logo at the top left corner actsefei@nce pointit is a
unique and memorable feature of the page. The colour boymeathe side is avay
edge it is used to separate the “side content” from the “main”e fieading “personal
banking” is used as adentification poinand used to identify that part of the page. As
these examples demonstrate, the travel objects play arrtampoole in the mobility
of the Web users. Since in the visually impaired users’ Welddaape these objects
are not presented appropriately, their mobility is reduc&tavel objects should be
presented in a way that they can fulfill their intended role$ @ase travel on the Web.
In the first stage of the framework, Web pages are analyseddm(it the provided
travel objects and create a travel object inventory. Thediidentification is to filter

2The Web landscape is defined as the combination of the pagiherdent (e.g., browser) [46].



CHAPTER 3. THE TRAVEL ANALYSIS FRAMEWORK 57

/3 HSBC Bank plc: Hy ft Internet Explorer =lolx|

| e Eck e Fovorkes Took
| depack - = - @D [2] A | Qocarch GiFavortss Freda 8 |- S W - = % |l

| caress [ ] bt e hsbr.cokt =] P

HSBC w The werld's local bank

ReferencePoint |

Persoral Banking

Search HSBC: (=]

InformationPoint

Welcome to HSBC Bank plc

- < There's still time to get a great
Bl = Danking HSBC4X» & HSBC online card fized rate mortgage ?m. °
Corparate & Institutional reeees:e) Online decision within 60
oot seconds. Typical APR 9.9% Disappointment p
variable L
; Afesling causcd by missing
New online
% our greal fized rate morigages
About HSBC Bank plc credit card Eind out more|

AT S Ways to Bank with us Online

HSBC Group Bersonsl nternet Banking - Loa on | more info

Start DIY tomorrow

Hieq | Use.our ealculator and see
how affordable a Personal

Loan can be,

aredealipg - Log
ahoo! ire: 2 o
DecisionPoint i
Personal ing: i ing: Contact HSBC
p ul Starting a Business Find a Branch

General Fesdback

Credit Cards Business Accounts
Classic Plus Gredit Gard, Gold  Gurrent Account, Maney (LR TG T
Credit Card, Balance Transfer...  Manager, Clients Deposit. Interest Rates

& 1 [ (4 intermet

S

Figure 3.2: Example travel objects on the home page of HSB{.(32004).

the page and find the objects that are useful in promoting tivad journey. These
objects are the regions or portions of the page i.e., an HTMinent, collections of
elements or parts of elements depending on the renderingrdbr to identify these
objects, a journey should be made from top to bottom by natimigh parts of the page
(rendering or underlying code) are useful in promoting theard journey. These then
become travel objects.

A set of guidelines are also developed for identifying ot§ecThese guidelines
are established by investigating a large number of Web pagke aim is to make
the identification process systematic and consistent.elptiocess is proved to be so,
the guidelines can form the basis of heuristics for travgaiidentification within an
automated process. These heuristics can also evolve thwatithe application. The
guidelines are principally grouped into four. They are swarised as follows:

e Extracting travel objects from a page These are the fundamental strategies for

extracting travel objects, and the important aspects ath@uénvironment 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 zoamang out
from these groupings and by considering their relatiorship

— Granularity A travel object may be atomic or composite (i.e., composed of
other travel objects).
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— Content or Context Chang@&hen a page is analysed linearly (from top
to bottom), any context or content change can be consider@dctue to
differentiate objects.

e HTML source code Some details are hidden in the source code and some are in
the rendering, so it is important to inspect both. E.g.,

— Animage mapVhen the rendering of a page is analysed, it may be difficult
to realise the image maps, whereby analysing source codeheipyto
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 locatedeh af the
layout table, so it may help to check whether or not they cacdnsidered
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.

e Using elements of a documenThe general knowledge about the structure of
a standard document can be used in finding out the traveltsijgne role of a
part of a document can be considered). For example, secharegraphs, titles,
headings, bulleted or numbered lists are all differentefabjects. Similarly,
the HTML elements can also be considered, for instances liBlg.,

— Sections and headingkhe heading and the content part (section) should
be considered separately because it is likely that they Hdferent roles
during a journey. The headings can be obtained by checkiregheh the
source code contains H1 through H6 tag set. However, this maye
enough because not all headings are explicitly specifiedsgtthis tag
set. Different typefaces may be used to indicate headihgs;it is impor-
tant to inspect both the rendering and the underlying socode.

— Boundarieqe.g., line, colour and space) are used to visually dividerin
mation or sections. For example, a line boundary can beextdnt using a
HR tag. Besides helping in recognising the context divisioa page, they
may also be considered as travel objects.

— LinksAll the links on a page are candidates for being travel objdespite
the fact that they could be grouped together with other abjdepending
on the context.
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— Logolf animage or icon is used to identify that particular pagertit can
be considered as a travel object.

— Animations and Advertsan 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 dependendy the functionality of an object depends on anther
object then they can be considered as a single travel olfjectinstance,
the search capability in a page is usually provided by a bdaox, a ‘go’
button and a label. These three objects can be consideresirmgatravel
object because the functionality of the ‘go’ button depeodghe search
box and cannot be used on its own.

— Single destinatiorf a group of objects (e.g., an image and a paragraph)
links to the same page, then that group can be consideredrag@abject.

— Common styléf objects with different content are presented with the sam
style (e.g., menu items), thenitis likely that those olgdotm a composite
object.

— Interaction If the traveller needs to interact differently with constoel
objects then they can be considered as different objects.

3.3.2 Classification of Travel objects

This second stage aims to classify the extracted travettshj@he main use of this
classification is to discover the roles of each travel olbjettie inventory. Every travel
object has at least one role during a journey and dependinfpejourney, it may
have more than one role or it may have different roles in thffié journeys. Since we
cannot consider all the different possible journeys, we oohsider the possible roles
of travel objects in a general context.

The classification process consists of a series of questensestionnaire) that
have to be answered for every object in the created inverisas Table A.1 in Ap-
pendix A). These questions aim to capture the definitionshefdassifications of
travel objects (see Section 3.2 and Table 3.1). For exampleavel memorys de-
fined as “an object that holds information regarding wheeetthveller 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 $dbis object show where
the traveller has been?”, “does it show previously visitltes”, etc., are included.

The expected answers to the questionnaireyasor no. This is to simplify the
process, make it systematic and have it in a form which is éagutomate. The
results are then evaluated to infer the possible roles otfrthesl objects. The aim
of asking every question to every object is to try to decrahsesubjectivity of the
approach and to provide a systematic rationale to classifica

3.4 Evaluation of the Framework

The purpose of the evaluation was to test whether the framevem be used to analyse
the travel support offered within a Web page and used as a bbaitool such as Dante.

Two evaluations were conducted: The first analysing the &oDgectory page
and second the home page of the Royal National Institute @Bilind (RNIB) by
using the framework. The same process was followed in batuations 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 trawelad inven-
tory, classify travel objects and the results should be isterst between users,
then we would be able to design a tool to support this framkwor

Participants Twelve participants were used in the first evaluation (refitto as P1—
P12). All the participants were experienced Web and HTMLrsis& hey had
created at least one Web site before. In the second evalyatioof the twelve
participants of the first evaluation were reused.

Materials In the first evaluation, twelve participants analysed the@® Directory
page (see Figure 3.3). This page was used because the desigmpie, naviga-
tion based and provides many travel objects. We did not wansé a complex
page and confuse the participants, because they were nitiefamith the notion
of travel and did not have experience in identifying traviglects. Moreover, it
is obvious that it was not designed with accessibility in dain

In the second evaluation, six participants analysed theBRNIme page (see
Figure 3.4). Compared to the Google Directory page, thisdsas a linear
structure, it is more text-driven. While the design of thegyp is not as simple as
Google Directory, the main design focus of this page wasigdnog 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 framewanl discussed
some accessibility issues with each participants. We aiglamed the notion of
travel on the Web and mobility. Then we asked them to applyrdraework as
follows:

¢ Inspect the Web page to identify travel objects by using tgiged guide-
lines;

e Answer the questionnaire to classify the identified tralgéots.

After the participants completed these tasks, we asked theeat of questions
concerning the overall usability and efficiency of the fravoek. For example,
whether participants found the guidelines and examplekilideow easy they
found the overall framework, how difficult they found it tosamer questions as
“yes” or “no”, etc., (see Table A.1 in Appendix A). These qli@ss are rated on
a five point rating scale, 1=very difficult (not useful at @tyd 5=very easy (very
useful).

3.4.1 Results and Discussion

Both evaluations were successful in demonstrating thaagiplity of the framework.
The participants were able to create inventories of thestrajects on both Web pages
and classify the travel objects in their inventories. Tresated travel object inventories
were highly consistent and were able to demonstrate thagribepsulated process in
the framework is systematic.

Table 3.2 shows the analysis results of the Google Direqtage of Figure 3.3.
Similarly, Table 3.3 shows the analysis results of the RNéiBnk page of Figure 3.4.
On average, each travel object on the Google Directory figare 3.3) was extracted
by 84.8% of the participants and this average increasekiblig the analysis of RNIB
home page (Figure 3.4) to 88.8% (see Table 3.3). While mosteoéxtracted travel
objects were common in the inventories of all the participathere were also some
objects that were considered at a different granufarityor example, although ten
participants considered logo (1) on the Google Directogepas a single travel object,
two participants considered parts of it (“Google” (1A) - tBctory” (1B)) in their
inventories rather than considering them as a single trabgdct. Similarly, some
objects were considered as composite objects: the pamitspncluded 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 spots list (6) on the RNIB
page was identified by all the participants and two partitipalso 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 cdatett travel objects
from both pages were also consistent. For example, lineatpg7) on the Google
Directory page was identified and classified as a way edgellpagicipants. Par-
ticipants were also able to classify objects in more thangmoep, for instance, the
hotspots list (6) on the RNIB page was extracted by all p@ditts. This object was
then classified as a decision and navigation point by allgpénts and as travel mem-
ory by three participants. In both analyses, participaaited to classify travel objects
as travel memory. This could be because they had to visitrtke &nd then answer the
questionnaire, but they mostly answered the questionnéiin@ut following the links.

Generally, the classifications of the travel objects on th#BRpage (Figure 3.4)
were more consistent than the Google Directory page (Fi§ug This could be
because participants became familiar with the questioameid the classifications, or
it could be because the role of travel objects were more gecspecified on this page
because the design focus was providing accessibility.

In both evaluations, some aspects were also investigaterkouing the suitability
of the framework for automated and manual implementati¢re fbllowing issues are
related to the automated implementation:

e Applicability of the guidelines In order to validate potential heuristics that can
be developed based on the guidelines, participants weesl asthey have used
guidelines and how useful they found the guidelines. In lthluations, all
the participants followed the guidelines and on averagg Wexe rated as very
useful.

e Answering questionnaireln the second part of the framework, the participants
successfully answered the questionnaire for every oljebeir inventories. The
expected answers weyesor no, rather than on a scale of 1 to 5. This is aimed
to ease the automation. Participants indicated that thegddhis part of the
analysis easy.



Object Total | DPf | WEt | NP} | RPf | RPCt | LP{ | DRt | DSt | IDT | ALY | ATt | IPT | TAT | TMT | TSt
1 | Logo 10 10« 2 3 B
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 | Searchbox & gqg 11 8+ 3 4 | 10«
5 | Help link 10 1 9« 2 4 1x
6 | Description 8 3 1 4 5
7 | Line separator | 12 12«
8 | Categories tablg 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 11x
10| Footnote menu | 12 10« 11x 1 3 1 2 3
11| Footnote 9 3 6 3 2 6 *
Average 10.18 | 1 See Table 3.1.
(except 1A-B,| 84.8%| * Potential roles of the travel objects.
8A-B)

Table 3.2: Travel objects on the home page of Google Dirgctor
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Object Total | DPt | WET | NP{ | RPf|RPCt | LPT |DRj DSt |IDf | ALt | ATt [IPT|TAT|TMT | TSt
1 | Logo & banner 5 * 5% 2 1 1x
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 | 6x
4 | Feature list 6 5% 2 6+ 1 2 3x
4A Features sub-list 1 1 1 1 1
5 | Hotspots heading 6 A 1 1 1 | 6x
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 A
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 1x
11 W3C approvals 5 3« 5% 4 1
12| RNIB logo (small) 6 6+ * 2 2

Average 53 1 See Table 3.1.

(except 1A-B, 4-6-8A)| 88.8% | x Potential roles of the travel objects.

Table 3.3: Travel objects on the home page of RNIB.

AHOMINVEHA SISATVNY TINVHL FHL '€ 431dVHO

G9



CHAPTER 3. THE TRAVEL ANALYSIS FRAMEWORK 66

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 #n@RNIB page.

The following issues are discussed with regard to the mamyalementation of
the framework:

e Application time Although the exact time to apply the framework was not
recorded, each participant was asked to provide the appaigitime that was
spent to complete the framework. Table 3.4 shows the appeiei times to
complete the first and the second evaluation. As it can befseanTable 3.4,
the participants spent significantly less time analysiegRNIB home page than
analysing the Google Directory page. The time differenasvben two anal-
yses suggests that, after an analyst analyses three or rages,pit will take
him(her) quite a short time to apply the framework. Addiatiy some partici-
pants, for instance participant P2, indicated that the dinstlysis required a lot
more concentration than the second analysis because af befamiliar with
the framework and also with the concept of travel.

¢ Understanding travel We asked participants to rate their understanding of travel
on the Web before and after the evaluations. This is impbodsua better under-
standing can lead analysts to do more accurate and effioahtsas. After the
first evaluation, ten participants stated that the fram&wuoproved their under-
standing of travel on the Web. Participants P9 and P11 staéddhe framework
did not change their understanding, however it has chartggdpoint of view
regarding travel on the Web.

e Usability of the framework We asked participants questions concerning the
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difficulty of the overall framework and the two stages of treniework individ-
ually. After the first analysis, on average, the overall femrark and the first
stage, were rated as easy, and the second stage was ratedeaatecAfter the
second analysis, on average, only the rating for the secawge svas changed
from moderate to easy. This could be because of familiaritii the question-
naire in the second stage. These results suggest thatseftmal analysis, it will
be very easy for users to apply the framework.

In both evaluations, although the participants did not rdiffeculties classifying the
travel objects concerning the proposed classifications {able 3.1), the following
suggestions and feedback were provided:

e Participant P11 mentioned that location and position shoat be considered in
the same class, because they suggest different granukoitgxample; location
(Iam in Manchester), position (I am at the phone box, outdidd’recinct centre
in Oxford road in Manchester). In this context, some objaese providing the
location information but not the position, so it was diffictd answer some of
the questions concerning this class.

¢ In the definition of direction, we only considered the movebwdirection in the
page (up, down, left, right), but some participants staked it should include
the journey direction as well.

e Similar to direction, in the definition of distance, we onbnsidered the distance
in a page, for instance, how far is the traveller from thedrotof the page. Some
participants indicated that the journey distance showdd bE considered (e.qg.,
the number of links that a traveller should follow to reach tlestination).

Consequently, we modified and extended the travel objessifieations by addressing
these suggestions and feedbacks.
Finally, the following issues were also revealed from thaleations:

e 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 théuatson. Although
the site menu (9) object looks like a repetition of the sitenmg@ext) object (10),
actually it is not; they have different roles in the page ame framework can
draw the distinction between them. The site menu (9) obgatway edge but
the site menu (text) (10) is not. Similarly, site menu (t€%0) object is a travel
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memory but the site menu (9) is not. One Participant comndetitat these
objects are good examples that illustrate the importanteeoframework. Fur-
thermore, these objects also demonstrate what is missitextironly browsers
and the way screen readers render a Web page.

e Environment Although the participants were informed that the environme
composed of the underlying browser and the page itself, ofdle participants
did not identify the travel objects provided by the browddris could be because
participants usually use the same browser and after a wWigleuse the browser
instinctively, without considering the facilities prowed by the browser. When
they access the Web, the only changing thing in their enuent is the retrieved
page. Additionally, participant P11 stated that he (shd)mbt consider the
browser because it is the third party and difficult to chamgedify or improve,
but we could try to change or improve the design of the Web page

As a conclusion, the hypothesis was confirmed. All participavere able to create an
inventory, classify objects in that inventory and the reswlere consistent between the
participants. All the issues discussed above also denatastrat 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 oretiVeb has been intro-
duced. Then the travel analysis framework and its evalodtas been discussed. The
main goal of this framework is to identify travel objects teeate an inventory and
classify them concerning their roles in a typical journeyneTconducted evaluation
demonstrated that the framework is systematic and rigeueoough to be used as the
basis of our tool, Dante. The framework provides the growrévior the foundational
components of Dante and provides the basis for the annotatid transformation
components (see Chapter 5).

Although the travel analysis framework provides techngjieeidentify travel ob-
jects and their roles, we still need to associate identifitarmation with these objects
in order to make them accessible to tools such as Dante. Giséyeway of doing this
is annotating identified objects to make them and their rexgdicit [51]. Such explicit
annotations can make these objects easily accessibledmatgd tools. However, in
order to do this we need to capture knowledge regarding thlegets in a way that
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enables us to annotate them explicitly. A widely known wakmdwledge capturing is
creating “ontologies”. An ontology allows us to create atcolted vocabulary which
is computationally available. The following chapter expsaour ontology, WAfA,
which is created for this purpose. Fundamentally, WAfA de¢ a vocabulary that
can be used to annotate pages to make identified objectcilypdivailable. Dante
can then use these annotations to transform pages into arfavimnch the objects can
play their intended roles.

Even though the model of travel provides an understandintpefrequirements
of visually impaired travellers [46, 125], we still need tavie a good understanding
of the environment itself. The combination of understagdhthe user requirements
and the environment can enable us to provide better travehaoessibility support.
Although the travel analysis framework provides an undeding of how travel ob-
jects are used or needed to be used in a journey, we still leckibderstanding of
the underlying structure of the environment- that is Webegag/Vhat are the main
components or building blocks of Web pages, how do theyedtatach other, what
is the relationship between how these objects are presantkédsed and what is the
importance of contextual knowledge. Therefore, a part ofA@xplained in the next
chapter aims to answer these questions. In particular, @stdbogy is created for
capturing knowledge about the structure of Web pages.



Chapter 4

The WATA Ontology

The Web is a virtual environment through which people makereys. Moving
around in such an environment requires knowledge and utasheliang of visual ob-
jects, their properties and purpose in that environmene Vvibual design of the Web
provides implicit knowledge that sighted people use to mareeind; such knowledge
needs to be made explicit in order to be accessible when sahdesign cannot be
seen. This chapter presents an ontology, the WAfA ontoladiych aims to capture
parts of the knowledge regarding that environment in a matireg enables compu-
tational support for humans and technologies that canretrsevisual design. The
WATfA ontology mainly describes: structure (taxonomy ofuascomponents that con-
stitute a Web page), structural abstraction (the relakipssbetween components and
their connectivity) and meta-knowledge (principles and sérules).

Fundamentally, the WAfA ontology is composed of three satblmgies: author-
ing, mobility and contextual semantics. Authoring semamntiefine the structural
properties of Web pages, and similarly, mobility semantiefine the navigational
properties. Contextual semantics define concepts to ertbedeontext of a journey.
The main goal of this ontology is to drive the knowledge dniygpeline encoded in
Dante (see Chapter 5).

4.1 Motivation and the Purpose

The visual design of Web pages provide implicit knowledgs gighted people use to
move around. For example, the home page of the Royal'Ma# a large number and
variety of spatial visual cues (e.g., font, colour, laydables, figure, changes in the

'Seeht t p: // www. royal mai | . cond .
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background, highlighted areas, etc., see Figure 4.1).8¥hédse cues are mainly used
to create aesthetically pleasing environments and stegtthey actually provide vi-
sual guidance to ease access to the environment [119]. Howdwen we analyse the
HTML source code as screen readers do (e.g., Jaws), onhesn(#dgG tag), anchor
tags (A tag) and tables (TABLE tag) can be detected. But ifarefally investigate the
source code, the designer actually provides significaorinétion about these com-
ponents and the structure of the page in the comments, atasslaattributes, file
names and alternative text provided for images. For exanmplédne source code of
Figure 4.1, there are comments such as “Header”, “Menu”gt’p “Topnav”, etc.
However, since this kind of knowledge is not provided inamtrolled way, it is not
accessible to screen readers and to other user agentss tihdgsise natural language
processing techniques. Therefore, the encoded struéttoalledge needs to be pro-
vided in a form that is interpretable by user agents. Theeefone part of the WAfA
ontology encodes concepts to describe the structural grepef Web pages.

If we further investigate Figure 4.1 and look at it from thaviel perspective there
are a number of travel objects on this page. For exampleptie ¢f the Royal Mail
can be considered as a unigue and memorable feature of tirerenent [66] — a
landmark orreference point Distinctive colours used for sidebars can be considered
asway edgesthey are used to separate main content from the “side” abnté/e
need to make navigational as well as structural properfié¥el pages explicit and
computationally accessible so that user agents can proetier travel support. The
WATFA ontology is an evolving ontology for describing the fadational model of Web
pages; it is concerned with the representation of conceptselationships necessary
for the modelling of the structural and navigational prajesrof Web pages. The main
purpose of this ontology is to drive the annotation pipeéneoded in Dante.

