Disabled people and the Web:

User-based measurement of accessibility

André Pimenta Freire

Submitted for the degree of Doctor of Philosophy

University of York

DEPARTMENT OF COMPUTER SCIENCE

September 2012



Abstract

Being able to use websites is an important aspect of every-day life to most
people, including disabled people. However, despite the existence of technical
guidelines for accessibility for more than a decade, disabled users still find problems
using websites. However, our knowledge of what problems people with disabilities are

encountering is quite low.

The aim of the work presented in this thesis was to conduct a study that
characterises the problems that print-disabled users (blind, partially sighted, dyslexic
users) are encountering on the web. This characterisation includes the categorisation
of user problems based on how they impact the user. Further, frequency and severity
of the main types of problems were analysed to determine what were the most critical

problems that are effecting users with print-disabilities.

A secondary goal was to investigate the relationship between user-based
measures of accessibility and measures related to technical guidelines, especially the
Web Content Accessibility Guidelines (WCAG) 1.0 and 2.0 from the World Wide Web
Consortium (W3C). This was done to both identify gaps in the current guidelines, as
well understanding where technical guidelines are currently not sufficient for addressing

user problems.

The study involved task-based user evaluations of 16 websites by a panel of 64
users, being 32 blind, 19 partially sighted and 13 dyslexics and manual audits of the
conformance of websites to WCAG 1.0 and 2.0. The evaluations with print-disabled
users yielded 3,012 instances of user problems. The analysis of these problems

yielded the following key results.

Navigation problems caused by poor information architecture were critical to all
user groups. All print-disabled users struggled with the navigation bars and overall site

structure.

Blind users mentioned problems with keyboard accessibility, lack of audio
description of videos and problems with form labelling often. However, beyond these

seemingly low-level perception and execution problems, there were more complex



II

interaction problems such as users not being informed when error feedback was added

dynamically to a page in a location distant from the screen reader.

For partially sighted users, problems with the presentation of text, images and

controls were very critical, especially those related to colour contrast and size.

For dyslexic users, problems with language and lack of search features and

spelling aids were among the most critical problems.

Comparisons between user problems and WCAG 1.0 and WCAG 2.0 did not
show any significant relationship between user-based measures of accessibility and
most measures based on technical guidelines. The comparisons of user problems to
technical guidelines showed that many user problems were not covered by the

guidelines, and that some guidelines were not effective to avoid user problems.

The conclusions reinforced the importance of involving disabled users in the
design and evaluation of websites as a key activity to improve web accessibility, and
moving away from the technical conformance approach of web accessibility. Many of
the problems are too complex to address from the point of view of a simple checklist.
Moreover, when proposals are made for new techniques to address known user
problems on websites, they must be tested in advance with a set of users to ensure that
the problem is actually being addressed. The current status quo of proposing
implementations based on expert opinion, or limited user studies, has not yielded

solutions to many of the current problems print-disabled users encounter on the web.
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Chapter 1. Introduction

The Web has become one of the most important and widespread media to provide
access to news, services, entertainment and all different kinds of information in people’s
daily lives. A plethora of daily activities can now be performed using the Web, such as
paying taxes, purchasing goods, using banking services, doing online courses and
many others. It is clear that improving the Web to make it more used to everyone can

have a substantial impact on people’s lives.

Disabled people can particularly benefit from having access to services available on
the Web, as it provides them with ways to live more independently (Hanson et al. 2009).
In order to make websites more inclusive, it is very important to consider that the public
may include not only mainstream users, but also users who may have vision, hearing,
physical, cognitive disabilities, learning difficulties such as dyslexia or may be from
different age groups. The needs of these user groups must be taken into account in the

design of websites so that they do not encounter barriers in accessing the Web.

In order to use the Web, many disabled users need to use adaptations in their
computers, such as the use of special settings in browsers (e.g. larger fonts, colour
changes) or specialised assistive technology. For example, many blind users will use
screen reader software that synthesises speech to read content on a web page, while
some users who are partially sighted may use screen magnification and changes in the
colour scheme. Users may also need alternatives or enhancements to content, such as
the provision of textual descriptions of images, audio description of videos, captioning or
translation to sign language of audio or simplified versions of text with complex

language.