WACfA is regarded as foundational for two reasons: 1) thecstmal concepts and
relationships focus on providing basic components of Wajepand their relation-
ships rather than addressing a specific type of Web pagerj@]2athe concepts refer
to vocabularies used in a number of domains such as hypeardeslign [72], transcod-
ing ? literature [24, 58], etc., and so are generalised to allgliesnains. The ontology
does not provide a model of the content of a Web page [10] kaitris to provide a
model of the structural and navigational organisation of ebWage. However, the
content and the structure are interlinked; the way a doctimestructured is based on

2Transcoding is the process of transforming the representation of théemiinto another format
(seehtt p: // www. resear ch. i bm conml net wor ked_dat a_syst ens/ transcodi ng/).
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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 affeststhe reader reads and
comprehends the content [118]. As McKniggttal. [77] pointed out, readers tend to
processtructurefor retention tasks ancheaningfor comprehension tasks. Therefore,
our aim is neither to separate the structure from the comeinto address the mean-
ing of the content, but to make the structural and navigatiproperties explicit and
computationally accessible.

4.2 The Design Process

There are a number of methodologies for designing ontatoj@e, 42, 75, 92, 112].
These methodologies mainly include a set of stages that edoen building ontolo-
gies, guidelines and principles to assist designers, aifie-ayicle to indicate the rela-
tionships between the stages. Methodologies broadly €ivithb those that are stage
based (e.g., TOVE [112]) and those that rely on iterativeweng prototypes (e.g.,
Methontology [42]). These methodologies are in fact cormgetary [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 ontologyis @pproach, 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 Methtology. A large
part of the knowledge encoded in WAfA is extracted from thedrnedia au-
thoring literature [72], transcoding literature [24, 58Jark-up languages [115],
Web accessibility work [87, 109], voice interfaces [91], £6ohort, etc. The
analysis of existing Web pages (e.g., comments, id ategytc.) and the travel
analysis framework presented in the previous chapter alstrsibuted to the on-
tology.

Knowledge Representationinvolvesconceptualisatioandimplementatiomctivities.
Methontology defines these as the development activi@esiceptualisations
the activity of identifying the key concepts, their propestand relationships.
Since we used existing literature to identify concepts, sedua bottom-up ap-
proach to build the ontology; we started with most specifiospts and grouped

3Seent t p: / / www. W3. or g/ St yl e/ CSS/ .
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them into categories. Thenplementatioractivity is representing the conceptu-
alisation in a formal language. The ontology was implemeong OWL [76].
Throughout the implementation stage, we also focused dnatiag the techni-
cal correctness of the ontology (e.g., consistency, realucy etc.) [47].

Knowledge Deployment In this stage, the WAfA ontology is deployed in Dante. The
deployment process was important to evaluate and refinerttobogy. For ex-
ample, when we started to annotate pages in Dante, somexgnegsicepts were
identified so we turned back to the previous stages and addse concepts
to the ontology. The transformation part also helped us ¢atifly some prob-
lems with the encoded hierarchy which we later augmentedtteibsupport the
transformation techniques encoded in Dante.

The overall process was iterative; a rough first version efdhtology was imple-
mented and then deployed in Dante. This highlighted sombeofsisues that needed
further investigation. Augmenting the ontology to addrés=sse issues helped us to
refine it. Then we continued applying the same process un@ibhtology was in a
satisfactory form to support the annotation and transftiongprocesses encoded in
Dante. The iterative process was important to ensure teabrtology was evaluated
at every stage of the design and implementation processes.

4.3 The Implementation

Fundamentally, WAfA has the following three componénts

e TaxonomyConcepts are organised in a superclass-subclass hieraritoh is
also known as a taxonomy. It provides specialisation anceigdisation rela-
tionships between concepts which are introduced to enhblsharing of some
properties between concepts. This mainly provides theetkelof the founda-
tional model (e.g.Header is-a Chunk). Besides thdas-a hierarchy,part-of
relationship also provides a part-whole hierarchy in thef/antology. We
will discuss this in detail later.

e Structural abstractiordescribes the relationships of the concepts in the taxon-
omy (e.g.Logo part-of Header).

“4Different typographies used in this chapter have the fdlgwassociations: Names of concepts
represented in the ontology are@our i er New f ont ; relationships between concepts are in italics
enclosed by hyphens, e.gart-of.
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¢ Meta knowledgerovides some principles about the overall model (e.gjodis
(Header , Foot er ) which means an object cannot be a header and footer at the
same time).

Fundamentally, the ontology is organised as three sublagits. Table 4.1 provides
an overview by presenting higher level concepts and the euwittheir children.

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 Ayt hori ngConcept . Addi-
tionally, the concepts subsumed Bpnnecti on, Cover age, Posi ti on,
Order andSt ruct ur e are used to define thsut hor i ngConcept s (Sec-
tion 4.3.1);

Mobility Semantics Encapsulate knowledge about the travel objects from redbwo
mobility studies. This part of the ontology focuses on howdbjects aresedin
a typical journey. Objects can have a journey role which ddpen the context
of the travel task and can also have one or more environmeaiésl depending
on the underlying environment. The concepts in this parhefdntology are
subsumed by thkbbi | i t yConcept (Section 4.3.2);

Contextual Semantics A Web journey can take place in different contexts and con-
cepts in this group provide contextual knowledge about an@y such as the
purpose of the journey being undertaken, etc. The conceptss part of the
ontology are subsumed by tReir pose concept (Section 4.3.3).

These sub-ontologies of the WAfA, particularly authorimglanobility semantics,
provide three levels of knowledge about the page itself wihscillustrated in Fig-
ure 4.3. In the first and basic level, HTML and CSS is considiéoeprovide knowl-
edge about the physical and presentational propertiesegidge components. In the
second level, some HTML elements and the authoring sensgmtivide information
about the logical structure of the page and in the last lenehility semantics are used
to provide knowledge about the navigational properties. éxample, in Figure 4.1,
object marked as 2, is an image in the HTML source code. Bygusur authoring
concepts, we can specify that object dsomyo which provides information about the
structural inventory of the page. Finally, with mobilityrozepts, we can represent that

5The complete ontology is available &t t p: // augnent ed. man. ac. uk/ ont ol ogi es/
waf a. ow .
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Part of the | Concept(Children of Thing) Example Children Total
Ontology Children
oj ect
1.Authoring Aut hor i ngConcept
Semantics: At om Logo, Headli ne, 43
Foot not e.
Chunk Header, Li nkMenu, 42
Section, Abstract.
Node Represent a Web page. 0
Col Il ection Represent a Web site. 0
Defining Connecti on Associ ati veConnecti on, 3
Authoring Ref erenti al Connecti on.
Semantics: | Cover age Inter, Intra. 3
Posi tion Associ ati vePoi nt , 2
Cur r ent Poi nt .
O der Al phabeti cal O der 5
Structure Hi erarchy, Linear. 4
2.Mobility Mobi |'i t yConcept
Semantics: Envi ronnent al Rol e | WayPoi nt, 14
Travel Assi st ant.
Jour neyRol e bst acl e, Cue, 7
Qut OF Vi ew.
3.Context Pur pose bj ect Pur pose, 14
Semantics: Travel | er Pur pose.

Table 4.1: The overview of the WAfA ontology.

object as &ef er encePoi nt which provides implicit knowledge about the location
of the traveller (see Table 4.2 for more examples).

Although our ontology is chiefly an asserted superclassiasb {s-a) hierarchy,
part-whole relationships also play an important role inrgresentation. Even though
OWL does not provide any special constructs for dealing wért-whole relations, it
contains sufficient expressive power that allows us to ssprepart-whole relationship
in the WAfA ontology’.

The formal theory of part-whole relation is called “meregpjt. Different part-
whole relationships are identified in the literature. Wamsgt al.[117] differentiate six
types: (1) component-integral object (pedal-bike), (2)wher-collection (ship-fleet),
(3) portion-mass (slice-pie), (4) stuff-object (steetyc45) feature-activity (playing-
shopping) and (6) place-area (Everglades-Florida). Atiagrto this classification, in
the WAfA ontology, we are representing component-integbgéct relationship when
we talk aboutpart-of relationship. An integral object is defined a particularckiof

6See  http://ww. w3. or g/ 2001/ sw Best Pract i ces/ OEP/ Si npl ePar t Whol e/
i ndex. htn .
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Increased
knowledge about
the page itself

Navigational
Properties
Mobility Semantics
e.g., Reference Point

Structural Properties
HTML and Authoring Semantics
e.g., Logo, SiteMap, SiteIndex
Physical & Presentational Properties
HTML and CSS
e.g., Img, bold, italic, etc

Figure 4.3: Knowledge about a Web page.

whole which is divided into components. Winstetal.[117] also define three relation
elements to define different types of part-whole relatigpshfunctional, homeomer-
ous, and separable. Functional indicates that the part fuston with respect to the
whole; homeomerous means that the part is identical to tier glarts making up the
whole; and separable means that the part can be separatedhieovhole. Compo-
nent/integral object relation is defined as functional,mmmeomerous and separable.
Therefore, in the WAfA ontology when we define “Logopart-of Header” we mean
the logo has a specific function with respect to the wholesaad resemble other parts
of the header, and can be separated from the whole (Headsme Sther representa-
tion details ofpart-of relationship are as follows:

Transitive property The part-whole relation is transitive and OWL allows us tecp
ify that. For example, if A is part of B, and B is part of C, thendpart of C.
For example, in Figure 4.1 at the tdg, nk labelled as “Send and receive mail”
is-part-of Li nkMenu (3), andLi nkMenu is-part-of Header (1), thenLi nk
labelled as “Send and receive mai$-part-of Header . But we also need to
create restrictions about the direct parts of certain kofdsbjects, therefore we
introducedis-direct-part-of property which is a sub-property of the-part-of
and is not transitive. For example, if A is direct part of B @& direct part of
C, then we cannot say that A is direct part of C.

Inverse property OWL supports inverse relations, so we deflras-partas the in-
verse ofis-part-of which is also transitive. Therefore, if we are talking about
linkmenu which is an instance of thel nkMenu class andheaderwhich is an
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AuthoringConcept

wafa:is__,-f;art—of wafa:ivvé"agart—of

A

rdfs:subClassOf  rdfs:subClassOf

wafasis:part-of rdfs:subClassOf

rdfs:siibClassOf rdfs:subClassOf  rdfy;subClassOf

_SpecialGraphic_> @
X

rdfs:subjClassOf rdfs:subfClassOf

A

rdfs:subfClassOf

Figure 4.4:part-of hierarchy vsis-ahierarchy.

instance of thédeader class and if we know thdinkmenu is-part-of header,
then we can say thaeaderhas-partlinkmenu. We also introducetias-direct-
part property which is a sub-property of theas-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 showsxample hierar-
chy of both by using the objects identified on Figure 4.1. Banaple, in the
part-of hierarchy,Li nkMenu is-part-of a Header and in theis-a hierarchy,
Li nkMenu is-aNavi gat i onal Li st .

The following sections present the three subontologiegtaitl 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 understandf a Web page struc-
ture. It defines a vocabulary that is already widely used iwithe Web commu-
nity to describe components of Web pages which is not fogmatplained and de-
fined [24, 58, 72, 87, 91, 109, 115]. When we analyse HTML sewades, apart
from the HTML elements, designers put a lot of knowledge abweistructure in their
source code. But since structural elements in HTML (e.g-H#) are not extensive
enough, such knowledge is not encoded coatrolledway.
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HTML’ is a mark-up language. Mark-up is conventionally dividetbithree
classes: presentational, structural and descriptivernasgc [29, 77]. With presenta-
tional mark-up, the visual form of the document is direcpigsified which controls the
output interpretation by output devices (e.g., PDF). Stmad mark-up provides a set
of tags to represent the logical structure of a document, (eageX, DocBook [115]).
Descriptive mark-up considers a document as structuregtctsbfgontaining semanti-
cally interpretable parts (e.g., XML Since no directions regarding presentation are
included either with the structural and semantic mark-ine, interpretation of the
tags occurs entirely within the output system [77]. HTML iSeandard General-
ized Markup Language (SGM1) application; it provides a fixed set of tags and was
originally designed to present the logical structure of dloeument!. However, its
element set is extended with a number of presentationalegitsn Therefore, HTML
mixes structural (e.g., H1.H6, P, TITLE elements) and presentational mark-up (e.g.,
B, | elements). Although XHTME? and CS$? are promising approaches to separate
presentation of the page from its content and logical stinectthe available HTML
tags support the description of structures of limited caxipy. Therefore, in order to
create complex structures, designers still continue tgussentational tags to achieve
their design goal. Our authoring concepts can be considesesktending existing
HTML elements or the vocabulary used for structural marktasupport better logi-
cal structuring of Web pages.

Fundamentally, the concepts in this part of the ontologerréd the basic con-
structs such as header, summary, abstract, footer, intiexAecording to McKnight
et al. [77], these generic structures would be seen as landmaakptbvide readers
with information about where they are in a text, just as sagtg, building and street
names aid navigation in physical environment. These cocistrare also important
spatial cues that are not only important feadingdocuments successfully but also for
supporting the notion afisingthe text [118]. With these concepts, we aim to describe
the logical organisation of a Web page, by abstracting frioenphysical organisation.
The physical components of a Web page would be a set of iméigé€3) (links (A),
etc., but its logical components would be a header, a sitektap

"Seenht t p: / / www. W3. or g/ TR/ ht ml 4/ .

8Seent t p: / / www. | at ex- proj ect.org/ .

9Seent t p: / / www. W3. or g/ XML/ .

10seeht t p: / / www. w3. or g/ Mar kUp/ SGWL/ .

Hseeht t p: / / www. w3. or g/ Mar kUp/ hi st ori cal for more information.
12Seeht t p: / / www. w3. or g/ TR/ xht ml 1/ .

13Seeht t p: / / www. w3. or g/ St yl e/ CSS/ .
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The upper level concepts of this part of the ontology, whiehcmnsidered as basic
units of overall structural organisation akst: om Chunk, Node andCol | ect i on.
These concepts form the top-level categories ofiha hierarchy. They also aim
to support easy integration of new ontologies to the WAfAobogy. They can be
considered as foundational concepts as in DOLCE [43] thatbeaused as a starting
point to extend this ontology. The definitions of these cptealong with their OWL
concrete abstract representatfoare as follow$™:

Atom A coherent object that cannot be logically decomposed. iPalsgwe might be
able to divide the object but the divided parts cannot be imtieand presented
on their own (e.g.Li nk, Capti on, Foot not e, Logo, Adverti senment,
etc.). For example, an advertisement can be a compositisevefral images, but
in fact they all represent only one advertisement. In thezdilure, they are also
referred as basic objects [25].

Chunk Several objects grouped together to form a coherent ugit, (deader ,
Foot er,Secti on,Abst ract,Li nkMenu, Si t eMap, etc.). As pointed out
by Miller [78], chunkingis a quite natural way of presenting information and
such units are important to preserve the content integratit ease the use and
recall of information. In the literature, they are also reée as fragments [58],
semantic textual units [21], blocks [25, 79], compositeeatg [24], units or
nodes [77].

Class(wafe&Chunk partial Aut hor i ngConcept
intersectionOf(
restriction(wafahas-direct-part
someValuesFrom(unionOf(wa@Zhunk wafaAt om)))
restriction(wafahas-direct-part
allValuesFrom(unionOf(waf@hunk wafaAt om))))

This represents that@unk should have at least one part that is eitGeunk
or At omand if it has a direct part then it has to be eitBaunk or At om

Node A composition of atom(s) and chunk(s) to form a meaningfolugr which we
use to represent a Web page.

l4Seeht t p: // ow . man. ac. uk/ 2003/ concret e/ .
5The prefix “wafa” represents the URI of the WAfA ontology.
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af&_{;—: has-direct-part

wafa: has—édirect- part

¢ wafa:has-direct-part

wafa:has-dir:éct-part A

; wafa has-direct-part
i wafg:.hz'i's-direct-part

Figure 4.5: Relationships between top-level concepts dhdung Semantics.

Class(wafdlode partial Aut hor i ngConcept
intersectionOf(
restriction(wafahas-direct-part
someValuesFrom(unionOf(wafzhunk wafaAt om)))
restriction(wafahas-direct-part
allValuesFrom(unionOf(waf€hunk wafaAt om))
restriction(wafahas-title allValuesFrom (wafdi t | e))))

This represents thatode should have at least one part that is eitBaunk
or At omand if it has a direct part then it has to be eitBaunk or At om

Collection A collection of nodes, meant to represent a Web site.

Class(wafeCol | ect i on partial Aut hor i ngConcept
intersectionOf(
restriction(wafahas-direct-part
someValuesFrom(unionOf(wafdode wafaCol | ect i on)))
restriction(wafahas-direct-part
allValuesFrom(unionOf(wafélode wafaCol | ect i on)))))

This represents that@ol | ect i on should have at least one part that is either
Node or Col | ecti on and if it has a direct part then it has to be eithede
orCol | ecti on.

Figure 4.5 illustrates the relationships between thesdetog concepts.has-direct-
part property enabled us to create restrictions about the doats of these concepts.
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For example, &ol | ecti on (a site)has-direct-parta Node (a page) but it cannot
have aChunk as its direct part. However since we have tas-parttransitive prop-
erty which is the parent property bas-direct-partwe can say that @ol | ecti on
has-partaNode, and aNode has-parta Chunk therefore &ol | ect i on has-part
a Chunk. Based on these top-level concepts, some other examplitiests are as
follows:

(1) DisjointClasses(waf@hunk wafaAt om

(2) DisjointClasses(waf@hunk wafaNode)

(3) DisjointClasses(waftibde wafaAt om)

(4) DisjointClasses(waftibde wafaChunk)

(5) DisjointClasses(waftibde wafaCol | ect i on)

(6) DisjointClasses(waf@hunk wafaCol | ecti on)

(7) DisjointClasses(wafat omwafaCol | ecti on)

(8) ObjectProperty(wafhas-parttransitive inverseOf(waf&-part-of))
(9) ObjectProperty(wafes-part-of transitive inverseOf(wafaas-par))

(1-7) represents thait om Chunk, Node andCol | ecti on are disjoint classes;
an object cannot be @Ghunk, At om Node andCol | ect i on at the same time. (4)
and (5) are used to describhas-partandis-part-of properties which are transitite

Navlgal\onalLlsl OrderedL\s( UnorderedLlst BreadcrumbTrall Deilnmonusl

@ ShoppingCart DropDownLinkMenu WebDirectory 0 - -

Figure 4.6: The specialisation of the concept “List”.

Another example concept from this part of the ontology islthet concept. We
particularly focus on functions and presentations of ddifie kinds of lists and form
the is-a hierarchy in Figure 4.6. We also have @nder concept which has sub-
concepts:Al phabeti cal Order, Hi erarchi cal Order, Nuneri cal Order,

18For detailed information, refer tot t p: / / www. w3. or g/ TR/ owl - f eat ur es/ .
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Spati al Order andTenpor al Or der. These ordering concepts are used to pro-
vide knowledge about different kinds of lists we have (segufé 4.6). Some class
definitions of the sub-concepts of thest are as follows:

(1) Class(wafd:i st partial wafaChunk)
(2) Class(wafd:i nkMenu partial wafaNavi gat i onal Li st)
(3) Class(wafddavi gat i onal Li st partial wafa:List
restriction(wafahas-partsomeValuesFrom(wafa:Link)))
(4) Class(wafébi t eMap partial wafabi r ect ory)
IntersectionOf(
restriction(wafahas-order
allValuesFrom(wafadi er ar chi cal Or der)
restriction(wafasupports-movement
allValuesFrom(waf&ol | ect i onW de)))))
(5) ObjectProperty(wafaas-orderrange(wafedr der))
(6) ObjectProperty(wafaupports-movement

(1) represents thatlai st is a kind of Chunk that has parts which can [# omor
Chunk but notCol | ect i on (for the definition ofChunk, see Page 80). Similarly,
(2) represents thatla nkMenu is a kind ofNavi gat i onal Li st which has at least
onelLi nk as its part represented with (3). (4) represents tl&tteeMap is a kind of
Di r ect ory that has a hierarchical order and supports a collection wideement
(e.g., a Web site). (5) and (6) are used to defias-orderand supports-movement
properties.

Some particular concepts in this part of the ontology are eplained by using the
home page of RoyalMail. Figure 4.1 highlights these objects Table 4.2 provides
documentation and hierarchical information. Descripgiohall 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 treevel objectdased on the model

of travel. The travel objects are mainly grouped into thre@y points orientation
points and travel assistants Objects might have a specific role in an environment,
referred to agnvi r onnent Rol e, and based on the context, they might have another
journey role, referred to akour neyRol e in the ontology (see Table 4.3). Therefore,
besides the travel objects we also have concepts that an¢ thiegourney roles of the
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No Authoring  Con- | Documentation is a kind of Mobility Concepts
cepts
1 Header Is printed at the top of a page and can inclydéhunk Way Edge
a company logo, the page title, etc.
2 Logo An emblem or a device used to identify theSpeci al Ref erence
page or a site. Graphi c Poi nt
3,4,8 Li nkMenu Alist of links meant to represent a menu. | Navi gati onal | Navi gati on
Li st Poi nt
5 Sear chEngi ne | Consists of a label, an edit box and a buttor). Chunk I nformation
Poi nt
6 Br eadcr unb Representation of how and where informatiphi st Location &
Trail is located within a Web site. I nf ormation
Poi nt
10 PageTitl e The title of a page. Title Identification
Poi nt
7,22 Si debar A short, auxiliary information that is usually Chunk Way Edge
presented alongside the main content.
12 Headi ng Indicates what the part of the page below] i&t om Identification
about. Poi nt
13 Referenti al Provides a link between an item of informatigri.i nk Navi gat i onPoi nt
Li nk and an elaboration of that information.
9,11,14,15| Chunk Several objects grouped together to form a céwt hori ng Way Poi nt
16,17,18,19 herent unit. Concept
23 Adverti senment | A chunk that is advertisement, usually apiAt om Attention
mated and graphic.
20 Foot er Is printed at the bottom of a page and can [irGhunk Wy Edge
clude copyright information, a list of links, et¢.
21 Copyri ght Is a note about the copyright and is positiorleHoot not e Way Poi nt
at the bottom.

Table 4.2: Example travel objects on the home page of Roydl Ma

objects. An object can be either @st acl e or Cue. An Qbst acl e is an object
that directly or indirectly obstructs the progress of athr to a specific destination
and aCue is an object that orientates and encourages onward nawigg6]. The
journey role is context dependent, for example a graphécrsdp could be a cue to a
sighted user but it could be an obstacle to a visually impaiiser.

4.3.3 Contextual Semantics

The concepts in this part of the ontology aim to encode can&xnformation about

a typical journey. Web users are people that have diffetdhs shabits, motivations,

intelligence, intentions, etc., that they bring to the comep when using the Web. Its
highly possible that potential users will come from all wsatK life and age groups [77].
Obviously, all these issues affect the experience of udiegWeb. We do not all

interact with the text in the same way. The five things thatraportant for the journey
experience are: (a) the current travel purpose, (b) the (ethe presentation form,
(d) the timeliness of access and feedback, and (d) the usat.ag
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Jour neyRol e
Cue
Cbst acl e
NonExi st Gbstructi on

Exi st Gbstruction

Qut OF Vi ew
Qut O Range

I nvisible

Envi ronnent al Rol e
Way Poi nt
WayEdge
Ref er encePoi nt
Deci si onPoi nt
I dentificationPoint

Attention
Al ert

Navi gat i onPoi nt

Ori ent ati onPoi nt
Ref er encePoi nt
Di st ance

Direction

Location

Travel Assi stant s
I nf or mat i onPoi nt
Travel Ai d
Travel Support
Travel Menory

Orientates or encourages onward navigation.

Obstructs the progress of a traveller to a specific desbinati

The traveller is hindered in the completion of a successfuijey because of a missing
object.

The traveller is hindered in the completion of a successiufrjey because of existence
of an object.

Is below the current viewable area and the objects in theabénarea do not lead onto
or suggest the presence of such an object.

Is not in the appropriate format or the environment does notige the appropriate
instrument to access them.

Linear or continuous element that acts as a boundary betimeeareas.

A unique and memorable feature of the environment.

A choice point where alternative paths of travel are possibl

Provides elementary state description of a location andusilly perceived when the
destination is reached.

Attracts traveller’s attention and may change the travslfecus.

An object that alerts the traveller to a change in the enwrent or control of the
journey.

Provides a possible route and the traveller exercises sontetby choosing to follow
or not to follow it.

A unique and memorable feature of the environment.

Provides distance information that may indicate distamomfthe traveller's starting
position or from the traveller's destination.

Provides directional information that is essential to tl@igator’s ability to remain
orientated within the environment.

Provides location or position information explicitly.

Is a medium from which a traveller can directly request obinfation.

Provides an overview of the environment.

Supports a journey that a traveller is actually being guithedughout.

Holds information about where the traveller has been andigees means to get back
there.

Table 4.3: Mobility semantics.

This sub-ontology aims to address these issues, by patigfibcusing on the pur-

pose; this could range from the travellers’ purpose (enformation seeking, survey-
ing, orientation, navigation, browsing, scanning, eto.)thte travel objects’ intended
purpose which is in fact the designers’ purpose (e.g., Aasation, AidsOrienta-
tion). Section B.2 in Appendix B presents this sub-ontologgetail.

One of the possible roles thebntextual semantiasould fulfill would be to obtain
enough knowledge about the traveller’s purpose and tofosemspages accordingly.
For example, if the traveller wants to scan a page, we coylitprovide an overview
of the page or if he (she) wants to orientate himself (hergethe environment (wants
to learn where he (she) is in the environment) we could pewidjects that support
orientational information such as a title, logo, etc. Tialgects can also play different
roles in different contexts, for example, for a visually iamed user, a graphic can be an
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obstacle in the context of information searching but a cubercontext of orientation.

The main problem with this contextual information is thasidifficult to obtain.
Typically, the traveller's purpose is not explicitly speed (or well-defined) and also
the traveller can engage in many different purposes as (gkels through the en-
vironment. Therefore, we are not currently using this pathe ontology in Dante.
However, in the future work, we are planning to incorporate ithe transformation
process which will enable us to address the user requirenhettier.

4.4 Summary and Conclusions

This chapter has introduced the WAfA ontology that aims tvjate a vocabulary to
define navigational and structural properties of Web pa@sse part of the ontology
encodes knowledge about the objects that support movemntéi\Web pages (navi-
gational properties) and another part encapsulates a wacglhat refers to hyperme-
dia authoring literature [72], transcoding literature,[88], mark-up languages [115],
Web accessibility work [87, 109], voice interfaces [91],<&hort’, etc. (structural
properties).

The main reason for creating this ontology is to encapsuiegd&nowledge about
Web pages in a computationally available form. The ontology be used to make
properties of pages explicitly available to technologlest tannot see and access the
visual properties. The following chapter explains Dantdchvhencodes a pipeline
approach driven by this ontology. The pipeline accepts Wajep, annotates visual
objects with the knowledge encoded in the ontology, andsfoams pages accordingly
to enhance the mobility support for visually impaired usdise extensive knowledge
encoded in the ontology enables Dante to transform a Web pagewvay that the
visual objects on that page can play their intended rolesnoravisual presentation
(e.g., audio).

The WATfA ontology was designed for providing machinery soipfand plays a
central role in Dante. Therefore, apart from the technisaleations such as de-
termining its consistency, completeness, redundancy, j@¥Would be insignificant
to evaluate WAFA on its own. In this thesis, the evaluatiorW#&fA is done prag-
matically within Dante by assessing its competency to Satie requirements of the
knowledge-driven pipeline encoded in Dante. WAfA was itieedy and incrementally
implemented, deployed, and evaluated until it was in afeatigry form to support

7Seeht t p: / / www. w3. or g/ St yl e/ CSS/ .
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annotation and transformation processes in Dante. Heneasievaluated throughout
the entire process. The details of the technical evaluaaorbe found in Chapter 6.

Although the main reason for creating this ontology is totiove the mobility of
visually impaired users around the Web, the WAfA ontologgvyiies a foundational
model that can also be used in any other work that requiresndarstanding of the
Web environment. For example, it can be used as a vocabueasyrharkup language
or for creating (or presenting) Web pages for small scregitdeisers 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 aoohé support of travel
and mobility for visually impaired Web users. The main goaDante is to identify
travel objects on the Web pages, discover their role(s)otat@ them with the WATA
ontology and transform pages accordingly to enhance thaded mobility support.
Dante uses a pipeline approach to perform the annotatiohe.aim is to make the
travel objects and their roles explicit. Although annata make these objects ex-
plicit, the relationship(s) between them are still imglicitherefore, an RDF Editor is
introduced to create relationship(s) between the anrebtdigects. Dante then uses the
annotations and their relationships to transform pagesimguifferent techniques.

5.1 Dante Approach and its Architecture

Dante is built upon the Travel Analysis Framework preseime@Ghapter 3. It is an
experimental prototype based on Mozilawhich can be considered as a “proof of
concept” tool. It aims to demonstrate that if the structarad navigational properties
of Web pages are made computationally available, a toolleamuse such information
to transform pages in different ways which will provide leeticcessibility support for
visually impaired users.
The idea behind Dante is to analyse Web pages in order tocéxteael objects

and annotate them with terms from the WAfA ontology. The dations, which are
a way of associating knowledge encoded in the ontology Wwigisé¢ objects, guide the

lseeht t p: // ww. mozi | l a. org/ .
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Figure 5.1: The basic architecture of Dante.

Heuristics

transformation of Web pages to enhance travel and mobitity.the transformations,
Semantic Web technologies are used. However, unlike ottenples [51], a Web
page is not annotated to convey the meaning, but to suppdutity@nd convey infor-
mation about the page itself including its structural andigretional properties. The
architecture of Dante is depicted in Figure 5.1 which canumersarised as follow’s

1. Identifying and extracting travel objects;
2. Discovering their roles — navigational and structuralgarties;

3. Annotating the extracted objects by using the WAfA onggl@3A) and creating
relationships between these annotations (3B);

4. Transforming the page with respect to these annotatimh&eir relationship(s).

This knowledge-driven pipeline is implemented as a numbetug-ins (sidebars) to
Mozilla. Mozilla is not only a browser but provides a platiofor building applica-
tions [17]. In order to develop Dante plug-ins, we used tHefang technologies
required by that platform: XUL (XML-based User-interfacariguage) to create the

2Seeht t p: / / annot at i on. semant i cweb. or g.
3The list numbers below represent the components numbeitadi in Figure 5.1.
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structure and content of the user-interface, Javascript@®gramming language to
create the functionality, CSS (Cascading Style Sheetgette the look and feel, XP-
COM/XPConnect (Mozilla’s component object model) to asc84C++ libraries from
Javascript, XPInstall (Cross-Platform Install) to padckdhge application to provide
easy installation on any platform, and Gecko which is Mazlrendering engine to
access the DOM (Document Object Model) representation aige p

Figure 5.2 shows how the home page of ACM, which is also usethaxample
in Chapter 1, is transformed by Dante. This figure aims to idean overview of the
Dante pipeline. The first stage is to analyse the page by tis&nfravel analysis frame-
work. In Figure 5.2 (1,2) objects suchlasgo, Header , Headi ng, Li nkMenu and
Chunk are identified which are Authoring semantics in WAfA. The figl1,2) also
shows how these objects map to the Mobility semantics. Thestage in the pipeline
is the annotation of the identified objects. In order to dd tha COHSE annotator is
used with the WAfA ontology (Figure 5.2, 3A). COHSE stores@atations externally
and then the transformation component uses these extemmategions to do the trans-
formations. Even though the annotations make the travelotdgexplicitly available,
the relationship(s) between these objects is still missifige Dante RDF Editor is
used to create such relationship(s) (Figure 5.2, 3B). Famgte, ahas-headinge-
lationship is created between the tGpunk and the identifiedHeadi ng object. In
the final stage, the Dante transformer uses the annotatefermed by the COHSE
annotator and the relationships created by the RDF Editfratpment the page into
several pages and create a table of contents to link thegmérats (Figure 5.2, 4). The
following sections discuss the pipeline in detail.

4Conceptual Open Hypermedia Service (COHSHE)t(p: / / cohse. man. ac. uk).
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5.2 Annotating Web Pages

Semantic annotation is one of the core technologies for dragatic Web. It is the
process of semantically enriching Web pages by adding ratta that they are not
only understandable by humans but also by machines. Fundaltyethere are two
main Semantic annotation approaches: manual and autoriviimual annotation ap-
proaches allow users to define annotations by hand. Autoraatiotation approaches
focus on extracting annotations automatically by usinded#it techniques such as
machine learning, natural language processing techniaies [51]. We surveyed
annotation tools and techniques to find out if we can use atiegitool to do the an-
notations in Dante However, our survey revealed that most of the existingstaod
techniques focus on the annotation of the content ratharttieastructure of the pages.
Some tools are available to annotate pages when they amgnddsand created
(e.g., SMORP). Although this is an important approach, there are a hugeou of
existing Web pages, so being able to annotate them is crudiateover, we wanted
to demonstrate the applicability of the Dante approachresefceating pages automat-
ically annotated with the WAfA ontology. The OntoMat-Animer ’ is a tool that can
be used with existing pages but it injects the annotatiorthégage. Since most of
the time, Dante would work with third party pages, it is imjaort to be able to keep
annotations externally. Another project is Annofeahich is a W3C project that al-
lows structured standoff RDF annotation of Web pages. RRFietadata framework
which has a simple structure. It has three main compondmssubject, predicate and
object which make an RDF statement or triple. The Annotegeptaises the RDF
framework to create statements about part of a page [67]eXxample, with Annotea
a simple annotation can be created that points to this pgragassuming that it is an
HTML document and using XML Pointer Language (XPoifitavhich says “I do not
understand what you are talking about!” (see Figure 5.3hdlgh Annotea provides
flexibility of addressing parts of a page, its main focus igext annotation and does
not have any link to ontologies. For the Dante approach, & iwgortant to create
annotations that are somehgantrolledby a vocabulary (i.e., the WAfA ontology) so
that the transformation component can access the annwtatial transform pages.
COHSE supports ontology based annotation of Web pages [&Jopposed to

5Seenht t p: / / annot at i on. semant i cweb. or g/ t ool s for the list of annotation tools.
6Seenht t p: / / owl . mi ndswap. or g.

’SeeSeeht t p: / / annot at i on. semant i cweb. or g/ ont omat / .

8Seent t p: / / www. W3. or g/ 2001/ Annot ea/ .

9Seent t p: / / www. W3. or g/ TR/ xptr/ .
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Subiect - Predicate - Object

dc:creator

I don't understand what
you are talking about!

Figure 5.3: Example RDF triples of an Annotea annotation.

some other tools, COHSE keeps annotations externally. TIdSE annotator also
uses XPointer expressions to identify a region of a docuraadtis based on two
services: arAnnotation servicevhich supports annotating resources and querying
existing annotations, and &ntology servicevhich supplies operations relating to
the content of an ontology (Figure 5.4). The COHSE annotatonplemented as a
Mozilla sidebar which we used to do the annotations in Dalt&llows users to load
an ontology and Figure 5.5 shows a screenshot of the siddtzar thie WAfA ontology
is loaded. Figure 5.6 and Table 5.1 show the objects idettifrethe home page of
Java. In order to annotate these objects with the COHSE atundFigure 5.5), the
process is as follows: First a part of the page is selectedh@h a concept is selected
from the list of concepts of the loaded ontology (2) and thessging the “create” but-
ton adds the annotation to the specified Annotation servitiehwis a database at the
back-end (3). The other components of Dante are mainly baséae extended archi-
tecture of COHSE, patrticularly the Annotation service. sTWas one of the reasons
for choosing the COHSE annotator for creating annotatitirigives us the flexibility
of re-using existing services and extending them to meeteirements of Dante.
Although we are using the COHSE annotator, the underlyimpgation approach

e
Add, delete, retrieve, Annotation
query Annotations Service DB

Query Ontology \—»
Ontology Service

COHSE
Annotator

Ontology

Figure 5.4: The architecture of the COHSE Annotator.
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Figure 5.5: Annotating the home page of Java with the WAfAotogy.

of Dante is based on a flexible pipeline. Figure 5.7 illugsahis pipeline which can:

1. receive inputs from different sources and in many forngatg., DG° RSS!,
manual annotations done by using annotation tools such &SEQetc.);

2. harmonise these inputs into a canonical form by using évrtly semantics;

3. annotate pages automatically based on a heuristics hy tis¢ Authoring se-
mantics;

4. translate between annotation vocabularies, such asAughoring semantics to
Mobility semantics, to provide extensive knowledge abbaete objects;

5. use such knowledge to transform Web pages into altemé&tivns to provide
better travel support.

Fundamentally, the WAfA ontology provides a common, shawmzhbulary that the
annotation and the transformation components of this pip@pproach can communi-
cate. The components numbered on Figure 5.7 relate to thearaiitecture of Dante

°Dublin Core Metadata, see t p: / / dubl i ncore. org/ .
Hseeht t p: // bl ogs. | aw. har var d. edu/ t ech/ rss.
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No Authoring Concept | Mobility Concept

Header WayEdge

Logo Ref er encePoi nt

Sear chEngi ne I nf or mat i onPoi nt

Li nkMenu Deci si on-Navi gat i onPoi nt
BreadcrunbTrail | Locati on- | nformati onPoi nt
6 PageTitle I denti ficati onPoi nt

7,8 Si debar WayEdge,Deci si on-Navi gat i onPoi nt
9,10,12,14,16,18Chunk Way Poi nt

11,13,15,17,19 | Headi ng I denti ficati onPoi nt

21 Foot not e Way Poi nt

20 Foot er WayEdge

A W N~

Table 5.1: Example annotations done on the home page of Seed(gure 5.6).
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Figure 5.7: The Dante annotation pipeline (see Figure 5.thioparts 3 and 4).

illustrated in Figure 5.1. This pipeline approach hides fmwotations are created
from the transformation component. Therefore, from thagfarmation perspective,
it becomes unimportant how the annotations were actualhegdmanual, automatic,
generated by a content management system or encoded dugidgsign process. In
this thesis, we propose the manual annotation techniquPlasdergt al.[95] present
how WATfA annotations can be generated with a design metlggolPages also do
not need to be annotated both with Authoring and Mobility aetits. After Authoring
concepts are acquired, a set of rules can be used to tratietateo Mobility concepts
in order to accumulate better knowledge about these objBetsiled information re-
garding this process can be found in [124]. We can of courpassg/the translations
and use only the Authoring concepts to perform the transftions. In this case, di-
rect translation will be done and the Mobility concepts Wil implicitly used in the
transformation techniques.

As a summary, this section presented the annotation compafidante. This
component is built upon a pipeline framework which allows@tations to arrive in
different formats. In the prototype implementation, thelSE annotator is used to
annotate pages manually with the WAfA ontology and storentk&ternally. The idea
was first to demonstrate that the annotations with the WAfA gaide the transfor-
mation of Web pages before we actually focus on automatiegtimotation process.
The annotations are then used by the RDF Editor to createctstal 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 tB#HSE annotator,
concepts are associated to parts of a Web page by using X¥Pitven though such
kinds of annotations provide information about the struadtaharacteristics of certain
parts of the page, it does not provide any information aldmaitélationship(s) between
these parts which can be important. For example, in Fig@edbject 21 is annotated
as aFoot not e'2. Even though this object is located at the bottom of the piagea
Foot not e created for thédeader . However, when we only annotate that object as
aFoot not e, the fact that it is associated to thileader becomes implicit. Another
example relationship is between object 10 and 12. Annajdtiese objects a&hunks
make them explicit, but again the fact that the object 12 i$ glaobject 10 becomes
implicit and computationally inaccessible. Therefores Bante RDF Editor is devel-
oped to make such kinds of knowledge accessible and enhla@@xpressiveness of
the performed annotations.

The Dante RDF Editor uses the underlying architecture of SBHy particularly
extending the Annotation service (Figure 5.4). It enablesrsito create RDF triples
to indicate the relationships between the annotationadyrstored by the COHSE an-
notator. COHSE assigns unique identifiers to each annatafioe Dante RDF Editor
creates an RDF triple by using these unique identifiers irsthgect and object fields
and a property from the WAfA ontology as the predicate valliee Annotation ser-
vice is extended and modified to store and retrieve such R&ereents. For example,
theHeadi ng and theChunk objects, the following statement can be created: “object
10 which is aChunk has-headingpbject 11 which is d&deadi ng” (see Figure 5.6).
In this RDF triple, object 10 is the “subjecthas-headings the “predicate” and the
object 11 is the “object”.

We have already discussed some annotation tools and apeoacthe previous
section. All these approaches mainly focus on annotatimgect of Web pages and

2pjfferent typographies used in this chapter have the fdlowassociations: Names of concepts
represented in the ontology are@our i er New f ont ; relationships between concepts are in italics
enclosed by hyphens, e.gart-of.
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Figure 5.8: The Dante RDF Editor creating relationshipé&tjeen annotations.

none of them discusses how to create relationship(s) battteeperformed annota-
tions. Although there exist numerous RDF editors such aséRID¥ and RIC* that
allow users to build complex RDF documents with triples,ftis of these tools is to
create an ontology or stand-alone RDF documents. In our tasaim is to annotate
structural components of a page and their relationship(s).

Figure 5.8 shows the RDF Editor which is implemented as absideThe object
and subject fields list the annotations already done by thel&®annotator. The
predicate field is populated by the properties encoded irothelogy. The user can
then choose a subject (1), predicate (2) and object (3), brkitbe “create” button
to add the annotations to the specified Annotation servigeTdble 5.2 shows some
triples created by using the example annotations in Talllee®hd Figure 5.9 illustrates
the triples concerning the Header object. The generatelgs$rprovide us a model of
the page as opposed to SGML style hierarchical structurfimgpouments. As Gatze-
meieret al. [44] pointed out, the SGML applications require a primargrarchy for
structure definitions. However, this hierarchical repn¢éaton does not always repre-
sent the main structure of the document. A graph (RDF stattspas the underlying
data structure of a document can reflect a non-hierarchitatconnected nature of a

13Seeht t p: / / www. j an- wi nkl er. de/ dev/ erdfe. ht m
l4Seeht t p: / / www. mi ndswap. or g/ .
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Subject Predicate | Object

1-Header | has-part 2-Logo

1-Header | has-part 3-Sear chEngi ne
1-Header | has-part 4-Li nkMenu
1-Header | has-part 5-Br eadcr unbTr ai |
1-Header | has-footnote 21-Foot not e
10-Chunk | has-heading 11-Headi ng
12-Chunk | has-heading 13-Headi ng
14-Chunk | has-heading 15-Headi ng
16-Chunk | has-heading 17-Headi ng
18-Chunk | has-heading 19-Headi ng
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 Javdg5al).

document.

5.4 Transforming Web Pages

The transformation component of Dante is also implemented #ozilla sidebar.
In order to reformulate the structure of the page by diffetenchniques, it uses the
model which is created by the COHSE annotator and the DantelRiitor. This is an
experimental sidebar that allows easy deployment andtesfinew heuristics. In the
current implementation, each heuristic is associated tattaf or a drop-down menu
on the sidebar. Depending on the heuristic, this user etertan easily be extended
by using the XUL (Mozilla’s User Interface Language) comeots.