There are several reasons why developers should make their websites accessible
to people with disabilities. From a business perspective, it means that websites can
reach a wider audience, and hence, expand the range of potential customers. There
are approximately 10 million disabled people in the UK, representing 18% of the
population (Office for Disability Issues 2011). Besides, several countries have
legislation that makes it mandatory to make websites available to everyone, such as the
Section 508 of the US Rehabilitation Act (US Government 2011) and the Equality Act in

the UK (UK Government 2010). The current ageing of the population is also an



important motivation for making websites more accessible (Hanson 2009, Hanson
2001, Kurniawan and Zaphiris 2005), as the prevalence of disabilities is higher with
older people (Office for Disability Issues 2011). From the moral perspective, websites
should be made accessible because everyone should be entitled to have access to

information, products and services, despite of any disabilities.

Despite the importance of making websites accessible, research studies have
shown that many websites still present many barriers for disabled users to use e.g.
(Coyne and Nielsen 2001, Disability Rights Commission 2004, Leuthold et al. 2008,
Petrie and Kheir 2007, Theofanos and Redish 2003). In the largest of those studies,
performed by the Disability Rights Commission of Great Britain (2004), it was found that
blind users could complete only 53% of the tasks they attempted, showing that
accessibility problems can prevent them from having access to a significant amount of
information and services on websites. Those findings highlight how critical it is to make
websites more accessible and make better websites that disabled users can effectively

use.

Technical web accessibility guidelines have been the main resource used to help
make websites more accessible. The most well-known are the Web Content
Accessibility Guidelines (WCAG), developed by the Web Accessibility Initiative (WAI) of
the World Wide Web Consortium (W3C), with version 1.0 published in 1999 (Chisholm
et al. 1999) and version 2.0 in 2008 (Caldwell et al. 2008).

While there have been plenty of studies on the accessibility of websites based on
technical guidelines, the number of research studies involving evaluation with disabled
users is comparatively small. Those studies are very valuable, as they provide
empirical evidence of the context in which accessibility problems occur. Two of the
largest studies involving disabled users were developed by Coyne and Nielsen (2001),
with 104 disabled users including blind, partially sighted and physically disabled users,
and by the Disability Rights Commission (DRC) of Great Britain (2004), with 50 disabled
users including blind, partially sighted, deaf and hard of hearing, physically disabled and
dyslexic users, both in laboratory and remotely. Other smaller studies on more specific
issues with specific user groups have also been performed (Al-Wabil et al. 2007,
Leporini and Paternd 2008, Leuthold et al. 2008, Rello et al. 2012, Theofanos and
Redish 2003).

There is a lack of empirical evidence to existing web accessibility guidelines, which
can be one of the causes of disabled users still finding so many problems in websites.

The usability guidelines provided by the US Department of Health and Human Services



(2006) provide ratings with the strength of evidence of each guideline. Such information
is not available on the guidelines in WCAG. In fact, some studies have not found
evidence of relationship between the evaluation of websites by disabled and
conformance to WCAG 1.0 and 2.0 (Disability Rights Commission 2004, Rgmen and
Svanaes 2008, Rgmen and Svanaes 2011).

Building a strong corpus of empirical evidence to support the development of more
accessible websites that can be used by disabled users is a clear need (Kelly et al.
2005, Kelly et al. 2007, Petrie and Kheir 2007). Only with strong evidence-based
design strategies will web designers be able to produce websites that disabled users

will be able to use websites effectively.

Although some large studies, such as the one performed by the DRC (2004), have
provided important contributions to building evidence of problems encountered by
disabled users on websites, little has been done to build up on the results of such
studies. The DRC study revealed several problems encountered by disabled users, but
it would be very important to follow leads from this study and deepen the understanding
of the nature of problems encountered by disabled users, and the severity of such
problems. Many problems encountered in the DRC study with remote evaluations could
be further examined with more detailed evaluations performed in laboratory. Besides,
many accessibility issues brought with the development and use of new technologies in

websites since the DRC study in 2003 need to be explored.

With regard to the relationship between problems encountered by disabled users
and technical web accessibility guidelines, the evidence provided by the DRC (2004)
and other studies (Rgmen and Svanaes 2008, Rgmen and Svanaes 2011) have
advanced significantly the understanding of this relationship. However, there have
been criticisms that there were not enough websites with higher levels of conformance
to WCAG in those studies (Brewer 2004). More studies with websites at higher levels
of conformance would be able to provide further evidence about the nature of the
relationship between problems encountered by disabled users and technical web

accessibility guidelines.