In this section, we continue using the home page of Java asaange to demon-
strate the transformation heuristics encoded by Danteu(€i§.6). This page is used
because it provides good illustrations of some of the issoeserning the mobility
support provided by the page. The page is annotated with tlieoAing concepts.
In [124], we propose that translating Authoring conceptdvimbility concepts can
provide an enhanced set of annotations to perform transfitons. But after exper-
imenting with a number of Web pages and different sets of &tioms, we realised
that Mobility concepts are actually used to classify thentdieed Authoring concepts.
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wafa:SearchEngine
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--------»C_wafa:LinkMenu
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A4
annoNo.5

i instanceOf
i
A 4

wafa:BreadcrumbTrail

Figure 5.9: RDF Triples concerning the “Header” object oguFe 5.6.

But we did not need to use rules as these groupings were alilvaysame. There-
fore, depending on the heuristic, once we know Authoringcepits, they can easily be
mapped to Mobility concepts that guide the transformatiéios example, &leadi ng
isanl denti fication Poi nt and in all transformations itis treated so. Table 5.1
shows some more example mappings between the Authoringptsidentified on the
home page of Java to Mobility concepts.

We are proposing different heuristics to transform pagdse fdllowing sections
present them in detail particularly by explaining the mation and the objects used.
Each technique addresses certain mobility and travel ssqaaticularly the mobility
principlesand the mobilityinstrumentyTable 5.3). The Dante transformer sidebar
can be seen on Figure 5.10. After a page is loaded in Moz#leh) ¢echnique can be
executed by pressing a button or choosing it from a drop-d@tnThese 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 physicallyA Web page is fragmented into a number of
smaller and simpler pages.

T2 Fragmenting pages logicallyA 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 movemer#: skip link is added to skip certain elements
in the page to provide better movement support within theepag

T5 Linearising pagesThe 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 poinBearch Engine in the page is
moved to either top or bottom of the page to provide bettees&c

T7 Repositioning objectsThe positions of the objects such as advertisements are
changed so that they do not distract the users.

T8 Alternative viewsOnly 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 steich 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 enaadt simpler pages.
This technique is similar to the partitioning approach msgd by [21, 25, 127] for
small screen devices. But in our approach, the focus is nstipport the limitations
of such devices, but to support better audio navigation.

In order to fragment a page, Dante us@sunk (WayPoi nt) and Headi ng
(Identi fi cati onPoi nt) annotations and also thes-partand has-headinge-
lationships created by the RDF Editor (Section 5.3). Platsragmentation supports
regularity because each fragment is designed in a similar manner. Eragthpages
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\Mobility \Tl\T2\TB\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 (organisatiop)x | x

Table 5.3: Analyses of transformation techniques with eesfo mobility.

are smaller and more manageable compared to the originalqmalgettemformation
flowis supported. In order to enable navigation between fraggnarpage with a table
of contents is provided. Such a table of contents also hapssuo get anverviewof
the page and easily move between different parts of the mgeTable 5.3). More-
over, screen readers tend to support micro-navigatioly, asinall part of the page is
viewable at one point. Therefore, physical fragmentatiso @rovides good support
for such micro-navigation.

Different techniques are used to create the table of confge and link the gen-
erated fragments. The home page of Java is used as an exaneglgdin these tech-
niques as follows:

e Linear fragmentatiorFor eachChunk annotation, a separate page is created.
Then a linear table of contents page is created to link theggrfents. Each
fragment includes a link back to the table of contents. FEdui0 shows how
the home page of Java is fragmented based on this technique.
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e Linear guided fragmentatio@ompared to the previous technique, here each
fragment is also linked to other fragments. Each fragmestlhaee extra links:
(@) a link to the previous fragment (previous), (b) a link be thext fragment
(next) and (c) a link back to the table of contents page (TOGgrefore, a kind
of guided tour is created between the fragments [50]. Figuté shows the
fragmentation of the home page of Java with this technique.

e Nested fragmentatiofihe previous two techniques do not consider plaet-
of relationships between the chunks. Therefore, a lineaetablkontents is
created. But in this techniqupart-of relationships are used to create a nested
table of contents. An enumerated list is used to create suhdaof table of
contents. Therefore screen reader users can also easdlysaitie parent-child
relationships. Figure 5.12 shows the created table of atgiteoncerning the
part-of relationships.

Fragmenting Pages Logically

The fragmentation approach explained above physicallgés/the page into a set of
pages. Similar to that approach, we also logically fragniempage. This time a TOC
is inserted into the page itself that provides link$Hmadi ngs (I denti fi cati on

Poi nt ) and Chunks (\\ayPoi nt) in the page and back to the TOC. This can be
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considered as a way of providing th&d’s eye view(overview) of the page. Based
on theHeadi ngs andChunks in the page, we logically fragment the page and allow
users to have the preview of these logical fragments. Figur@ shows how the home
page of Java is logically fragmented. This is a techniquenjorove the intrawithin

the page) mobility support, but once we improve this, therifdetweerthe pages) and
collection wide mobility support (within the site) are alsaproved. The created TOC
can be inserted either at the top or bottom of the page.

Both fragmentation approaches (logical and physical) haes and cons. For
example, in the logical fragmentation, the user can coetitturead the next chunk
without returning to the TOC. However, the number of linkstlwe page (from/ to
TOC) can be too many and difficult for the user to manage. Thraexided links can
increase the cognitive demand. On the other hand, phygitathmented pages are
simple but the user has to move between them in order to reaghtiire page.

Eliminating Repetitions

Some structures such as headers, footers and sidebarssdgtbeaome repetitive and
not useful if the page is accessed more than once. They atekiy Edges that are

usually used to differentiate tifenain” content from thé'side” . Sighted users tend
not to read such constructs by skipping and directly foaytirthe relevant part of the
page. However, if you access a page with a screen reademstifsyou have never
been to that page and there is no function that enables ydiptssch 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, footesidelars in a page so that
a shorter and concise page is provided to the user (see Fdutand Figure 5.15).

Enhancing Intra-Page Movement

Skip links are popular for enhancing the navigation, ands tthe mobility support
provided by the page for visually impaired users. They arsipased at the top of
the page to provide a link to the main content, so that the dses not have teead
the unnecessary information. In particular, they are usedaid repetitions. Different
strategies can be used to add skip links. Asaketal. [9] propose adding skip links
to part of the page annotated as the main content. With tipedfielur WAfA ontology,
we can have better understanding of the structure of the. pEugrefore, we provide
more flexibility in adding skip links.

We have three heuristics which mainly use the followingelobjects:
(1) Headl i ne, (2) Si debar and (3)Header . If there is an object annotated as
aHeadl i ne then we consider that object as one of the most importantihgsah
the page so we add a skip link to easily jump to that headingrder to avoid again
repetition in the page, we add skip links to skipader and theSi debar. We
have also assigned priorities to these heuristics, in ths® ave first check if there
is a Headl i ne annotation, then théleader and then theSi debar 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 pagevat Ja

Linearising Pages

When screen readers present pages in audio, they linehes®ntent of the page by
following the source code. However, this might not alwaysegate a proper render-
ing as the order in the source code might not show the logioattsire of the page.
Therefore, the focus here is to use the annotations to Iseetire page content so that
it can be better rendered with a screen reader.

Linearisation can be considered as a technique to elimihat@ulti-dimensionality
of pages. It is well-known that multi-dimensional struetsie.g., tables) challenges
the linear interaction styles typically supported by saresaders [126]. For example,
the visual rendering of the home page of Java looks like setbmumn table (see
Figure 5.6). Therefore, the aim here is to linearise thad loh table-like structure
properly. In order to do that, we again uSkunk andHeadi ng annotations. The
linearisation is supported in two ways: (i) the linearisettent is inserted at the top
of the page itself or (ii) the linearised content is inserit@d a new page and a link
is added back to the original page. Figure 5.17 shows howaheelpage of Java is
linearised at the top of the page.
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5.4.2 Object Specific Heuristics

As opposed to generic transformation techniques, thebaitpees focus on using cer-
tain kinds of objects on the page to enhance the overall mypbipport.

Supporting Movement to the Information Point

During a Web journey, users can engage in different browastiyities. Depending
on the current task, users use different strategies andtshjethe environment. One
of the objects that is widely used in case of a specific or @eflned task is the search
box. A search box is a kind dfnf or mat i onPoi nt that allows users to directly
request information. The position of the search box can b goportant. Since
sighted users can easily scan the page, the positioningt majlbe that important.
But visually impaired users tend to read the page from tomtin, so finding these
kinds of objects cannot be easy. Some recent studies shoustiiis have problems in
finding search engines in the page and they mostly complaintdhe positioning of
the object [33, 52]. They either think it is quite down in thage or it is in a wrong
position. Therefore, we provide an option to change thetjpmsng of the object
annotated aSear chEngi ne. 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 ttipegbage so that it
can be accessed easily. It can also be moved to the bottornitbthe repetition in the
page. In Figure 5.18, the search engine which is at the topegbage is moved to the
bottom.

Repositioning Objects

Objects that are primarily designed for visual communaratian easily be distractive
in a non-visual communication. A good example to these tbjere advertisements
(At t enti onCbj ect), in particular, when alternative texts are not provided ey
advertise something that does not interest the user. Fon@rasome users indicated
that because of adverts it was difficult to reach the focushefgage [33]. On the
other hand, these objects can support serendipitous brgw3iherefore, rather than
removing them from the page, we provide two heuristics; (d@yethem to the bottom
of the page and (2) move them to a new file. Figure 5.19 showisiplementation of
these heuristics.
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Generating Alternative Views

This technique mainly uses different objects to provideraktive views. This en-
ables users to access pages in different ways. For examatdedsedi nkMenu
(Deci si on andNavi gat i onPoi nt ) annotations to present only link menus in the
page or as explained above or8ydebar s can be presented (Section 5.4.1). These
alternative views can easily be extended based on the slgaciotated in the page.
For example, onlyHeader or Foot er or Headi ngs, etc., can be presented.

Structuring List of Links

Some screen readers provide a function for accessing tlué lisks in the page. They
allow users to scan the page rather than read the entire ptmyeever this technique
requires links to have proper labels so that they make sehsea they are read out
of context, but unfortunately many links are context degernd For instance, in the
home page of Java, there are links labelled as “buy” or “séealmore”. If they
are not read with contextual information, it is almost imgibke to understand where
these links point to. However, the structural knowledgeoeled with the annotations
can be used to add context to the created list of links. Thissfiormation technique
aims to use€Chunk andHeadi ng annotations to provide structure and context to the
generated list of links. This can be considered as groujikg (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 dised€ertain options, for ex-
ample being able to move the identifi&¢ar chEngi ne object to the top or to the
bottom of the page. However, most of the other heuristicsudised above can also
be systematically extended based orobject-actionapproach. Table 5.4 summarises
basics of a framework that can be used to perform the tramsfitons systematically.
Certain actions can be performed on certain objects basttee@iven location param-
eter. For example, if a LinkMenu is identified, based on thistemisation framework,
possible actions can be: removing from the page, movingeéddp of the page or
moving to a new file. This framework provides a better andesysttic customisation
approach to our heuristics.



CHAPTER 5. DANTE: ANNOTATING AND TRANSFORMING WEB PAGE$12

| Object | Action | Location |
Header (WayEdge) move to a new file
Foot er (WayEdge) remove | totop
Si debar (WayEdge, Deci si onPoi nt, Navi gat i onPoi nt) | linearise | to bottom
Li nkMenu (Deci si onPoi nt,Navi gat i onPoi nt) fragment
Chunk (WayEdge) add
Headl i ne (I denti fi cati onPoi nt) duplicate

Advertisenent (Attenti onQObj ect)
Sear chEngi ne (I nf or mat i onPoi nt)
Li nk (Navi gati onPoi nt)

Sect i on (WayEdge)

Headi ng (I denti fi cati onPoi nt)

Table 5.4: Customisation of some transformation heusstic

5.4.4 Combination of Heuristics

In the current implementation of the Dante transformerheaeansformation heuristic
is applied separately. This gives us the flexibility of tegtivhether these heuristics can
be combined (i.e., applied together) and if they can, whdte order of application
is important or not. Table 5.5 aims to provide answers toefmpgestions. This table
also refers to some of the customisations supported by thashies as they might
have a different impact on the combination with other heigss We will discuss two
approaches for combining these heuristics.

In-situ same pageTechnically combining heuristics is a challenging issuBaste
uses annotations generated by COHSE which are referred bnddps [5]. In case of a
page reformulation XPointers can easily become obsolitiee Linderlying tree struc-
ture of the page which is represented by the DOM, is changadttie XPointers based
on that tree can become invalid. For example, we can have am¥éPthat refers to the
second table element which is a child of the body elemenn{/hbdy/table[2]. . .), but
if the first table child is removed then this XPointer cann®tlocessed or can point to
the wrong part of the page depending on the other childremedbody element. There-
fore, the order of application is important. For examplenoging the firstFoot er
object and then theleader is a safe combination. This is becaudeot er is at the
bottom of a page, so removing corresponding elements in @& Dee will not effect
the XPointer of the correspondidgader elements.

Copied pagesAnother way to combine heuristics is to create an altereatiew
of the page rather than modifying the original. For exampleysical fragmentation



CHAPTER 5. DANTE: ANNOTATING AND TRANSFORMING WEB PAGE$13

technique does not change the original page, it creates demaf smaller pages
and a table of contents without modifying the original. Téfere, this heuristic can
always be combined with other heuristics as long as they dondify the DOM tree.
Similarly, moving link menus to a new file or creating a listioks in a new page, can
also be easily combined with other heuristics.

Based on the customisations discussed in the previoussextd the combination
of issues discussed here, users can interact with thesistiesuin different ways:

e Users can choose which transformation technique to apghs i§ the way it
is implemented in the current Dante transformer. The mavamikhge here is
that depending on the users’ task, they can decide whichitgaed to apply.
However, users have to make a decision as to whenever thegsatte page
which is the main disadvantage.

e A structural table of contents can be created for a page diépgon the anno-
tations. Here the idea is to create a separate page for eactusal component
and allow users to get an overview of the structure. For exanagable of con-
tents can be created which says “Header, Sidebar, LinkMéenk, Footer, etc.”,
these will all provide links to separate pages that incluateekample only the
Header, or only Sidebars, etc.

e Customisation options discussed in the previous sectionbeaturned into a
preferences vocabulary that will allow users to specifyalitdctions to apply on
which objects and how. Such preferences will also haveicéstis which will
take into account the fact that the certain transformateamot be combined
(Table 5.5).

¢ All transformation heuristics can be applied on independepies of the orig-
inal page and a root page can be created to link them. In tlses, w@e do not
have to consider if the transformation heuristics can belxpned or not because
they all will be applied independently. For example, a roajgp can include
links such as “Physical fragmentation, Logical fragmeantatWithout Header
and Footer, List of links, etc.).

These are alternative approaches to the way the Dantedraresfis implemented. The
main conclusion here is that knowing the structure of theegagvides the flexibility
of presenting the same page in different ways to meet the'usguirements. This is
achieved by annotating Web pages with the WAfA ontology.
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/- Can be combined.
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Note: This table represents the order of application; the row naaseto be read first.

Table 5.5: Combination of transformation heuristics ikitu same page.
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5.5 Summary and Conclusions

This chapter has presented the mobility support tool, Qaame its underlying ap-
proach and architecture. Dante is built upon the Travel ysialFramework. Dante
identifies travel objects and their roles, annotates theth thie WAfA ontology and
transforms pages accordingly to enhance the provided hobilpport. Dante pro-
poses a pipeline approach to annotate pages that allowsations arriving from dif-
ferent sources. An RDF Editor is also presented that candmbtocreate relationships
between the annotations. Dante then uses these annotatidtiseir relationship(s) to
transform pages in different ways.

The transformation techniques explained are simple yetiefi. In fact, they can
be considered as intermediate operations that transfaogespato a form which can be
easily accessed with a screen reader. In an ideal casenseasers can also provide
functions based on the annotations by using the WAfA ontpltigectly. These trans-
formation techniques can be considered as demonstratidraswathe WAfA ontology
can be used.

As explained in Chapter 2, in the literature there are difiéapproaches to trans-
form pages. Most of these approaches use HTML source codansform pages and
not many of them try to understand the structural and naiagat properties of pages
as we do. The closest approach to ours is proposed by [9, Tb@ly also annotate
pages with a vocabulary and transform them accordingly. édew their vocabulary
is limited and they only consider structural properties afgs. Consequently, the
provided transformations are also limited. For exampley throvide re-ordering of
objects and adding a skip link. But with our approach, evemugfn we presented a
specific set of transformation techniques, this set canyelasiextended because the
ontology provides extensive information about not only streicture of the page but
also about the provided navigation support.

The annotations and transformations also demonstraterétotiqal usefulness of
the WAfA ontology. The concepts and the relationships idetiiin the ontology are
good enough to be used by Dante to perform transformatiarteelfollowing chapter,
a user evaluation is presented to demonstrate the utilitlyeofransformations, which
in consequence demonstrates the utility of the annotatindshe WAfA ontology.



Chapter 6
The Evaluation of Dante

The evaluation of Dante aims to demonstrate that the anansa&nd in consequence
the performed transformations ease the mobility and erehéime travel support for
visually impaired users. The overall evaluation consi§tsvo parts: user evaluation
and technical evaluation.

The user evaluation aims to demonstrate that transformatraprove the mobil-
ity of visually impaired users and enable them to travellgasid confidently around
Web pages. In order to demonstrate this, a task-based &waluaas conducted. Ten
participants were asked to perform a number of tasks on Whahotiginal and the
transformed versions of a number of pages. In order to betaldssess how partic-
ipants performed on both versions, we used the NASA TLX, @oafjive evaluation
and a structured interview. All participants tried both @nginal and the transformed
pages, but in order to eliminate the learning factor, halthef participants tried the
original first while the other half tried the transformed sien. In overall, the TLX
results demonstrated that the mental workload was loweh#transformed versions.
Participants’ comments and the results of the structurehirew also confirmed the
findings of the TLX results. In summary, this user evaluationfirmed our hypothesis
that transformations performed by Dante enhance the pedwitbbility support.

The technical evaluation aims to demonstrate the utilitthef annotations. This
part of the evaluation focuses on demonstrating the impoetaf annotations with the
WATfA ontology and how they contribute to the transformaton

116
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6.1 The User Evaluation

In the previous chapter, we explained how Dante annotaigsspaith the WAfFA on-
tology and transforms them accordingly. These transfaonataim to enhance the
experience of visually impaired Web travellers by provigdimetter mobility support.
In order to demonstrate that we have achieved our goal, aewaération was carried
out. A comparative task-based evaluation has been choaeitipants were asked to
perform a set of tasks on the original pagemnd on their transformed versions. The
main hypothesis of this evaluation was:

By transforming Web pages, we improve mobility, conseqyesthance
the travel support provided.

If the participants would be able to complete the same sedsKst better and easier
with the transformed than the original pages, then we woeldHie to conclude that
the transformations were useful and enhanced the mobflitisaally impaired users.
Demonstrating that the transformations improve the miybélind travel support over
and above that afforded by original pages will give a stromgéication of the value
of encoding transformations. In the following sections, fisst 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 rangingveen 25 and 65 years
(three females and seven males). Eight of the participaete Wind and two of them
were partially sighted. Their length of Web experience wased. The average num-
ber of Web usage hours was also varied, ranging between mlbar to nine hours
per day. Blind participants accessed pages with a screder¢daws and Haf) us-
ing IE with Windows operating system. One of the partiallylged participants used
a screen magpnifier (Lungrwith IE (see Table C.2 in Appendix C). Even thought,
ten people participated in the evaluation, two of the pgudicts could not complete
the evaluation because they were trying to access pages\sareen reader that they
were not familiar with. Lack of experience in using the aahié screen reader hin-
dered them to complete the given tasks. Therefore, we ar@akiog into account the

YIn this chapteroriginal versionrefers to the page provided by the owners which was available
online at that time.

2Seeht t p: / / www. f r eedonsci entific. cont.

3Seeht t p: / / www. dol phi nuk. co. uk/ .

4Seeht t p: / / www. dol phi nuk. co. uk/ .
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results from these participants. In the rest of this chaptier participants are referred
to as P1-P8.

6.1.2 Materials

Three Web pages were used in the evaluation. The result f&mogle for the word
‘Olympic’ was used for training. The design of Google is widkenown and popular
for its simplicity. It also provides many travel objects.é€Fbfore, transforming such a
simple page with many travel objects with respect to the dreramework, was good
enough to demonstrate the purpose of the transformations.

For the main evaluation part, the home page of Manchesterelsiiy® (see Fig-
ure 6.2) and the home page of Internet Movie Database (IMQ)e Figure 6.4) were
used. Section C.1 in Appendix C presents each page alongthathtransformed
versions used in the evaluation. Due to time limitations,d&eided to use only the
physical fragmentation in this evaluation rather than esipt different transforma-
tions explained in the previous chapter.

The pages used in the evaluation were particularly chossedoan the classifica-
tions proposed by [6]. They classify pages into seven aaegit their functionality
but not to the content. Since in our work we are also intetestehe structure of
the pages, we have chosen pages from different categomgested by this study.
The home page of Manchester university is a typical ‘Uniki@sand Research Insti-
tutes’ page and the IMDB page is a “Content and Media Site&r&fore, these pages
provided us with an exemplar set.

6.1.3 Tasks

Participants were asked to perform a single task on theitigipage and two tasks
on other pages. For the training page (Figure 6.1), the aitheofjiven task was to
demonstrate how Dante fragments pages and introduce ipartis to an exemplar
task. The following task was used for the training purpose:

Assume that you searched for the word “Olympic” and readmeg ésults.
Can you find out what the second returned result is?