The research presented in this thesis aims to expand the body of evidence of
problems encountered by disabled users on websites, by performing an empirical study
with user-based measurement of the accessibility of websites evaluated by disabled
users. The main objective of the study is to further the knowledge of the characteristics

of the main problems encountered by print-disabled users on websites.



As a secondary goal, the study also aims to provide further evidence of the nature
of the relationship between the problems encountered by print-disabled users and
technical web accessibility guidelines. In order to overcome limitations in similar
previous studies, this study included websites at different levels of conformance to
WCAG 1.0 and WCAG 2.0, and not only websites that did not conform to the guidelines.

In order to achieve advancements in relation to previous related studies, it was
necessary to perform a carefully designed study in a larger scale. Instead of several
small studies, the research in this thesis consists of one large study that addresses

different research questions.

The study focused on users with print disabilities, involving blind, partially sighted
and dyslexic users. The restriction on the user groups included in the study was
necessary in order to perform a more in-depth analysis of the problems encountered by
each group. Results from the DRC (2004) study indicated that these three user groups

encountered a wider range of problems than other user groups.

A careful selection of 16 websites was performed for the study. The selection
included websites at different conformance levels with WCAG 1.0 and 2.0, selected by
means of manual accessibility audits of the home page of hundreds of websites to find

enough websites at different conformance levels.

1.1 Research questions and objectives

The main goal of this thesis was to investigate measures of the accessibility of web
sites by means of evaluation by print-disabled users, in order to characterise the main
accessibility problems encountered by those users when using websites. The aim of
the characterisation of accessibility problems was to provide researchers and
practitioners with a good understanding of the nature of problems encountered by
disabled users on websites, how users are affected by those problems and what the

technical causes of those problems are.
Based on this goal, the primary research question of this work was:

- Research Question 1: What are the main characteristics of accessibility
problems encountered by print-disabled users when attempting to use

websites?

In order to answer Research Question 1, the following sub-questions were

proposed:



o Research Question 1.1: What is the degree to which print-disabled users

can complete their tasks on websites?

o Research Question 1.2: How do print-disabled users rate the level of

difficulty to perform tasks on websites?

o Research Question 1.3: What are the main types of accessibility
problems encountered by print-disabled users on websites and their

technical causes?

o Research Question 1.4: What is the frequency of the main types of

accessibility problems encountered by print-disabled users on websites?

o Research Question 1.5: What is the severity of the main types of

accessibility problems encountered by print-disabled users on websites?

Following the primary goal of this research, a secondary goal was to investigate the
relationship between user-based measures of the accessibility of websites and
measures of technical web accessibility. Having different ways of making a theoretical
concept such as web accessibility more concrete and measureable is quite typical in the

human and social sciences and is known as operationalisation. As can be seen in
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theoretical construct of web accessibility

In order to pursue the secondary goal and investigate the two different ways of
operationalising the web accessibility construct, the following secondary research
question was proposed:

- Research Question 2: What is the relationship between user-based

measures of accessibility of websites and measures of technical web



accessibility based on the guidelines defined in the Web Content
Accessibility Guidelines 1.0 (Chisholm et al. 1999) and 2.0 (Caldwell et al.
2008)?

The following sub-questions were proposed to address Research Question 2:

o Research Question 2.1: Is there any relationship between the number of
instances of problems encountered by print-disabled users on websites
and the level of conformance to WCAG 1.0 and WCAG 2.0?

o Research Question 2.2: Is there any correlation between the number of
instances of problems encountered by print-disabled users on websites
and the number of violations of WCAG 1.0 checkpoints/ WCAG 2.0

success criteria?

o Research Question 2.3: What is the coverage of problems encountered
by print-disabled users on websites by the guidelines in WCAG 1.0 and
WCAG 2.0?

o Research Question 2.4: What is the relationship between the severity
levels of problems encountered by print-disabled users and the priority of

guidelines in WCAG 1.0 and 2.0 related to those problems?

o Research Question 2.5: Do print-disabled users encounter problems in

web pages that conform to guidelines?

1.2 Organisation of the thesis

This thesis is organised in seven chapters and several appendices, containing
material used in the evaluations. Chapter 2 presents a detailed review of the literature,
examining studies related to user evaluation of web accessibility, evaluation of technical

web accessibility and studies that analysed the relationship between the two.

Chapter 3 presents the details of the user study undertaken with print-disabled
users. It includes the sampling technique for choosing websites, the methods for
accessibility audits and the study design including research participants, materials and
the procedures followed during the evaluation session. It also includes a description of

how the data from the study was analysed.