5Seent t p: / / ww. googl e. cond .
6Seent t p: / / www. man. ac. uk/ .
’Seent t p: / / www. i mdb. cont .
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Figure 6.1: A result page of Google (17/08/2004).
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Figure 6.4: The home page of IMDB (17/08/2004).

Google (see Figure 6.1) visually presents search resudte/ell structured manner.
The overall structure and layout of the page provide implidiormation about the
returned results, their importance, etc. The number ofmetliresults are in a banner
with a distinctive colour; sponsored links are on the rigari¢h side with a lighter colour
in order not to distract the reader; extra news results atfeeatiop and also presented
in a different style; finally the results presented more ss i@ the middle centre of the
page where each result is presented in a separate paragrapleen reader user has
to read the search box, number of results, sponsored liekss results in order to get
to the main results section. Therefore, the given task ainshow that it is not easy
and can take long time for visually impaired users to acdessdsults. It also aims to
demonstrate how physical fragmentation of pages can belusef

Table 6.1 presents the tasks used in the main part of theati@iu These tasks
were prepared to address certain mobility and travel isqaetcularly mobilityprin-
ciples(Table 6.2) and mobilitynstrumentgTable 6.3). Since participants can easily
transfer their knowledge about a page after completing dskst on the original to
transformed version or vice versa, we decided to slightlylifiyceither some of the
tasks or pages. For example, Figure 6.4 which is the origieaion, the welcoming
paragraph starts with “Welcome to the Internet Movie Dasabahe biggest,...”. In
the transformed version, we slightly changed this as “Téighe biggest, best, most
...” to make sure that the participants did not memorise #rgence. 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 theeéans, can
you find out what these sections are?
Transformed? And how many sub-sections are there in the “categoties”
section?
T2 There are two links to access the home page of the univesdibyary, can

you try to find one of them and tell me which section is this imR Can you
also tell me if can find out the name of the library without attyivisiting
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 acyuidlé main con
tent is in the middle. Can you try to find the starting point bistmain
content and tell me what is the first sentence?

Transformed: Can you find out two movies that will be available on DYD
tomorrow?
T4 There is a section in this page where IMDB highlights a mouiettiat par-
ticular date, try to access that section and try to find out\&reathe previou
and next sections (giving their titles will be enough)?

[72)

aThe keywordtransformed’indicates the version of the task that is slightly modified ased 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) fire home page of Manchester Univer-
sity (Figure 6.2) was finding out if the participants could eagiy an overview of the
page. In its main content, this page has three visuallyrdistie sections (excluding
the header and footer). These sections arelafast newswhich is on the left, (2)
categoriesvhich is on the right and (3) a number of referential sectiogisw the first
two sections. Distinctive colours and lines are used toterel@ar separation between
these sections. Moreover, the categories part has a liste$sctions where each of
them has a distinctive title and a list of links. However,yoohe heading in this page
is explicitly marked up. Therefore accessing this page t@is not an easy task. For
example, the sub-sections in the categories section areaallas a single list of links.
The second task for this page (T2) aims to address link pratsen issues, in particu-
lar getting a preview of the destination page. There are inks lto the “John Rylands
Library”. One of them is provided in the section called “dees and facilities” in
the categories part and the other one is provided in the éasios called “university
library”. One of these links actually provide the name of libeary but not the other
one. Therefore before actually visiting the page, the userdvnot 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 nsed page? X X
Information Flow
Does this page provide small manageable units of informakiat the user can X X
easily use?

Granularity

Does this page provide enough landmarks and cues? and st doe they i X
the right format?

Egocentricity
Can the user associate objects and their positions to hiy ¢haent position X
in the page?

External Memory
Can the user easily access objects that support externabrg@m X
Familiarity
Depending on the user’s previous journeys, can (s)he gréticcontent and X X
structure of the page?
Spatial awareness
Can the user relate this object (e.g., link) to others in #meesspatial proximity? X X

Table 6.2: Analyses of tasks (Table 6.1) with respect to iitglprinciples.

name of the library.

The home page of IMDB also visually very well structured. The link menus
and search boxes are on each side of the page and the maintdsmpesitioned in
the middle column- the structure of the page makes a diggmbetween “main” and
“side” content. However the source code actually does rit#atethat. Therefore, the
first task for this page (T3) aims to identify the techniques visually impaired people
use to access the main content and also find out if they caly @aske distinctions
between “main” and “side” content. In the main body of the ggageveral sections
are clearly presented. The second task for this page (T43 tnaddress “spatial
awareness”— can users create a relationship between dwgms?

As a summary, the tasks used in the evaluation were designaddress travel
and mobility issues. Table 6.2 and Table 6.3 presents tegarte 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 ther esin decide to X

follow or not to follow it? e.g., can the user find out the nanfighe library
before actually visiting the target page?

Probe

Can the user identify and use page elements? or Can the ugerusa of X
objects that are provided to support intra-navigation?

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 compométie page suc
as sections?

Orientation
Does the user know his(her) position in the page (or at lemast bn idea)? e.g|.
when the user reads a link, do s(he) know where that link is?
Getting contextual information

Can the user access the contextual information (such attiers that a link X X
is part of)? or can the user notice certain groupings and plaets?
Accessing the focus of the page

=
X

X

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 impdntale in under{ X X

standing the content of the page, can the user access socmatfon?

Table 6.3: Analyses of tasks (Table 6.1) with respect to fitglmstruments.

6.1.4 Methods

In order to assess how difficult the participants found tiskgaand also to compare
how well they performed with the original and transformedés the following three
methods were used:

Cooperative evaluation is considered as an alternative evaluation technique to the
strict controlled experiment paradigm [120]. In this teicjue, while partic-
ipants perform tasks, they are encouraged to think aloudoumevaluation,
participants were encouraged to particularly comment encdhmmands they
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issued, things they liked and did not like about pages andpheferences. Cap-
turing such subjective data was important for this evatuatiQuantitative data
such as number of commands, speed and accuracy cannotetettte story of
the usability and utility of transformations over origin@ges. This is because
participants’ experience of using their assistive tecbggl previous knowledge
about the pages, etc., can also easily affect such quarditidta. This evalu-
ation sought to judge whether the participants could acdisimghe 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 measuresetaon the
following aspects of difficulty: (a) mental demand, (b) timeessure, (c) effort
expended, (d) perceived performance and (e) frustratiparence. Participants
were asked to give numerical ratings on a scale of 0 to 20 fon eathese as-
pects. Except from “perceived performance”, a higher sawdéecates a more
difficult task for others. The details of TLX can be found inbl@C.1 in Ap-
pendix C.

Structured interview After recording the TLX scores, a small structured intewie
was carried out based on a questionnaire which covered tbe/fiog two broad
categories: orientation and movement [38]. Table 6.4 mtsghis questionnaire
with respect to the mobility framework.

6.1.5 Procedure

Each participant performed given tasks on both versionb@fsame page: original
(the page that was available online at that time) and tramsfd (the page that was
transformed by Dante). Each participant used one versidntlzen the other (e.g.,
first original then transformed or vice versa). Lessonsnietom the first version
may transfer and affect performance and preferences fosg¢bend one (positively
and negatively) [104]. In order to eliminate this memoryeeff we introduced half
of the participants to the original version first while théers were introduced first
with the transformed version. Therefore we did not have temasate user groups but
the same group tried both versions. We did not give any timé lior performing
the tasks, however participants were encouraged to cangideg up if they were
spending long time without feeling they were making progres
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Question Mobility Mobility
Principles Instruments
Do you know (do you have an idea) how long this Overview

page is (we are not looking for the exact size jput
trying to find out if you have an idea about the
size?)
Do you think now you have an overview of the Overview
page?
How difficult was it to get such an overview? | - Overview
What do you think about the amount of informasranularity -
tion?
Did you find this page complex? If yes How cominformation flow | -
plex you think is this page?

Was there anything particular you found repetitive Accessing the focus
in the page? of the page

How easy was it to access different parts of this Probing, Differenti-
page? ating page elements
How easy was it for you to figure out your positip8patial awarenessOrientation, getting
in a specific section with respect to other sectipns contextual informa
in the page? tion

At any point in your journey, did you think youOrientation, spar-

were lost (didn't know where you are)? tial awareness

Was there anything particularly good or bad about

this page?

Table 6.4: Post-evaluation questions with respect to ritgbil

In order to be able to make a fair comparison between origindl transformed
pages, we did not ask participants to use Dante itself butskecathem to use the
transformed pages generated by Dante. We used local coplastio original and
transformed versions. Participants used their own broassérassistive technology to
access these local pages. This would not only allow us to rad&ie comparison, but
also would eliminate the effect of the learning curve neefdedhe Dante. Further-
more, the main goal of this evaluation is not to assess thailitgaof the tool, but to
assess the usability and utility of the transformation$quered by Dante. Broadly
the evaluation comprised of two paristroductionandmainwhich are explained as
follows:

Introduction part First we introduced the participants to the main goal of Bakite
explained that Dante transforms Web pages into a form toregharovided
movement support. We explicitly indicated that the aim af #valuation is not
to assess the participants but to evaluate the transfamagiproaches encoded
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in Dante. We then asked a number of questions to particidoutst themselves
(e.g., age, experience of using Web, etc.) (see Table C.peAdix C). The

aim of these questions was to create a profile of our partitgpthat are al-

ready discussed in Section 6.1.1. Finally in this part, weduke result page of
Google as an example to explain how Dante transforms pagesKigure C.2

in Appendix C). We used an example task to present the ovaratiture of the

evaluation (Section 6.1.3). The results from this page ateonsidered in the
overall evaluation assessment.

Main part Two pages were used in the main body of the evaluation (Se6tib.2).
Two tasks were used for each page (Section 6.1.3). The proeéollowed 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 twsksaon the original
version of the Manchester University home page. After catipd these tasks,
participants were asked to rate the subjective workloatbfamf TLX (Sec-
tion 6.1.4). This was followed by the structured intervie\t.8. Participants
were asked a number of questions in order to capture thearexges of using
that version of the page (see Table 6.4). After completimgehguestions, par-
ticipants were asked to perform same tasks with the tram&drversion. This
was followed again by TLX and structured interview. Samecpoure was fol-
lowed for the home page of IMDB. Other half of the particigastarted with
the transformed version and then used the original page¢heutverall structure
was again same.

6.1.6 Mental Workload: TLX Results

All participants performed given tasks (see Table 6.1) erhibme page of Manchester
University (see Figure 6.2) and six participants perforrgaen tasks on the home
page of IMDB (see Figure 6.4).

Table 6.5 shows the average scores for each of the worklatar$afor the home
page of Manchester University; the raw data can be seen ile GaB and Figure C.7
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- C.12 in Appendix C. Similarly, Table 6.6 shows the averag@es for each of the
workload factors for the home page of IMDB; the raw data caisden in Table C.4
and Figure C.13 - C.18 in Appendix C. Each factor was markedamange 0-20. The
overall workload was calculated from ratings in Table 6.8 &able 6.6 as follows. For
the factordvlental DemandPhysical Demandlemporal DemancEffort andFrustra-
tion Levela high score (near to 20) represented a positive result. Xamngle, a score
of 20 for Mental Demandmplied that the demand was very high. On the other hand,
a score of 20 foPerceived Performanogould imply that the participant had not done
well (performance was considered as low or poor). Thereforerder to calculate
the overall score, therceived Performancecores were complemented (subtracted
from 20). Thus an overall score approaching to 20 impliestti@page is difficult to
use, whereas a score near zero means that the page is easgy t@aired Student’s
t-tests were also used to assess the significance of anyediffes between ratings for
each factor [38]. For all TLX factors, our results were stiatally significant and we
providet-tests analysis as we discuss results for each factor.

The overall mean mental workload for the home page of Mariehéiversity
was calculated as 6.38 for the transformed page and 12.@3foriginal page (t=2.58,
df=5, p=0.05). This difference was also confirmed in the hqrage of IMDB; the
overall mental workload was calculated as 14.58 for thestammed and 3.08 for the
original version (t=6.22, df=5, p=0.002). The differencasmigher in the IMDB page
because there were a number of cases where participantggyavio the transformed
and 20 to the original version (e.g., sEaustration levelcolumn in Table C.4 and
Figure C.18). The overall increase for the mental worklaadlie original version of
the IMDB page suggests that participants found that page memanding than the
home page of Manchester University.

For all factors, compared to transformed version, the @egaven scores for the
Manchester University page were almost double for the waigversion. This was
even higher for the home page of IMDB; the average given sooege almost tripled.

As can be seen from Table 6.5 and 6.6, the highest differemmng 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 participantseweghly irritated when
they performed the tasks with the original version compaoddansformed. This was
actually confirmed with their comments which are discussetié next section. The
lowest difference among the factors for both pages werd@e¢ngporal demandcores
(t=2.7, df=7, p=0.031 for Figure 6.2 and t=2.9, df=5, p=@.88r 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 9.88 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 Manehn&stiversity.

aFor all factors, except theerceived performandevel, 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 timuets.

The significant difference between the giveental demandcores for both pages
suggest that pages were well transformed to meet the regeis of the given tasks.
The average difference mental demand score for the Marerhgsiversity page is
8.25 (t=6.38, df=7, p=0.0004) and it is slightly higher foethome page of IMDB
which is 11.17 (t=6.22, df=5, p=0.002).

Although, the definition of th&hysical demandactor can be considered as irrele-
vant to our evaluation (see Table C.1 in Appendix C), we agleeticipants to consider
the physical activities such as using the keyboard and disther they found the tasks
laborious or not. As for other factors, the difference fas tlactor for both pages was
also quite high; for the home page of Manchester Universityass 7.75 (t=3.9, df=7,
p=0.006) and for the home page of IMDB it was 10.67 (t=3.9%5¢p=0.011).

The Effort expended was significantly reduced in the transformed eersi both
pages. The difference for the Manchester University pageis(t=7.24, df=7, p=0.0002)
and for the IMDB page the difference was 11.17 (t=3.96, df=8).011). Finallysub-
jective performancechieved was significantly increased in the transformedioer
of both pages. The difference was 5.25 (t=3.51, df=7, p=0).@dr the home page of
Manchester University and 12.67 (t=6.83, df=5, p=0.001}tHe IMDB page.

As a summary, the results for all factors demonstrated ttfeparticipants found
the same tasks more demanding to perform on the original thegethe transformed
versions. Since our tasks were designed to address mo{@i@gtion 6.1.3), these
results confirmed our hypothesis that transformationsavgut 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 Performance16.17 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.

2For all factors, except theerceived performandevel, 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 resultsaso our observations. Here
we again discuss results by using the mobility frameworkti®darly, we again refer
to mobility principleg(see Table 6.2) anghobility instrumentgsee Table 6.3). The raw
data for the structured interview can be seen in Appendix Talrle C.5 and C.6 for
the home page of Manchester University, and in Table C.7 aBdd€ the home page
of IMDB.

Orientation and Spatial Awareness

We asked participants to comment about the orientation {fi.they were able to an-
swer the question ‘where am 1?’) and spatial awarenessifiteey knew their position
and location in relation to other parts of the page) whilg/ therformed the tasks.

Orientation Half of the participants for the home page of Manchester Ensity
mentioned that at certain points during their journeys tlieynot know their position
in the page. P6 indicated that “several times | felt like Ildouwot continue and moved
to top of the page to start again”. When we observed partitgpahis was actually
what most of the participants did when they actually felt.Id4oving to the top of the
page provides them an explicit and unique information abmit location. From there
on, when they read the page, they tend to use the top of thegsageeference point;
the rest of the page is compared and associated to the toe patde. On the other
hand, none of the participants indicated that they wererigisted in the transformed
page.

Participants’ responses concerning orientation for tradpage of IMDB were
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more negative. For instance, P5 mentioned that “I could got& out my position at
all”. Similarly, at some point P4 indicated that “I have nai€labout the content of
this page, | am totally lost”. Participants again moved o ¢ this page and started
to read the page from the top whenever they felt they could¢otinue. Our partially
sighted participant also used this technique to re-orierttarself however as opposed
to blind participants she did this for different purposer &xample, in the IMDB page
she moved to top of the page because she was looking for theébaat the top. She
indicated that this is because the banner has a distinadieeicand shape (running
across the page). On the other hand, none of our blind gzatitcs mentioned the
banner at the top.

Spatial awareness Except for one participant, all participants thought thavas
difficult to figure out their position with respect to othemgponents of the original
version of the Manchester University home page. For exanif8andicated that “it
was very difficult, for that purpose | usually use the listiokk so that my screen reader
gives me exact position of the item that | am reading with eespo the other items.
But unfortunately in this list there were so many links wabéls such as more...”. On
the other hand, all participants found it quite easy withttaesformed 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 pagedaging the original

version of the Manchester University home page. On the dthed, all participants

mentioned that the table of contents of the transformedattelped them easily get
an overview. For example, P4 commented that the transfopraged does not have
repetitions which is important to get the overview. Simdamments were also given
for the home page of IMDB. For example, P6 indicated thatheheugh | have visited

this Web site before, | did not know that those sections ex&bme participants also
highlighted that the table of contents enabled them toeas# what is available on
the page and to decide which part of the page they want or weedd.

Logical vs. Physical Page Size

We asked participants to give their opinions about the sizeepage. The aim was
not to find out if they knew the exact physical size of the pagg.( number of words)
but to find out if they can easily get an idea about the size ®ptlige and what kind
of information they use to come to the conclusion. Most ofgihgicipants indicated
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that the original version of the home page of Manchester &isity was quite long
and it was observed that participants paid quite a lot ohétia to the total number of
links in the page. For example, P1 mentioned that “when Iredtthe page my screen
reader said there are 123 links which means this page islqugé On the other hand,
when we asked the same question for the transformed versimst,participants found
it much shorter, more structured and more manageable. Howeost participants
also highlighted that with the transformed version, theyldaot have an idea about
the physical size of the page. Even though, they found thebeumf logical sections
indicative about the size and density of the page, they thiotigzas not enough to find
out the actual physical size of the page. For example, P7tkatdchfter he accessed
both pages, he did not think that both pages were the same size

Most participants commented that they did not have an ideatahe size of the
IMDB page. For example, P1 commented that “there were so rsiffythat | had to
read before | reach the main content that | do not think | hamvel@a about the size of
the page but the only thing | can say is that it is too long”. gdrticipants indicated
that they found the size of the transformed page much bdieen P8 stressed that
“with this transformed page, at least | know the number ofisas in the page”.

Most participants preferred the length of the transformadepto length of the
original page. Although participants could easily get thenber of logical sections
in the transformed page, they could not get the actual palsize. In order to do
that they had to visit each fragment individually. Partaigs also could not use the
information that they often use to judge the page size. Famgte, the number of
links in the generated table of contents, can give an ideatahe 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 diffpeets of the pages used
in the evaluation. All participants found it difficult for Hopages. P1 indicated that “he
could not see any distinction between sections at all”. iyi P4 highlighted that “it
was very difficult to picture the sections and overall pagenynmind”. On the other
hand, all participants thought that it was quite easy tcedfitiate sections with the
provided table of contents in the transformed version. Tihdicated that fragmenta-
tion helped them have a good idea about the logical sectiotieipage. Furthermore,
fragmentation helped them clearly see the distinction betwthe sections.
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Information Flow

All participants found the amount of information in both pagquite a lot. P1 said
that “when | entered the page, my screen reader told me tagd #re 123 links which
means this page is quite long”. Similarly, P4 mentioned thatful lot of links that
were immediately at the top of the page. | didn’t get any infation about the page
and started to read immediately the list of links”. Howews P8 indicated “although
there are a lot of information in the page, in my opinion thegjion is if you can get
to that information and find what you want, in this page it takeu long time to find
what you are looking for”. Compared to the original pagebkpaiticipants found the
amount of information in the transformed versions muchdseBome participants also
thought the transformed version is much better structuneldtlae sections are clearly
stated, and has less clutter to go through. P8 highlightad“#ithough there are as
much less information as possible here, you can easily firat wbu are looking for”.
Moreover, P4 also stressed that “the transformed versimetla huge page into small
manageable bites”. This was quite important concerningnfoemation flow.

Directed Search

When participants were asked to perform certain tasks, aksegl that expect one
of the participants, all were trying to formulate a numberkeywords to search in
the page by the CTRL+F command. The participant who did netthis command
had only a year experience of using a screen reader. P4 feditaat “I really like
and use this comman€TRL+F), this gives me a controlled browsing feature and |
do not have to read everything in the page to find somethindgthodigh most of the
participants use this command, one of them indicated (P&)“thhen | use Ctrl+F
it is like you want to get the salt from the table and somebadkg$ your hand gets
the salt, then you would not know what else in the table and veharound it, etc., if
the black pepper is next to it and you need that you wouldrmivknYou have to ask
that person to take your hand again. It is exactly what is éapg here”. Although
as this participant stressed, this command does not supp@ndipity browsing, it
still helps users to complete certain tasks efficiently amidldy [31]. However, with
our physically transformed pages, participants could setthis command. They had
to move between fragments and then perform this command. héfefore need to
address this issue further. A possible solution would beat@tihe table of contents at
the top of the original page. This would allow users to havewerview 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 Perceptin

This evaluation also highlighted the differences betwagicaand visual navigation
that have already been discussed in Chapter 2. Figure 6uadiaw the home page of
Manchester University (see Figure 6.2) is perceived by eescreader user in audio.
The layout of the page which provides implicit informatidooat the content is missing
in such an audio presentation. For example, the originat jpeg “side-content” and
“main-content” next to each other. However, in the audicspreation the content of
the page is linear. Everything in the page is read like a ksir example, one of the
participants (P1) expressed this as follows for the home pa¢gMDB: “for a sighted
user, the layout is as follows: the sidebar is onrilgat, main content is in theniddle
columnand the other sidebar is on thedt, however, for a visually impaired user, the
sidebar is at théop, the main content is in thmiddle rowand the other sidebar is at
the bottom- these are two completely different views of the same pagéerefore,
the way the table of contents was presented, was approfordtes kind of interaction
supported by screen readers. The table of contents wasaa listeof links which most
of our participants preferred to the original page.