Chapter 4 examines the results of the user evaluations and includes information
regarding the problems encountered by print-disabled users on the Web. The chapter

presents measures from the evaluation of websites by print-disabled users, including



measures of task completion, difficulties and number and severity of problems. A
detailed description of the frequency and severity of the key types of accessibility
problems encountered by disabled users is presented. The full description of all types
of accessibility problems encountered, including both users’ perspective and technical

causes, is presented in details in Appendix D.

Chapter 5 addresses the secondary research question, examining the relationship
between problems encountered by print-disabled users on websites and the
conformance of websites to WCAG 1.0 and WCAG 2.0. The chapter analyses the
relationship between user problems and conformance levels, instances of violations of
checkpoints/success criteria, and number of different checkpoints/success criteria
violated. It also presents an analysis of the types of user problems that are covered or
not by WCAG 1.0 and WCAG 2.0.

Chapter 6 presents the general discussions of how the research questions
proposed in this work were addressed in this thesis. Chapter 7 presents a summary of
the main contributions of the work in this thesis and presents lines of investigation that

could be explored in future work.



Chapter 2. Literature Review

This chapter presents a review of the literature focused on the evaluation of the
accessibility of websites. The chapter presents studies that concern evaluation of the
accessibility of websites by disabled users, studies with evaluation of the conformance
of websites to technical guidelines, and studies that investigate the relationship between
user evaluation and technical guidelines. Section 2.1 presents user-centred definitions
of accessibility and Section 2.2 presents technical web accessibility guidelines. Section
2.3 presents evaluation of web accessibility with disabled users and evaluation based
on technical guidelines. Section 2.4 presents a review of related studies with the
evaluation of websites with disabled users, Section 2.5 presents studies that compared

evaluation of websites with disabled users with technical guidelines.

2.1 User centred definitions of accessibility

The concept of web accessibility has been related to the issues related to the use of
websites and web applications by people with disabilities. However, a clear and
comprehensive definition of accessibility has not still been agreed as a result from some
confusion in different definitions (Petrie and Kheir 2007, Petrie and Bevan 2009,
Yesilada et al. 2012).

Other authors have proposed alternatives to defining accessibility from the user
perspective. Shneiderman (Shneiderman 2000, Shneiderman 2003) proposed the term
universal usability stating that accessibility would be a precursor to usability. Thatcher et
al. (2003) defined accessibility as being a disjoint subset of problems of people with
disabilities from mainstream users. However, results reported by Petrie and Kheir
(2007) have shown that there is a common subset of problems affecting both users with
disabilities and mainstream users, as well as problems that affect each group
separately. Besides, other studies have also shown that there are usability problems
that affect mainstream users whose effects can be amplified for users with disabilities
(Disability Rights Commission 2004, Harrison and Petrie 2007).

The definition of accessibility provided by the International Standards Organization

has made it closer to that of usability. According to the ISO 9241 standard on



10

Ergonomics of Human System Interaction- Part 11 (International Standards

Organization 1998), usability is defined as:

“The extent to which a product [service or environment] can be used by specified
users to achieve specified goals with effectiveness, efficiency and satisfaction in a

specified context of use.”.

In this same standard, effectiveness is defined as “the accuracy and completeness
with which users achieve specified goals”; efficiency is defined as the resources
expended in relation to the accuracy and completeness with which users achieve those
goals; and satisfaction is defined as “freedom from discomfort, and positive attitudes

towards the use of the product [system, service or environment]”.

Part 171 of ISO 9241 (International Standards Organization 2008) on software

accessibility, defines accessibility as:

“the usability of a product, service, environment or facility by people with the widest

range of capabilities”.

The definition provided by ISO 9241-171 seems to extend the definition of usability
of software products to “people with the widest range of capabilities”, particularly those

with disabilities.

In the context of the work presented in this thesis, emphasis is given to a user-
based definition of accessibility. The definition of the term “web accessibility” used in
this work is adapted from the definitions from ISO 9241-11 (International Standards
Organization 1998) and ISO 9241-171 (International Standards Organization 2008),
and used by Petrie and Kheir (2007) as:

“the extent to which a product/website can be used by specified users with
specified disabilities to achieve specified goals with effectiveness, efficiency and

satisfaction in a specified context of use”.

2.2 Technical accessibility

Technical accessibility is defined by whether or not web content that is implemented
on a web page meet criteria that are specified in one or more sets of guidelines (Arrue
et al. 2007, Cooper et al. 2012, Henry 2003).