When our partially sighted user was trying to perform thé&sasve observed that
even though she had a limited view of the page with the scresgnifier, she was still
using certain kinds of travel objects in the page (see Ch&)teFor example, when
we asked her (him) to identify the sections in the home padéavichester University,
she could easily differentiate the bottom (third) sectiammf the others. She explicitly
stated that the distinctive colour and borders (lines adp&relped him (her) enor-
mously identify those sections. However, none of our bliadipipants could access
such information and therefore could not make use of it. Wihemlso asked our par-
tially sighted participant to find the link to the library,esidentified link by using the
provided image. However, none of our blind participants tioered anything about
the images in the page. Finally, our partially sighted paréint indicated that the best
headings for him (her) are the ones with capital letter witlecent colours, larger font
or bold. Since blind participants cannot access the wayihgadre displayed, they
paid attention if they were explicitly identified as heading the audio presentation.

8\We referred these kinds of objects\&ay Edgeg¢see Section 3.2 in Chapter 3).
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Importance of Explicit Structural Information

We also observed that even the wrong (or inappropriatertstral markup can be
useful. Participants referred highly to the structure ef plage as long as their screen
reader informed them. The experience of participants wsasa important factor for
making use of such structural information. The more expeed they were, the more
they referred to the structure. This was again the issuafitity with the Web. For
example, the list of links in the sidebars of the home pagevidB (see Figure6.4)
were positioned in tables. Even though, the table structaes not indicate anything
about the fact that they are a menu, some of our participtltssed tables to make the
distinction between consecutive lists of links. For exampll said that “I could detect
only a set of tables and a lot of links so | am guessing thaethes different groups of
navigation links”. Another participant (P7) after reatishat the table structure used
for menus, started to move from one table to another. So thssgmite important for
being able to move easily and confidently in the page. Siigjléne list of links in
the right hand side of the home page of Manchester Univefsi#y Figure 6.2), were
actually marked up as paragraphs. So one of the particigBB)sindicated that his
screen reader reads a set of paragraphs and links, thelhefoomcluded that they were
consecutive link menus. Therefore, even if the structuratkup does not explicitly
provide the correct information, it can still be useful andicative.

Environment and User’s experience

In this evaluation, it was clear that a number of things hatt@ng influence on the
mobility of the participants. The following list summarsseome of these:

1. Assistive technologfe.g., Jaws): Different versions of the same screen reader
can present the page differently. This obviously affectesl performance of
our participants. For example, the generated table of atster the trans-
formed pages were marked up as nested lists. Although thst laérsion of
Jawspresents nested lists explicitly, earlier versions didmake any distinction
between nested lists. Therefore, some participants catldctess the logical
relationship between the list items, and consequently élsionship between
sections.

2. Browser(e.g., IE): Some screen readers work better with certaiwgeos. For
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example, Jaws works much better with Internet Explorer thin Mozilla be-
cause of Microsoft’s accessibility suppbrt

3. Experience of the usde.g., experienced v.s. novice user): The same version

of a screen reader is used differently by users dependingandxperiences.
For example, novice users relied highly on the up and dowowmakeys, but
experienced users could easily use the supported funtitieeauch as the list
of links, headings, etc.

4. Purpose of the usefe.g., browsing a page or looking for something specific):
Some of our tasks were more directed (looking for somethpegigic), in that
case almost all our participants tried to use the comm@néR{+F) to search for
the formulated keywords. However, when they need to perfatess directed
task, they were trying to read the page in different ways.

Therefore, in order to improve the mobility of visually imped users, all these factors
also need to be considered.

Physical vs. Logical Fragmentation

In this evaluation, we compared physical fragmentatiorhefgages with the original
versions. Although TLX results (Section 6.1.6) and papteits’ comments demon-
strated that physical fragmentation improved participaexperiences and mobility,
there are still some issues that need to be addressed. Foplexawith the table of
contents, participants could not use some of the commaiadishiy are familiar with
and frequently use. These include searching for a keyw@TdR{+F), accessing lists
of links or headings, etc. Some of the participants inditadkat they would like to
have the table of contents at the top of the original pageyatiihey can read the table
of contents as well as using the commands. The partiallyteigbarticipant also indi-
cated that having the table of contents at the top of thermigiage would allow him
(her) still to see the images and colour contrasts providatie page. Furthermore,
some participants also commented about the movement betiheefragments and
table of contents. They indicated that although physidaigaking page into smaller
pages helped them see the distinction between sectionstisoes it was demanding
to move between fragments, and the table of contents anch&ats.

9For more information, selet t p: / / www. i cr osoft . cont enabl e/ .
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Unorthodox Reference Points

We have also observed that some users explicitly referregrain elements of the
page to complete their tasks. For example, in the Googldtsesage, for each re-
sult Google associates two links ‘cached’ and ‘similar gagé/e observed that some
participants used these repeated links to make a distmbebwveen the returned re-
sults. We refer to such objects @gerence pointésee Section 3.2 in Chapter 3). Even
though these links were not visually distinctive (on the tcary they were visually
faded), since they were repeated regularly, blind padidip referred to them quite
often. For example, P4 indicated that “I tab through the pagé | get to the links
‘cached’ and ‘similar pages’. These are my reference poiviten | read them for the
first time | know that it is the first result”. These repeateddgwere useful to blind
users. Similarly, the partially sighted participant irated that in order to differentiate
returned results from the rest of the page, she looks fordpeated structure in the
page. She stressed that she visited the Google results ptaye bnd knows that the
results are sequentially presented in the same style, dockefor repeated style.

All participants at some point in the evaluation also usedttp of the page as
a reference point Whenever they could not continue or were not sure about thei
location, they moved to the top of the page to re-orientatenfelves and start to read
the page again.

Regularity and familiarity of Environment

There were two kinds of experience which we observed thairifagence on the par-
ticipants’ performance: (a) familiarity with the Web (bgifamiliar with general Web
page conventions) and (b) familiarity with a particular pag
Familiarity with the Web We observed that the participants relied on their previous

experiences and knowledge about Web pages when they peddasks. For example,
one participant (P1) while trying to complete tasks on th®B/home page mentioned
that “at some point when | read something about languaghsuight that that kind of
information is usually placed at the bottom of the page artdl lcould not complete
the task, | thought somehow | didn’t realise the content,reoVved back to the top and
started again”. This participant is actually referring tocasmvention which is common
on the Web (but actually is not a standard). Different lamguaptions for a page tend
to be placed at the bottom of the page. Therefore, in thisit@sénportant to make
sure that such kind of options are also at the bottom of theceotpode 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 GdegkeFigure 6.1). We
have observed that participants who used Google before kbewt the objects pre-
sented at the top and they somehow used certain technigusgptahose objects.
For instance, one of the participants (P4) indicated thié¢f'gou read the page a few
times, you learn how to ignore and skip certain objects”. Wasoved that experienced
participants actuallffABthrough items at the top without actually reading them. We
have also observed that participants used repeated woltdk®more frequently, if
they have visited that page before. For example, partitgpaho used Google before
for searching, were using “cached” and “similar pages”dittkat Google provides for
each result to differentiate them.

“How Users Read on the Web”

In this evaluation, it was also obvious that the more expegéd the participants were,
the less they relied on the screen reader reading the pagernu tThe experienced
screen reader users, as sighted users [83], tend not toheaehtire page word by
word, but they scan the page. They use different techniquesdier to do that. The
following list summarises some of the observed techniques:

e Using TAB key to move link by link;
e Depending on the screen reader, using different readings@dg., table mode);
¢ Using element by element movements (e.g., paragraph bgagamovement);

e Using certain functionalities supported by screen reafkegs, list of links, list
of headings);

e Using Ctrl+F command to search a particular word in the ptdgsy try to for-
mulate a set of keywords depending on the task.

Although experienced users could easily use these techsiigquovice users tended to
rely on the way the screen reader renders the page and thtbé&gsbuld do was using
the up and down arrow keys.
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Summary of the Results

Fundamentally, the results presented above supportedlikerdsults discussed in
Section 6.1.6. In particular, participants’ comments ssged that they were in favour
of the transformed pages. In general, their comments were pusitive for the trans-
formed version of the IMDB than the Manchester Universitynigopage. This was
because they all found the IMDB page more complex and theaexifig of the physi-
cal fragmentation became more obvious for this page. THewoig list summarises
positive outcomes:

e The orientation and spatial awareness of the participaets better on the trans-
formed pages;

e Participants found it easier to get an overview of the pageehygling the gener-
ated table of contents;

e Table of contents also helped participants have an idea #t®logical structure
of the page;

e Transformed version considered to be more organised, ledsred and more
manageable;

e Linear list structure of the table of contents is appropriat the kind of inter-
action supported by screen readers;

However, this evaluation also highlighted certain isshes meed further investigation
about the transformations. These issues can be summasi$eitbavs:

¢ With the fragmentation, it was not easy to get an idea abauplttysical size of
the page;

e Participants could not use some of the commands that thégraikar with (e.g.,
CTRL+F) in the fragmented pages. Therefore having the w@ildentents at the
top of the page itself (i.e., logical fragmentation) woutldbetter solution;

e The underlying markup of the table of contents need to b@nsidered as some
screen readers cannot differentiate nested lists. A pessdiution would be
using heading tags rather than list tags;

e Transformation can abolish some of the reference pointspghdicipants are
familiar with;
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e Moving between fragments, and table of contents and fra¢gram be demand-
ing.

In summary, our TLX results, structured interview, and tlagtipipants’ comments
all demonstrated the utility of the performed fragmentadio In particular, results
were discussed within the mobility framework and demonsttahat fragmentation
improved the mobility of the participants.

6.2 The Technical Evaluation

It is not easy to evaluate an individual component of Dantee Uiser evaluation pre-
sented in the previous section focused on particular toameftions. Even though the
end-users provided feedback on the transformed pagesctimiments were also im-
portant for the annotation component of Dante; the transfbions were performed
based on the annotations provided. Therefore, the follgwst mainly poses some
questions regarding certain aspects of the annotatiorepsa@nd tries to answer them.

Appropriateness of annotations What kind of annotations are both necessary and
sufficient for the desired transformations? This, in essgisditness for purpose.
When we first started to experiment with annotating and foansng a page, we
used to annotate every travel object in that page. Howefter,development and
implementation of a set of transformation techniques (si&@ 5.4 in Chap-
ter 5), we started to annotate only the required annotafmrthose transforma-
tion techniques. For example, Table 5.1 shows the type atations required
to perform the transformation techniques explained ini8e&.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 transfamiachniques. For
example, in the current implementation of the physicalrfmagtation, we look
for Chunk annotations. Therefore, if something is annotated as anfigku,

a new page will not be created for that part of the page. Howeve could

improve our implementation by considering the parentecfid-a) relationships
in the ontology. In this case, a link menu is a kind of list, distlis a kind of

chunk, therefore a link menu can be treated as a chunk. Howeaeart of the

page is annotated as a chunk, that does not provide enouwghition 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@ations are needed

to add a skip link to the page, then only specifying the headh the page would

be enough. Whereas if the aim is to logically fragment a ptg chunks and
headings need to be annotated. If there are only two chunkweipage then
only four annotations are needed (two chunks, two headirgs) if there are
more chunks than that, then more annotations are neededstiTiv¢ure of the
page is, therefore, also important.

Fitness of the WAfA ontology (completeness, expressiversg®tc.) Does the ontol-
ogy provide enough or appropriate vocabulary and relatigpsso annotate Web
pages? This is again fitness for purpose. The existing cemeepl the relation-
ships provide enough information to perform the transfdioms proposed in
the previous chapter. However, the ontology can be easignebed for different
purposes. This ontology provides a generic and flexible ésaank. Therefore,
for specific kinds of pages (e.g., e-commerce, blogging,)especific ontolo-
gies can be modelled by extending the WAfA ontology.

Several aspects of the annotation process discussed abwéoeclarify the rela-
tionship between the annotation and the transformationgsses. In fact, the issues
discussed above demonstrate that an evaluation of theaimmtomponent of Dante
cannot be done on its own. As a conclusion, the quality andtijyaf the annotations
depend on the transformation techniques that will be peréal.

6.3 Summary and Conclusions

This chapter has presented the evaluation of Dante. Fundahye the evaluation
consists of two parts: user and technical evaluation. Tineohthe user evaluation was
to demonstrate that the transformations enhanced the ityaifithe users. Similarly,
the aim of the technical evaluation was to demonstrate titieyudf the annotations
and the WAfA ontology.

The user evaluation was successful in demonstrating tHalingaf the transfor-
mations. The TLX and structured interview results, and alsdicipants’ comments
show that transformations enhanced the mobility of theigpents. The evaluation
also provided useful information on flaws of the physicafjfreentation and the gener-
ated table of contents. Mainly, the results suggest thahanéollow-up evaluation can
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be useful to further investigate the issues highlightedhia évaluation. Particularly,
the following six issues need to be addressed:

1.

Different transformation®ante supports a number of transformations. In this
evaluation, we only considered “physical fragmentatidddnsidering different
transformations will enable us to address questions suckvagn do we per-
form these transformations?; Does it depend on the taskess'ysurpose? or
Does it depend on the Web page? or Does it need to be just psefsiences?

. Options of transformationsor some of the above transformations, Dante pro-

vides several options such as removing certain elementsaming their posi-

tions. Therefore, we still need to address questions suthach one is better?
Does it depend on the task? Which one is most preferred catparthe oth-

ers? Does it only depend on the user’s preferences or dogggahd on the user’s
task?

Different Web site®o different Web sites require different transformations.
For example, fragmenting search results can be more u$efmlremoving the
header and footer in the page.

. Different tasksDo different tasks require different transformations? @an

ticipants match their tasks to transformations? Do cet@sks require certain
levels of granularity?

Different granularityin this evaluation, we only compared original pages against
a specific level of fragmentation. However, pages can barfeajed in different
granularity and this needs to be further investigated. VW&hdte right level of
granularity for fragmentation? What is the optimum numiddragments? Does
this depend on the task? Does this depend on the user'sgmeé=? Does this
depend on the kind of Web site?

. Experience of the usaysers access pages differently depending on their expe-

riences. Does this mean different transformations can Wwetter for different
user groups (e.g., experienced, novice)?



Chapter 7
Summary and Conclusions

The Web has offered visually impaired people an unprecedempportunity to have

the same access to information as their sighted countsrpéotvever, the visual dom-

inance on the Web has introduced an inequality. This thealema significant con-

tribution to redress this imbalance by providing a set ofitegues and principles such
that navigational and structural properties of Web pagaseadescribed and used to
present pages in alternative forms to provide better treweport.

This chapter concludes the thesis by summarising the wedented and assessing
the extent to which the research questions set out in Chaptarve been addressed.
First an overview of the thesis is presented, then the stgmifie of the major results
and the outstanding issues are discussed, and finally idimsctor future work are
suggested.

7.1 Thesis Overview

For visually impaired users, travelling on the Web is diffigé1, 68, 2, 3, 33]. The
objective of this thesis was to investigate techniques farawve the travel support for
visually impaired Web users [53, 46]. The hypothesis was ifhd/eb pages were
analysed to identify objects that support travel, thenehasjects could be used to
transform pages into alternative forms to enhance theltsay@ort provided to visu-
ally impaired users.

This hypothesis has been supported by the use of a framewoaitkef identification
of structural and navigational entities and their progsrof Web pages. These entities
and properties were encapsulated in an ontology. This ogyokalled WAfA, sup-
ports machine processing and has been used as part of adlpkieline approach to
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annotate and transform Web pages. An experimental testiaede, has also been im-
plemented which used this pipeline to encode a number oéfivamation techniques.
Finally, a user evaluation method has been devised andegpwhich demonstrated
that the travel experience of visually impaired users cdaddmproved by adapting
these techniques, and therefore, confirmed our hypothesis.

7.2 Contributions of the Thesis

The research questions stated in Chapter 1 have been dudgesddressed by the
following major contributions of the thesis:

(Q1) An extension and modification of the model of travel to prevadbetter under-
standing of how visually impaired people travel around Wabgs [53];

(Q2) the identification of classes of objects that support tramethe Web;

(Q3) the development of a travel analysis framework to extraesehobjects from a
Web page; the design and application of an evaluation proedd evaluate this
framework which has demonstrated that the encoded prosegstematic and
consistent;

(Q4) the development of the WAfA ontology that encoded knowledfgeut travel
objects in a computationally available form;

(Q5) the identification of three levels of knowledge about Webgsagtructural, nav-
igational and contextual which were encoded as three stdiegies in WATA,;

(Q6) the design of a methodology which was based on a flexible keuhyd-driven
pipeline to annotate and transform Web pages by using WAthAtha develop-
ment of an experimental prototype, Dante, based on thidipge

(Q7) the identification of a number of transformation heuristltat encapsulate dif-
ferent techniques to transform Web pages into alternativag and the imple-
mentation of these heuristics in Dante that has shown thy i WAfA;

(Q8) the design of an evaluation procedure to assess the trgyebdiprovided by a
Web page;
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(Q9) the evaluation of transformation techniques encoded irtd®laased on this eval-
uation procedure which has shown that the travel experiehdgsually impaired
Web users can be improved by these transformation techsique

7.2.1 The Travel Analysis Framework

The model of travel proposed by Gol#eéal. [46] provides an understanding of how
visually impaired people travel around Web pages. This rhioale been modified and
extended to include a better understanding of the objealtedctravel objects [125],
used by travellers to complete a successful journey@seen page 17). These objects
have been categorised into three broad categories (1) watsp(®) orientation points
and (3) travel assistants (see Table 3.1 on page 52).

A travel analysis framework has been introduced to analysb ages for their
travel support. This framework has been based on the exdanddel of travel which
has two stages (1) the analysis of Web pages to create antanyenf objects that
support travel and (2) the classification of each objectiwithat inventory regarding
its role in a typical journey. A set of guidelines and queastiaires have also been
created to support these two stages. Although Harper [5@]pnaposed a mobility
analysis framework, his focus was on providing a mobilitsinrg for a page. The
process suggested by Harper was, however, inappropridtiasutficiently detailed to
be used to inspect Web pages to extract travel objects.

In order to demonstrate that the process encoded in this ramefvork was sys-
tematic, an evaluation procedure was introduced and apf{ge=Q3 on page 17). This
evaluation was successful; the created travel object tovies were highly consistent
between the participants and were able to demonstrateh@girocess encapsulated
in the framework is systematic and consistent enough to bd as the basis of a
tool [125].

7.2.2 The WAfA Ontology

In order to demonstrate the hypothesis, knowledge abow¢lt@bjects need to be
made explicit and computationally available. One possidg of associating infor-
mation with the identified objects is annotation [51]. Thegjuires capturing knowl-
edge about these objects in a way that enables us to perfaratations. Ontologies
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are a widely accepted way of capturing knowledge and of otiatt vocabulary cre-
ation [14]. Therefore, the WAfA ontology has been createdrtcapsulate this knowl-
edge in a machine processable form (@&eon page 18).

Although the identified travel objects provided informaticegarding the travel
support provided, an understanding of the underlying tirecof the Web page was
still lacking. Furthermore, it was observed that HTML does provide enough infor-
mation regarding the structural and navigational propsntif Web pages. It provides
a vocabulary that can be used to markup the physical andmiedsmal properties,
but not the navigational and structural properties relef@ntravel. Hence we have
proposed three levels of knowledge about Web pages: stalichavigational and con-
textual knowledge (se@5 on page 18) [124, 122, 123].

These three levels of knowledge have formed the three stdeges of WAfFA:
authoring, mobility and contextual semantics. Mobilityrentics encode knowledge
about the classes of travel objects. Authoring and conésemantics were based on
the knowledge extracted from the Hypermedia authoringditee [72], transcoding
literature [58, 24], mark-up languages [115], Web Accalsitwork [87, 109], voice
interfaces [91] and CSSohort, etc.

WATfA has been designed to provide machine interpretableaséimannotation
support for making implicit travel support explicit. It hptayed a central role in our
knowledge-driven pipeline Dante. Therefore, apart froohitgcal evaluations, such
as determining consistency, completeness and redunddrgyitjwas meaningless to
evaluate WAfA on its own. In this thesis, the evaluation of MAhas been performed
pragmatically within our experimental prototype, Dantg dssessing its competence
in satisfying the requirements of the pipeline. WAfA was Ierpented, deployed,
and evaluated incrementally to ensure that it was in a satwfy 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 aneotdéb pages with the
WATfA ontology and transform them accordingly (see Figuré én page 96). This
pipeline has provided the flexibility to allow annotationsarrive in different formats
from different origins. It has enabled annotation and ti@msation processes to work

1Seeht t p: // www. W3. or g/ Styl e/ CSS/ .
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together but still to be loosely coupled enough to supp@tsage of alternative im-
plementations for both components. This pipeline apprbashshown how the WATA
ontology can be used to annotate Web pages@&een page 19).

Dante, our experimental test-bed, has been designed arldnmapted based on
this knowledge-driven pipeline. A survey revealed that madsthe existing anno-
tation tools focus on the annotation of the content rathan tthe structure of the
pages. Furthermore, even though these annotation toold beuused to annotate
Web pages, none of them addresses the issue of creatingmshap(s) between anno-
tations. Therefore, in Dante an existing tool, the COHSEo#ator, has been used and
another tool, called the Dante RDF editor, has been develapereate relationship(s)
between annotations. The properties in WAfA and the unideatifiers generated by
the COHSE annotator have been used to create RDF triplepriesent relationships
between annotations (e.dras-direct-part has-headingetc) (see Section 5.3 on 97).
These RDF triples and annotations were then used by the Dransformer to present
pages in different ways. A number of transformation heiesshave been introduced
and implemented in Dante to mainly address both mobilitygples and instruments
(Table 5.3 on page 102).

These heuristics have shown the utility of WAfA annotationthe transformation
process (se®7 on page 20). The experiments performed with these hewistige
also shown that annotating Web pages, both with mobility amthoring semantics,
can be redundant. Annotating pages only with authoring sénsaprovide enough
information to perform transformations. However, molgisemantics have been used
implicitly in the entire process of annotation and transfation. Further experimenta-
tion with different pages has also demonstrated that thiétgaad the quantity of the
annotations depend on both the transformation heuristidepned and the complex-
ity of the page.

The WAfA ontology has provided a more extensive and expvessicabulary for
markup than has gone before. Furthermore, Dante is basedmmdal of travel and
has focused on addressing the differences between audisral navigation, often
neglected in most Web accessibility work [87, 109, 8, 9].

In order to demonstrate that the transformed versions of pégies provide better
travel support, a method was needed to evaluate the protralesl support (se@8 on
page 20). Therefore, a task based user evaluation prockdsiteeen developed [120,
57, 38] and has been used to evaluate Dante. In summaryipartis have been asked
to perform a number of tasks on both the original and the toamed versions of a
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number of pages. The results have confirmed that partiggaerform better on the
transformed pages than the original versions (@8®n page 20).

7.3 Outstanding Issues

Despite the contributions arising from this work, there spene 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. Althobhghwas used to
demonstrate the utility of WAfA annotations, manual antiotais an expensive
and time-consuming process. Moreover, even small changagage can eas-
ily invalidate the annotations (see Section 5.4.4 on pad® aad dynamically
generated pages cannot be annotated. Therefore, techmqad to be further
investigated to automate the annotation process (seeergi).

Design methodologieg95] presents how WAfA annotations can be generated
with a design methodology called WSDM. There are a numbertloéro
methodologies for designing Web pages (WebML [23], OOHDNJJ
etc.) which can also be extended with a similar approachnergee WAfA
annotations.

Content Management Systems (CMSManage the content creation and de-
livery processes of a Web site. A pilot CMS can be extendedsess 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 glinds can be used
as the basis of a set of heuristics to identify travel object®matically.
Generic heuristics can be created for different kinds ofegagr 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 tvemstion heuristics
can be applied together. A systematic technique can beeiumliestigated to
combine these heuristics. This also requires the techimaghtions of annotat-
ing resources with XPointers to be addressed.
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Re-implementation of the Dante pipeline The Dante pipeline has been implemented
within the Mozilla platform. However, it can be re-implented as a plug-in to
other browsers such as IE. As highlighted in Chapter 6, sarrees readers
work better with certain browsers. For example, Jaws woskgeb with IE. In
addition to this alternative browser extension, Dante daa be implemented
on the server side or as a proxy server. A browser implementaill always
have the shortcoming of requiring users to have experienttetiaat particular
browser. A proxy implementation will have the advantage @il platform
and browser independent. Figure 7.1 depicts how Dante ceeringplemented
either on the server side, client side or as an intermedemce such as a proxy
server.

User Evaluation The user evaluation conducted, has focused on a particatesfor-
mation technique. As it is discussed in Section 6.3 (pagg, 143 important
to have a follow-up evaluation to address different tramafitions, options of
transformations, different Web sites, different taskfedent granularity and the
experience of the participants.

7.4 Future Work

The contributions of this thesis and the limitations disatsabove 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, seamtine, etc.) [6]. Their
hypothesis is that sites with a similar role exhibit simsg#muctural patterns. A
similar hypothesis would imply the viability of categongi Web pages with
respect to their navigational and structural properti@sgithe WAFA ontology.

Using Dante in a Different Context Although the Dante approach, particularly the
annotation pipeline, has been proposed for visually ingohusers other user
groups may also benefit. For example, Web pages can be agthatad trans-
formed to meet the requirements of small screen device wsdossupport in-
ternationalisatioh The WAfA ontology can also be extended to address the
requirements of small screen devices. For example, Etoal. (2000) use a

2Seeht t p: / / www. W3. or g/ I nt er nat i onal / .
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Figure 7.1: Possible applications of Dante.

vocabulary (e.g., fidelity, device capability, etc.) to atate Web pages in order
to be able to adapt for small screen devices [59]. This vdeapegan 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. Them, the function-
alities of instance storégan 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. TAR\Wntology
provides extensive knowledge about the page structurewdain easily be used
in different ways. For example, different summarisatiochteques can be ap-
plied by using certain elements (e.€hunk, Li nkMenu, etc.). Moreover,

3An application that supports reasoning over individuagg t p: / / i nst ancest or e. man.

ac. uk/ .
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transformation heuristics can also be introduced for $ddnds of pages, for
example in Web directory pages, a possible transformagaimistic would be to
remove all the objects in the page in order to leave onlyikDi r ect ory
object, this will allow users to easily access that object.

Using Contextual SemanticsAlthough some concepts, calledntextual semantics
have been defined in the WAfA ontology they have not been usddante.
Therefore, a possible extension to the transformatiomigcies would be using
this sub-ontology to capture more information about thesigeirpose and then
to transform pages accordingly (see Section 4.3.3 on 84).

Reuse Annotations and the Model of Web Pagefl07] proposes techniques to reuse
annotations for one page on another page that has a simmiatise. This tech-
nique could be extended by using the object inventory cdebtethe WAFA
ontology to compare pages for their structural and navgati similarities. If
these pages have a similar structure and navigation patienmthe annotations
could be migrated to those pages as well.

Even though this chapter concludes this thesis, in factesdwot provide an ‘end’ to
the research but it provides a ‘beginning’ to further reskaThe Web plays an im-
portant role in many areas of our lives (e.g., education,leympent, government, etc.)
and as Henry states “an accessible Web that allows peopiedigiabilities to actively
participate in society is essential for equal opportusitremany areas* [109]. This
thesis provides encouraging results to realise this byirsphhe problems that discour-
age visually impaired users from accessing Web pages. Thie pvesented in this
thesis will provide a firm foundation for ongoing researctoisupporting better Web
accessibility for visually impaired users.

4Seehtt p: / / www. w3. or g/ WAl /i ntro/ 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 théy/ais&

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
2 | How is your understanding of travel on the web after the ais®y

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
3 | How easy did you find the overall framework?

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
4 | How easy did you find first part which is creating the travekbabjnventory?

O Not good at allzD Not very goodd Moderately goodd Quite good3 Very good
5 | How easy did you find the classification of travel objects (4esng the questionnaire)

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
6 | How difficult did you find answering the questions as ‘yes’oo?

O Not good at allD Not very goodd Moderately goodd Quite goodd Very good
7 | How confident were you during the analysis?

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
8 | How subjective did you find the questionnaire (Classifiaagiof the travel objects)?

O Not good at allD Not very goodd Moderately goodd Quite goodd Very good
9 | How useful did you find the guidelines?

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
10 | How useful did you find the examples?

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good
11 | Did you use the definitions of the classifications of the ttabgects?

O Not good at allD Not very goodd Moderately goodd Quite good3 Very good

Table A.1: Questions for the overall evaluation of the fram.
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Role

Questions

Travel Objects

Decision Points

Doesit provide a set of options (more than one) for making a decision about a journey?

WayEdge

Doesit provide akind of border to another object?

Isit used to break continuity?

Isit used to separate two regions of the page?

Isit a linear or continuous element?

Is it a linear element that serves as dividing line between patte efivironment?

Navigation Points

Can it be used to move from one place to another in the environment?

Can it be used to move either within a page or between pagesWhere can | go?)

Doesit provide a possble route that atraveller exercises some control by choosing to follow or not to follow it?

Reference Points
(Landmarks)

Doesit help the travellers place themsel ves within the environment? (Does it help the travellersknow where they
arein the environment?)

Can it be consdered asa distinctive, recognizable or unique feature of 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 Canit be eadly differentiated in the environment fromany of th

Is it a salient object (strong or prominent)?

Can it be considered as memorable or easy to memorize object?
(After the traveller leavesthe environment, isit likely that he/she will remember thisobject and it'slocationin the
environment. Thuswhen he/she will revist, will thisobject help him/he

Can it be combined with other travel objectswhich allow atraveller to determine his (her)
exact (precise) position in the environment?

Reference Point|Does it provide sufficient information to identify the exact positiorhefttaveller itself?

Component |Isit adequate for determining one's postion in the environment?

Direction

Does this object show which direction the traveller is moving along?
(Does it show the current direction?)

Does this object show which direction the traveller can move along?
(Does it show the possible directions that the traveller can move?along

Digtance

Doesit show how far isthe traveller from the starting point?

Doesit show how far isthe traveller from a destination?

Location&Position

Doesit explicitly show where the traveller iswithin the environment?
(For example: It could be an object that showswhere the traveller isin the active Ste, for instance,

Doesit explicitly help the traveller keep track of the postion in the environment?

Identification Point

Does it identify a part of the environment or another travel object?

Is it used to describe something?

Can it be used to identify the destination on arrival?

Isit adistinguishable property of a part of the environment or another travel object?

Alert

Doesit show a change in the environment?

Doesit notify the user of approaching action or danger?

Doesit issue awarning to the traveller?

Attention

Doesit attract the traveller's attention?

Doesit have a different context from the general context of the environment?

Doesit change the focus of atraveller?

Information Point

Can the traveller ask for detail information about the environment?

Doesit provide amedium for direct request of information (two-way communication)? (I nformation about

Doesthe traveller control the type and amount of information request from this object™(Information about

Doesthe user need to initiate the reques for information?

Travel Aid

Can it be considered as a passive information supply?
(The traveller is not involved in the information supply process) &(imation about environment)

Doesit provide an overview of the environment?

Isthe traveller able to control what information isrevealed?

Travel Memory

Does it show where the traveller has been?

Does it show previously visited places?

Doesit show how the traveller can get back to where he (she) was?

Does the object record information about the travel undertaken so far?

Travel Support

Doesit provide an automated journey?

Figure A.1: The travel object classification questionnaire



Appendix B

The WATA Ontology

B.1 Authoring Semantics

The root concept for this sub-ontologyAsit hor i ngConcept . This concept has
four children: At om Chunk, Node andCol | ecti on. Table B.1 shows a hier-
archical view of the high-level concepts of this part of thr@adogy. The concept
Node represents a Web page and has only one child whid¢toisePage and the
conceptCol | ect i on represents a Web site. The conceft®mandChunk sub-
sume a number of concepts which are explained in Sectiord Buid Section B.1.2
respectively. There are also a number of concepts that ahedied in the ontology

to defineAut hor i ngConcept s. These concepts ar€onnect i on, Cover age,
Posi tion,Order andSt ruct ur e. Each of these concepts and their children are
explained in Section B.113

B.1.1 The Concept ‘Atom’

This concept represents a coherent object that cannot bmllygdecomposed. Ta-
ble B.2 shows a hierarchical view of the children of this agwtonvhich are explained
as follows (The prefix “wafa” represents the URI of the WAfAtology):

Advertisement Is usually a graphical, animated (dynamic) object that edu® ad-
vertise another page and provides link to that page.

Class(wafaddver ti senent partial wafaAt om

restriction(wafahas-partsomeValuesFrom wafiai nk))

'For some of the descriptions, WordNBt ¢ p: / / www. cogsci . pri ncet on. edu/ ~wn/ ) and
Dictionary.comfitt p: // di cti onary. ref erence. conl )are used.
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Part of the Ontology | Concep{Children of Thi ng) | Page No.
hj ect
Authoring Aut hor i ngConcept
Semantics: At om Page 1685
Chunk Page 170
Node
Col |l ection
Defining Authoring | Connecti on Page 176
Semantics: Cover age Page 176
Posi tion Page 177
O der Page 178
Structure Page 178

Table B.1: The overview of the Authoring Semantics.

AdvertisementBanner A banner that is used to advertise another paipel€) or site
(Col I ecti on). This concept is also a child of tiganner concept.

Caption A title, short explanation or description accompanyingllsiration for ex-
ample a table or a figure.

FigureCaption A caption particularly used to describe or identify a figure.

Class(wafdi gur eCapt i on partial wafaCapt i on
restriction(wafas-caption-of allValuesFrom wafé&i gur e))

TableCaption A caption particularly used to describe or identify a table.

Class(wafafabl eCapt i on partial wafaCapt i on
restriction(wafas-caption-of allValuesFrom waf&abl e))

Heading Indicates what the passage below is about (e.g., H1-H6 HTagE)t

Headline Is a widely known concept in newspapers; it is usually setange type
to indicate an important or sensational piece of news. Incthrgext of Web
pages, it is the highlighted heading which can be the latedated or the most
important heading in the page.

SectionHeading Is a heading that is used to identify a particular section.

Class(wafeSect i onHeadi ng partial wafaHeadi ng
restriction(wafas-heading-forallValuesFrom waf&ect i on))
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Concep{Children ofAt om Page No.
Adverti sement Page 1685
Adverti sement Banner Page 1685
Capti on Page 166
Fi gur eCapti on Page 166
Tabl eCapt i on Page 166
Headi ng Page 166
Headl i ne Page 166
Sect i onHeadi ng Page 166
Label Page 166
Li nk Page 168
Not e Page 168§
Citation Page 168§
Foot not e Page 168§
Copyri ght Page 168

NB Page 168§
PS Page 168§
Separ at or Page 168§
Boundary Page 169
Banner Page 169
Adverti senent Banner | Page 165

Ti t | eBanner Page 169

Space Page 169
Synbol Separ at or Page 169
Speci al Graphi c Page 169
Banner Page 169

| con Page 169
Logo Page 169
Title Page 169
Ti t | eBanner Page 169

Table B.2: The overview of the concept “Atom”.
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Label Identifying marker attached to an object; usually used wifbrm element.

Link Is used to provide a link to object&\t(omChunk or Node) and has a URI
definition normally used in conjunction with HTML anchor (&ement. 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 dinke
elements. A good example is a link that is used for crosgeateng [72].

StructuralLink Is used to maintain the structure of the document, but it does
not provide any semantic relationship between the linkéatimation [72].

SkipLink A link that enables users, in particular visually impaireskers, to
avoid certain areas that are considered as obstacles of mbéest. For
example, a skip link is usually provided to skip a header delsar [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 informatiainéomain content
of the document- additional information.

Citation A reference or quotation; a short note recognised a souricgaymation or
of a quoted passage.

Footnote In printed documents, it is a note placed below the main bddlyeotext on
a page or can be defined as a note to explain, comment on odpn@ferences
for an information in a document.

Copyright Is copyright note that is usually located at the bottom of d\Vage.

Class(wafaCopyr i ght partial wafaFoot not e
restriction(wafahas-partsomeValuesFrom waf@pyr i ght Symnbol ))

NB Nota bene. Usually used to direct attention to somethingquéairly important.

PS Postscript. A note appended to a letter after a signature.

2Seeht t p: / / ww. w3. or g/ Addr essi ng/
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Separator Is usually used to separate one object from the others. lalsanbe con-
sidered as a delimiter.

Boundary Indicates the limit or extend of other objects. It usuallyedmines the
limits of an area and indicates a border or limit.

Banner Has a variety of rectangular or square shapes and is meaatdo the im-
mediate attention of the visitor. It can include text, griagnd animation. This
concept has two childremsdver t i senent Banner andTi t | eBanner .

Space This concept represents a white space that is usually usszparate items of
a list or paragraphs.

SymbolSeparator An arbitrary sign that has acquired a conventional sigmftea
On Web pages, a set of special characters are used for spgmaifioses. For
example, ‘vertical bar’ is usually used to separate a limkfrothers 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 denotesraept in a graphical
system.

Logo An emblem or device used to orientate users to their enviemm
Title An identifying name given to Alode (e.g., a Web page).

TitleBanner Is usually at the top and presents the title of the page. lallswns
across the full page and provides a kind of boundary at theThfs concept is
also a child of thdBanner concept.
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B.1.2 The Concept ‘Chunk’

Several objects grouped together to form a coherent unie®.3 shows a hierarchi-
cal view of the children of this concept which are explainedalows:

Figure A diagram or picture illustrating textual material.

Class(wafdi gur e partial wafaChunk
restriction(wafahas-captionallValuesFrom waf&i gur eCapt i on))

Footer Is typically positioned at the bottom of a page and incluaésrmation about
the designer or the company, copyright information andtafiinks.

Class(wafdoot er partialChunk
IntersectionOf(
restriction(wafas-positioned-atllValuesFrom wafdot t om)
restriction(wafahas-direct-partsomeValuesFrom
unionOf(wafatLogo wafali nk wafali nkMenu wafaCopyri ght))))

RunningFooter A footer that is positioned at the bottom of every page in@aaiton
a group of pages in a site.

Header Is typically printed at the top of a page and includes, fomegke, a company
logo, the title of the page, list of links and sometimes ad®angine.

Class(wafadeader partial Chunk
IntersectionOf(
restriction(wafas-positioned-atllValuesFrom wafaop)
restriction(wafahas-partsomeValuesFrom
unionOf(wafaLogo wafaBanner wafaSear chEngi ne
wafali nkMenu wafasSki pLi nk))))

RunningHeader A header that is positioned at the top of every page of a sim@
group of pages in a site.

List Contains an array of items.

BreadcrumbTrail Representation of where and how information is locatediwigh
Web site. It allows a user to link to major categories of infation along a
continuum of sequential order.
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Concepi{Children ofChunk) Page No.
Fi gure Page 170
Foot er Page 170
Runni ngFoot er Page 170
Header Page 170
Runni ngHeader Page 170
Li st Page 170
Br eadcrunbTr ai | Page 170
Navi gat i onal BreadcrunbTrai | | Page 170

At tri but eBreadcrunb Page 173

Locat i onBr eadcr unb Page 173

pat hBr eadcr unb Page 173

Defi ni tionLi st Page 173
Navi gat i onal Li st Page 173
Or der edLi st Page 175
Unor der edLi st Page 175
Ref er ent i al Chunk Page 175
Sear chEngi ne Page 175
Section Page 1785
Abst r act Page 1785
Si debar Page 1785
Sunmary Page 175
Abstract Page 175
PageSummary Page 175
Si t eSummary Page 176
Tabl e Page 176
Dat aTabl e Page 176
Layout Tabl e Page 176

Table B.3: The overview of the concept “Chunk”.
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Concep{Children ofNavi gat i onal Li st )| Page No.
Booknmar k Page 173
Favourites Page 173
Shoppi ngCart Page 173
Drectory Page 173
Si teMap Page 174
WebDi rectory Page 174
FAQ Page 174
Hi storylLi st Page 174
pat hBr eadcr unb Page 173
| ndex Page 174
Si t el ndex Page 174
Li nkMenu Page 174
Dr opDownLi nkMenu Page 174
Navi gat i onal Breadcr unbTr ai | Page 170
At tri but eBreadcrunb Page 173
Locat i onBreadcr unb Page 173
pat hBr eadcr unb Page 173
Tabl eOf Cont ent Page 174

Table B.4: The overview of the concept “NavigationalListeé Table B.3).

Concepi{Children ofOr der edLi st) | Page No,
Attri but eBreadcrunb Page 173
Directory Page 173
SiteMap Page 174
WebDi rectory Page 174
Hi storylLi st Page 174
pat hBr eadcr unb Page 173
I ndex Page 174
Si t el ndex Page 174
Locat i onBreadcr unb Page 173
Tabl eOf Cont ent Page 174

Table B.5: The overview of the concept “OrderedList” (sebléa.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 diffeeelbetween this and
theBr eadcr unbTr ai | 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 haw gstthere.

Class(wafd.ocat i onBr eadcr unb partial
restriction(wafahas-ordersomeValuesFrom wafid: er ar chi cal Or der))

AttributeBreadcrumb Some sites use breadcrumbs like navigational featurestas me
information to describe components of the site. Links amvided in a bread-
crumb manner instead of a flat list of keywords.

Class(wafaAt t ri but eBr eadcr unb partial
restriction(wafahas-ordersomeValuesFrom wafldi er ar chi cal Or der))

PathBreadcrumb Shows the path the user has taken within the site to get touthe ¢
rent page. A page can have different breadcrumbs based ondew get there.

Class(wafa?at hBr eadcr unb partial
restriction(wafahas-ordersomeValuesFrom waféenpor al Or der))

DefinitionList Is used to present the definitions of a list of items (e.g., HLTBL
element)

NavigationalList A list of links (items have to provide navigation support)nks do
not need to be presented in a specific order.

Class(wafdlavi gat i onal Li st partial wafaLi st

restriction(wafahas-PartsomeValuesFrorhi nk))

Bookmark Used to mark a page or a specific place in a page for latervatrie

Favourites List of links bookmarked on personal pages for later redievVypically
users bookmark pages for their future journeys and as eereferfor others.

ShoppingCart Is synonymous to a shopping basket. It is usually used tormaodk a
set of pages or items on a shopping site so that they can beruezlpayment
process.
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Directory supports organisation of links in a hierarchical struct@i@ce it has a spe-
cific order, it is also a child o©r der edLi st .