. There are several different guideline sets that have been proposed; however, the

most famous and arguably the most important are the Web Content Accessibility
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Guidelines (WCAG) from Web Accessibility Initiative (WAI) of the World Wide Web
Consortium (W3C).

Other guidelines and governmental web accessibility policies were also defined by
government bodies, such as the Section 508 of the US Rehabilitation Act (US
Government 2011) and the Web Accessibility Code of Practice published by the British
Standard Institute (British Standards Institute 2010).

The model of accessibility proposed by the WAI is composed of three main sets of
guidelines: the Web Content Accessibility Guidelines (WCAG) (Chisholm et al. 1999,
Caldwell et al. 2008), the Authoring Tool Accessibility Guidelines (ATAG) (Treviranus et
al. 2000) and the User Agent Accessibility Guidelines (UAAG) (Jacobs et al. 2002).
This model provides guidelines to be used by developers of web content, developers of
authoring tools and user agents (such as web browsers and assistive technologies),
expecting that web content in conformant web pages, produced by conformant
authoring tools and rendered by conformant user agents would make for websites to be

accessible to disabled users.

The Web Content Accessibility Guidelines (WCAG) were developed by the Web
Accessibility Initiative (WAI) of the World Wide Web Consortium (W3C) to encourage
and ensure the development of accessible content for the web. Version 1 (WCAG 1.0)
was released in 1999 (Chisholm et al. 1999) and Version 2 (WCAG 2.0) in 2008
(Caldwell et al. 2008).

WCAG 1.0 comprises 14 high-level accessibility guidelines, which are broken down
into 65 more specific checkpoints. Each checkpoint is assigned a priority level (Priority
1, 2 and 3). A Web page or resource must satisfy Priority 1 (P1) checkpoints otherwise,
according to WCAG 1.0: ‘one or more groups [of disabled people] will find it impossible
to access information in the document’ (Chisholm et al. 1999). If Priority 2 (P2)
checkpoints are not satisfied, one or more groups of disabled people will find it difficult
to access information in the document. If Priority 3 (P3) checkpoints are not satisfied,
one or more groups of disabled people ‘will find it somewhat difficult to access
information’ (Chisholm et al. 1999). If a website passes all P1 checkpoints, it is Level A
conformant; if it passes all P1 and P2 checkpoints, it is Level AA conformant; and finally

if it passes all P1, P2 and P3 checkpoints, it is Level AAA conformant.

Problems and limitations of WCAG 1.0 were reported in a number of studies,
involving difficulties in understanding the guidelines, the interdependency of WCAG on

other guidelines, ambiguity, logical flaws, the closed nature (especially with regards to
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the limitation to W3C technologies) and the complexity of the guidelines (Colwell and
Petrie 2001, Donnelly and Magennis 2003, Kelly et al. 2005, Sloan et al. 2006).

WCAG 2.0 starts with four high level principles of web content accessibility: that
content must be perceivable; interface components in the content must be operable;
content and controls must be understandable; and content should be robust enough to
work with current and future user agents (including assistive technologies). Each
principle has its associated guidelines, referring to different aspects of accessibility,
comprising a total of 12 guidelines. Further, Guidelines under each of these Principles
have been rephrased to be solutions to specific user requirements, such as the
provision of text alternatives for non-text content (Perceivable, Guideline 1.1). For each
Guideline, there are Success Criteria (SC). SCs are testable statements that a
developer can use to determine if web content on a web page is accessible. It is
against these SC that a website is measured for conformance, with each SC having a
priority level, Level A, AA or AAA, relating to conformance levels that are similar to
WCAG 1.0.

Meeting all success criteria with a certain priority level is the first of five
requirements to achieve a certain level of conformance to WCAG 2.0. The second
requirement is that a full page has to be conformant, excluding the possibility to achieve
conformance of only parts of pages. The third requirement is that, if a page is part of a
process that involves several steps, then all pages in the process have to be
conformant. The fourth requirement states that “only accessibility-supported ways of
using technologies are relied upon to satisfy the success criteria” (Cooper et al. 2010a),
meaning that all technologies used on a web page have some level of accessibility
support provided by assistive technologies and user agents. The fifth requirement
states that “if technologies are used in a way that is not accessibility supported, or if
they are used in a non-conforming way, then they do not block the ability of users to

access the rest of the page”.