Class(wafddi r ect or y partial
unionOf (wafalNavi gat i onal Li st wafaOr der edLi st)
restriction(wafahas-ordersomeValuesFrom wafldi er ar chi cal Or der))

SiteMap Provides a well structured view of pages in a site. It usushgws the
categories of links, ordered in a specific sequence useato tte structure and
overview of the site.

WebDirectory Provides links to different web sites in a well structuredywa.g.,
Google directory page).

FAQ Is a list of questions that are frequently asked about a Bpéapic along with
their answers.

HistoryList Provides links to the pages that the user has visited befibresually
presents the links in a particular time order therefore @lg a child of the
Or der edLi st.

Class(wafadi st or yLi st partial
unionOf (wafalNavi gat i onal Li st wafaOr der edLi st)
restriction(wafahas-ordersomeValuesFrom waféenpor al Or der))

Index Provides links to pages in an alphabetical order based om (keykeywords),
each of which identifies a page. This concept has only onel ahllich is
Si t el ndex.

Class(wafd: ndex partial
unionOf (wafalNavi gat i onal Li st wafaOr der edLi st)
restriction(wafahas-ordersomeValuesFrom wafal phabet i cal Or der))

Sitelndex provides an alphabetical list of links to pages within a.site

LinkMenu A list of links that are meant to represent a menu. This cohbap one
child: Dr opDownLi nkMenu which 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(wafaidi st or yLi st partial
unionOf (wafalNavi gat i onal Li st wafaOr der edLi st)
restriction(wafahas-ordersomeValuesFrom
unionOf (wafaHi er ar chi cal Or der wafaSpat i al Or der)))

OrderedList Is a list of items in a specific order (e.g., HTML OL tag). Thisne
cept subsumes a number of concepts which@rre:ect ory, Hi st or yLi st
I ndex, At tri but eBreadcr unb,Locati onBr eadcr unb and

Tabl eOf Cont ent (see Table B.5).

Class(wafdr der edLi st partial wafaLi st
restriction(wafahas-ordersomeValuesFrom waf@ der))

UnorderedList Is a collection of related items that have no special sequenorder
(e.g., HTML UL tag).

ReferentialChunk Is typically used to provide a summary of a page and a linkab th
page. It provides referential information [72]. It typigatontains a heading, a
small paragraph of text and a small image that is used tdriditesthe content. It
is used to introduce the target page and provide link so tieatiser can follow
in order to get further information.

Class(wafdRef er ent i al Chunk partial wafaChunk
intersectionOf(
restriction(wafahas-partsomeValuesFrom waf@ef er ent i al Li nk)
restriction(wafasupport-connection
someValuesFrom waf@ef er ent i al Connect i on)))

SearchEngine Consists of an edit box, a button and is usually identified bgbel .
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 navigadildeatures. It can
also be referred to as a navigation bar and usually posdieiteer on the left or
right side of the page.

Summary A brief statement that represents the main points in a ceriorsn.
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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 introdutéei ontology to describe
Aut hor i ngConcept s. These concepts ar€onnect i on, Cover age,Posi ti on,
Order andStruct ure. Table B.6 provides a hierarchical view of these concepts
which are explained as follows:

Connection The context of the connections (links) between objeCtd ( ect i on,
Node, Chunk or At on) [72]:

AssociativeConnectionConnecting (linking) objects based on the similarity of
their context. Instantiation of a semantic relationshipwaen information
elements or can be defined as creating links based on meamingrass
referencing of objects.

ReferentialConnection Connecting (linking) objects based on an elaboration
of the information or can be defined as providing a link betwae item
of information and an elaboration or explanation of thabinfation. The
item at one end of a referential link exists because of thstence 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 prayadiorm for
the information space which allows users to develop an whaleding of
its scale and their location within the space. This kind afreection does
not imply any semantic relationships between linked infation.

Coverage The range over which mobility concepts are applied or torekte which
something is covered.
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Concepi{Children of Thi ng) Page No.
Connecti on Page 176
Associ ati veConnecti on|Page 176
Ref erenti al Connecti on|Page 176
Struct ural Connecti on |Page 176
Cover age Page 176
Col | ecti onW de Page 176
| nter Page 177
Intra Page 177
Position Page 177
Bott om Page 177
Si de Page 177
Top Page 177
Or der Page 178
Al phabeti cal Or der Page 178
Hi erarchi cal Or der Page 178
Nuneri cal Or der Page 178
Nuneri cal Or der Page 178
Spati al Or der Page 178
Tenpor al O der Page 178
Structure Page 178
Hi erarchy Page 178
Li near Page 178
Mat ri x Page 178
Net wor k Page 178

177

Table B.6: The overview of the concepts used to describeldunngConcepts” (see

Table B.1).

CollectionWide Covers mobility WITHIN aCol | ect i on (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 objiis a page.
The aim of this concept is not to provide the actual physiocaifon 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 thegdgut that is not
really important, the important thing is the notion of beomgthe side.

Order These concepts can be used to indicate the order of organisdthe 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 reptesen
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 steicfuthe docu-
verse either as @ol | ecti on, Node, Chunk or At omof information. For
example, the structures defined below (e.g., linear) carsbd aither to repre-
sent the complete structure of a sid (e structure in &ol | ect i on) or they
could be an internal structure of a pa@h(nk or At omstructure in a page).

Hierarchy Each chunk of informatiordol | ect i on,Node, Chunk or At om
is connected such that superior nodes are connected tmmmedes (pro-
vided connections tend to show parent-child relationship)

Linear Each chunk of informationdol | ect i on, Node, Chunk or At on) is
connected in a linear structure such that it can be followed stepwise
manner (like a guided tour).

Matrix Each chunk of informationdol | ect i on, Node, Chunk or At om)
is connected to all its neighbours in a matrix structure.

Network Each chunk of informationGol | ect i on, Node, Chunk or At om)
is connected to other chunks based on their associativexidiike 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 18(
has-heading | Page 180
has-structure Page 18(
has-summary Page 18(
iIs-summary-of Page 18(
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 descrihgliaringConcepts”.

B.1.4 Properties of Authoring Semantics

This section explains the properties or structural abstnas defined in the ontology.
These properties are particularly introduced in the omgiplm define Authoring Se-
mantics and can be explained as follows:

has-footnote To specify that an object has a particular footnote assedtiaith it.

ObjectProperty(wafhas-foootnote
inverseOf(wafds-footnote-foy

range(wafa=oot not e))

is-footnote-for To indicate that a footnote is associated with a particutged.

ObjectProperty(wafés-foootnote-for
inverseOf(wafehas-footnote
domain(wafaFoot not €))

has-order To indicate the order that objects are presented.
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ObjectProperty(wafhas-order
range(wafar der))

has-part To specify parts of an object.

ObjectProperty(wafaas-part
inverseOf(wafds-part-of))

has-direct-part Introduced to be able to create restrictions about the tdaats.

has-title To specify the title of an object.

ObjectProperty(wafaias-title
range(wafafi t | e))
has-caption To indicate the caption of an object.

ObjectProperty(waf@ias-caption
range(wafaCapt i on))
has-label To specify a label for an object.

ObjectProperty(waf@ias-label
range(wafd.abel ))
has-heading To indicate the heading of an object.

ObjectProperty(wafaas-heading
range(wafadeadi ng))

has-structure To specify the underlying structure of an object.

ObjectProperty(wafaas-structure
range(wafast r uct ur e))

has-summary To specify the summary of an object.

ObjectProperty(wafhas-summary
inverseOf(wafds-summary-of)
range(wafaSuntmar y))

isssummary-of Inverse ofhas-summarproperty. It can be used to indicate which ob-
ject does the summary object summarise.
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ObjectProperty(wafés-summary-of
inverseOf(wafehas-summary
domain(wafaSumar y))

is-part-of Inverse ofhas-partproperty.

ObjectProperty(wafés-part-of
inverseOf(wafehas-par))

has-direct-part Introduced to be able to create restrictions about the tjdaats.

is-caption-of Inverse ofhas-captiorproperty.

ObjectProperty(wafés-caption-of
inverseOf(wafahas-Caption)
domain(wafaCapt i on))

is-label-for Inverse ofhas-labelproperty.

ObjectProperty(wafés-label-for
inverseOf(wafahas-Labe))
domain(wafa.abel ))

is-heading-for Inverse ofhas-headingroperty.

ObjectProperty(wafés-heading-for
inverseOf(wafahas-headiny)
domain(wafadeadi ng))

is-positioned-at To indicate the logical position of an object.

ObjectProperty(wafés-positioned-at
range(wafaPosi t i on))

supports-movement To indicate the mobility coverage of an object.

ObjectProperty(wafaupports-movement
range(wafaCover age))

B.1.5 Meta-Knowledge about Authoring Semantics

The following list shows some meta-knowledge included im ¢imtology about con-
cepts in the Authoring Semantics part. For example, (4 caieis that an object cannot
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Concepi{Children ofPur pose) Page No.
bj ect Pur pose Page 182
Ai dsExt er nal Menory Page 182
Ai dsNavi gati on Page 183
AidsOrientation Page 183
Travel | er Pur pose Page 183
Br owsi ng Page 183
Casual Browsi ng Page 183
Opportuni sti cBrowsi ng | Page 183
syst enmat i cBrowsi ng Page 183

Moni t ori ng Page 183
Cbser vi ng Page 183
Querying Page 183
Scanni ng Page 183
Sear chi ng Page 183

182

Table B.8: The overview of the concepts used to describedheapt “Purpose”.

be aNode and anAt omat the same time. Similarly, (8) indicates that an objechoan

be aChunk andAt omat the same time.

(1) DisjointClasses(waf@pp wafaBot t om)

(2) DisjointClasses(waf@pl | ect i on wafaNode)
(3) DisjointClasses(waf@hunk wafaCol | ect i on)
(4) DisjointClasses(waftiode wafaAt om)

(5) DisjointClasses(wafepoot not e wafaHeadi ng)
(6) DisjointClasses(wafeieader wafaFoot er)

(7) DisjointClasses(waf@pl | ect i on wafa:At on)
(8) DisjointClasses(waf@hunk wafaAt om

(9) DisjointClasses(waf@hunk wafaNode)

B.2 Contextual Semantics

This section describes the concepts in the contextual seearll the concepts de-

fined here are subsumed by the condeyt pose. Table B.8 shows the hierarchical

view of the children of this concept that are explained a®va:

ObjectPurpose Shows the intention of an object in an environment rathen tha

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 eitihem external
sources like maps, or directly from mental recall. Extemalmory is the
provision of these external sources of learnt knowledgge,(maps, guides)
and so the purpose of the object is to support such externalomye

AidsNavigation The purpose of the object is to help user answer the question
“where can | go?”

AidsOrientation The purpose of the object is to help user answer the question
“where am 1?”,

TravellerPurpose Shows the purpose or intention of the traveller.

Browsing Is an activity that a traveller can engage in while travellanjourney
or can be defined as movement through an information spaisehk 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 unsystematig.|

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 sei@kgr For
example, while reading a text related to a specific topic, aitadng strat-
egy "listens” for concepts related to another topic of iagtr

Observing Used when the information seeker assumes that he(she) psanmas-
ing neighbourhood and react the stimuli from the neighboadh For
example, advertisements in newspapers attract the brevadtntion as
he(she) applies observational tactics. Observations e/t interesting
discoveries but yield initiation control to the environmgf].

Querying Defined as using a search engine to submit a description ohbjleet
being sought and receiving relevant content of informafd).

Scanning An activity that compares sets of well-defined objects witlohject
that is clearly represented in the information seeker’sohirid].

Searching This activity is the task of looking for a known target [66].
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play's characters. The play was both a critical and commercial success, and Samuel
Goldwyn acquired the rights to itm 1935 -- but at a price. Under strict supervision of
the tensorions Haps Office, upholders of the Production Code, Goldwyn was not
allowed to: &) use the play's original title for the flm version; b) make any reference to
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young girl says one of them is secretly in love with the other — but instead of spinster Martha
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(MeCrea), and the whiff of betrayal and pre-marital sex is enough to throw their lives into chaos. The
resulting movie certainly loses some of its power especially with a refurbished happy ending for
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C.2 The Evaluation Methods



Title Endpoints |Descriptions Metrics |Nasa TLX Metrics
Mental Demand Low/High How.much menta}l a_nd perc&_aptual act|V|ty.was 0- qu MENTAL DEMAND
required (e.g., thinking, deciding, calculating, 20-High |
remembering, looking, searching, etc.)? Was the Ll % b b g F L 1§ 15 ] g 3
. . Low High
task easy or demanding, simple or complex,
exacting or forgiving?
Physical Demand [Low/High How much physmal gctmty was requweq (e..g., 0- qu PHYSICAL DE
pushing, pulling, turning, controlling, activating, |20-High | | 1] | | FEERTAEY
etc.)? Was the task easy or demanding, slow or Lmlr | || L 11 L1011l l,
brisk, slack or strenuous, restful or laborious? 5
Temporal Demand|Low/High How much time pressure did you feel due to the |0- Low TEMPORAL DEMAND
rate or pace at which the tasks or task elements [20-High Lilailal il | tlo by bl
occurred? Was the pace slow and leisurely or Low High
rapid and frantic?
Effort Low/High How hard did you have to work (mentally and 0- Low EFFORT
physically) to accomplish your level of 20-High F e BT R g | o o i |
performance? Low High
Performance Good/Poor  [How successful do you think you were in 0- Good PERF ORMANCE
accomplishing the goals of the task set by the 20- Poor Folao ol ||| Cl | |||I
experimenter (or yourself)? How satisfied were Cood Poor
you with your performance in accomplishing
these goa
Frustration Level [Low/High How insecure, discouraged, |rr|taF§d, stressed 0- qu FRUSTRATION
and annoyed versus secure, gratified, content, 20-High
relaxed and complacent did you feel during the L bbb b ba bl ||I|J
Low High

task?

Table C.1: NASA Task Load Index (TLX) details.
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APPENDIX C. THE USER EVALUATION 190

C.3 The Evaluation Results



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 x Part- X Physotherapist Student| Self- Retired | Lecturer x

advisor time employed

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 Yes Yes Yes Yes Yes Yes Yes Yes Yes
(Yes/No):

4| How do you describe your vision (blingBlind Blind Blind Blind | Blind Partially| Blind Blind Blind Partially
sighted, partially sighted): sighted sighted

5 | Which browser and operating system do yd&& W- | IE& W- | IE& W- | IE& IE& W-XP IE& W- | IE& W- | IE& W- | IE& W- | IE& W-
use? XP XP 2000 W-XP 98 XP 2000 | XP XP

6 | Which assistive technology do you use? | Jaws5.0| Jaws5.(q Jaws4.0| Hal Jaws3.7 Lunar |Jaws3.7| Hal Super | Hal

Nova
8 | Does participant wish to remain anonymoui$to No No No No Yes No No No No
9 | Does participant give permission to use maes Yes Yes Yes Yes Yes Yes Yes Yes Yes

terial from this evaluation within reports?

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: Mental Demand Physical Demand Temporal Demand Effort Performance Frusation Level

oI ¢} T 0 T ¢} T o) T (¢} T 0 T

P1 13 8 10 4 7 6 10 3 8 2 13 5

P2 15 12 17 15 15 12 20 17 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 13/63 438 9.88 463 15/00 338
StDev: 2.17 3.89 4.95 4.17 7.42 3.85 444 320 5.4 3.46 5.04 3.29

Note: For all factors, except perceived performance level, a logresis positive in terms of usability
(‘O’= Original page and ‘T'= Transformed page).

Table C.3: Individual and mean rating for TLX factors for &g C.3 and C.4.

TLX: Mental Demand Physical Demand | Temporal Demand Effort Performance Frustration level

o/T @) T O T ¢} T ¢} 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

pP7 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 1433 3|17 1617  3J50 16.33.00 2
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

Note: For all factors, except perceived performance level, a loaresis positive in terms of usability
(‘O’= Original page and ‘T'= Transformed page).

Table C.4: Individual and mean rating for TLX factors for &g C.5 and C.6.
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know where you are)?

Questions Pl P2 P3 P4 P5 P6 P7 P8

1. Do you know (do you have an [Yes, Quite long. Quite long. Long and lots of |Long, lots of |Quite long. Similar size. Quite long page. No idea, don't

idea) how long this page is (we ar| information. links. know.

not looking for the exact size but

trying to find out if you have an

idea about the size?)

2. Do you think now you have an |[Very limited. Not really. Yes. Not really. No. Not really No. Not really.

overview of the page?

3. How difficult was it to get such (|Difficult. Difficult. Difficult, lots of Very difficult. |Difficult. Very difficult.  |Difficult. Very hard work.

an overview? effort.

4. What do you think about the IToo much. Too much. Quite alot. lot of links. Too much and too Quitealot . Too much. A lot of

lamount of information? much detailsto deal information.
with.

5. Did you find this page complex3Complex. Yes. Neither easy nor Complex. Complex. Very complex. |Yes. Yes.

If yes How complex you think is difficult.

this page?

6. Was there anything particular (No. No. No. No. So many links and No. Lotsof repeated links.  |Very long list of

you found repetitive in the page? cannot differentiate. links.

7. How easy was it to access Quite long. Very complex.  [No. Difficult to Very difficult. Complicated. Yes. Difficult.

different parts of this page? picture.

8. How easy was it for you to Not difficult. Very difficult.  |Difficult. Difficult. Difficult. Difficult. Not that difficult. Very difficult.

figure out your position in a

specific section with respect to

other sections in the page?

9. At any point in your journey,  [No. Yes. Not straightforward. |No. Yesmoved to top of |No. Y es, moved to top of the [No.

did you think you werelost (didn't the page. page.

Table C.5: Summary of the structured interview resultsiierdriginal version of home
page of Manchester University (see Figure C.3).

did you think you werelost (didn't
know wher e you are)?

Questions P1 P2 P3 P4 P5 P6 P7 P8

1. Do you know (do you have an ||Yes, different. Quite long but [Yes, well structureq. Not long. Not the actual sizd.  Similar size | Not longhaatame [Not the physical
idea) how long this page is (we ar| manageable. page and size. size but the logicql.
not looking for the exact size but

trying to find out if you have an

idea about the size?)

2. Do you think now you have an [[Yes, can scan the|Yes Yes, well structurefl. Yes, not Yes. Not really. Easier to get an Much simpler
overview of the page? page. repetitions. overview. content.

3. How difficult was it to get such [[Very easy. Easy. Easy. Easy. Easy. Easy. Easy. Easy.

an overview?

4. What do you think about the INot too much, jusfMore structured Not much. Less clutter fdot much Not much. Much better. Not as much a:
lamount of information? right amount. go through. possible but usef
5. Did you find this page complex3Wasn't complex.  |Not really. Very smple. Smple. Not complex. Smple. No. No.

If yes How complex you think is

this page?

6. Was there anything particular [[No. No. No. No. No. No. No. No.

you found repetitive in the page?

7. How easy was it to access Easy. No. Very easy. Easy. Easy. Quite easy. No. Easy.

different parts of this page?

8. How easy was it for you to \Very easy. Easy. Easy. Easy. Not that difficult. Easy. Easy. Easy.

figure out your position in a

specific section with respect to

other sections in the page?

9. At any point in your journey,  [No. No. Not at all. No. No. No. No. No.

Table C.6: Summary of the structured interview results fiertransformed 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 th{®No. Really long. No. No. Very long. No, but guess
page is (we are not looking for the exact size but trying that is long.
to find out if you have an idea about the size?)
2. Do you think now you have an overview of thgYes. No. No. Not really.| Rough idea. No.
page?
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 ofToo much. Not useful. Too much. Hard to [Too much. Too much.
information? read.
5. Did you find this page complex? If yes How complelYes, too Yes. Very complex. Very very |Yes. Difficult.
you think is this page? complex. complex.
6. Was there anything particular you found repetitive|Yes, lots of Yes. Not complex. No. Lots of tablegNo.
in the page? tables and links without

at the top. headings.
7. How easy was it to access different parts of thj¥ery difficult Difficult. ery difficult. Links were |Difficult. Yes.
page? not clear.
8. How easy was it for you to figure out your positior)Relatively yes, [Very difficult. No, very difficult. | Difficult. |Difficult. Difficul t.
in a specific section with respect to other sections |too long.
the page?
9. At any point in your journey, did you think you were |Yes. Yes, at some |Couldn't figure out |Yes. Yes. No.
lost (didn’t know where you are)? point didn't have [my position at all.

!

Table C.7: Summary of the structured interview results lier driginal 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 thi®o. Not long at |Very wage |Yes. Much much At least, |
page is (we are not looking for the exact size but tryingy all. idea. better. know
to find out if you have an idea about the size?) sections.
2. Do you think now you have an overview of thgYes. Yes. Yes. Yes, easily] Yes. Yes.
page?
3. How difficult was it to get such an overview}Easy. No. Difficult. No. Precise. Easy.
4. What do you think about the amount ofUser-friendly Clean. A lot. Less Fine. Fine.
information? version. confusing.
5. Did you find this page complex? If yes How compleptess complex, [No. Complex. No. Simpler. Simple.
you think is this page? usable navigation

mechanism.
6. Was there anything particular you found repetitive|No, sections wer¢No. Simple. No. No. No.
in the page? clearly stated.
7. How easy was it to access different parts of th|¥ery easy. Easy. Difficult. Movement [Not so difficult. | No.
page? was difficult.
8. How easy was it for you to figure out your positiorjQuite different  [Easy. No. Not difficult| Easy. Easy.
in a specific section with respect to other sections [from the original.
the page?
9. At any point in your journey, did you think you were |[No No. No. No. No. No.
lost (didn't know where you are)?

Table C.8: Summary of the structured interview results fiertransformed version of
the home page of IMDB (see Figure C.6).