In order to future-proof WCAG 2.0 during the current times of fast technology
evolution, the WAI removed the technical aspects of accessibility from the Guidelines
and SC. Technical information regarding how to implement web content with existing
web technologies is now provided in separate documents (Cooper et al. 2010a). These
documents describe techniques that have been determined by the WCAG Working
Group to be “sufficient for meeting the success criterion” (Cooper et al. 2010a). For
each SC there can be any number of sufficient techniques for meeting the criteria;

however, if a developer can show that they have another implementation that satisfies
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the criteria, for example through user testing, they need not use one of the WAI

approved techniques.

A serious concern about the sufficient techniques is that there is little evidence to
support the claims that they are “sufficient”. In fact, a study conducted by Power et al.
(2011) with 25 visually impaired users showed that different techniques to implement
links were not as effective. The destination of links implemented with some of the
techniques was only correctly identified by fewer than 50% of the participants in the

study.

2.3 Evaluation of web accessibility

The evaluation of the accessibility of websites can be performed using many
different methods, some involving real users attempting to perform tasks others that
involve experts in accessibility reviewing websites according to principles or guidelines
or the use of automatic evaluation tools. This section presents the main aspects of
methods to evaluate web accessibility, both involving users and expert-based

evaluations.

2.3.1 Conformance evaluation

The evaluation of a web page, website or web application for its conformance to the
Web Content Accessibility Guidelines (WCAG) is one type of measure of the
accessibility of a website. Accessibility audits by means of conformance evaluation
consist of checking the features of a website as to whether they satisfy the conformance
criteria that are specified in WCAG. For web engineers who are familiar with
accessibility, this is the most common type of evaluation done due to the influence that
WCAG has had on the legal and political landscape, given by the requirements to meet

WCAG by laws in countries such as Australia, India, the Netherlands and others.

In a conformance evaluation a web accessibility expert goes through each guideline
checking the features of a website against the criteria of that guideline'. It can be
undertaken through conformance tests conducted via a combination of evaluation with
automated testing tools and manual inspections where experts compare web page

implementations against guidelines. When such an evaluation is undertaken, some of

! Checkpoints in WCAG 1.0, Success Criteria in WCAG 2.0.
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these criteria, such as the presence or absence of alternative text, can be checked with
an automatic tool. In other cases, such as criteria relating to the clarity of the contents

of the alternative text, the evaluation can only be conducted using human judgment.

Different methods exist that provide guidance to perform conformance evaluations
using both automated evaluation tools and manual inspection, such as the conformance
evaluation process defined by the WAI* and the process used for accessibility audits
applied in the Digital Media Access Group (DMAG) (2002, 2006).

In this section, the different types of tests that can be undertaken in a conformance

evaluation are presented, both automated and manual inspection

2.3.1.1 Conformance tests with automated accessibility

testing tools

Automated tools can be useful tools to help evaluators check accessibility issues
which would be otherwise very tedious for evaluators to check manually. For example,
these tools can check the validity of (X)HTML mark-up and the use of style sheets. This
can include checking features such as the correct nesting of elements in tables and
headers, and proper use of other W3C recommended technologies. This first step
helps ensure that a web page contains basic structuring elements that will enable it to
be read by assistive technologies. Tools that perform automated checking of
checkpoints can be useful in the evaluation of prototypes or initial versions of websites,
in order to detect basic accessibility problems early in the development (Petrie and
Bevan 2009).

The features available in automated tools can help checking a subset of WCAG in

a less time-consuming manner and are heavily used by practitioners (lvory 2003).

Beyond the technical tests regarding basic mark-up, those tools can check things
that can be detected automatically. They can check the presence or absence of
features, such as alternative text attributes and headings, or can check values against
known pre-defined values, such as values for colour contrast defined in a set of
guidelines. The results of all of these tests are usually presented to the user in the form
of a report that details problem areas of the web page(s) for the developer. Figure 2.1

shows an example of a report produced by the tool Hera (Benavidez et al. 2006), with a

2 Available online at http:/www.w3.org/WAl/eval/conformance.html, last accessed on 04/09/2012
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report of an evaluation with WCAG 1.0 indicating problems with checkpoints 9.5 and
10.4.

=
MNavigate by results %‘? % @ @

elav|3x|5¢|
1)1 |ERE 4| Priority 3:

3 checkpoints with errors

¥ Checkpoint 9.5 - Result: wrong ‘

Provide kevboard shortcuts to important links (including thoge in client-side image mapg), form contrals, and
groups of form controls. [Priority 3]

# Keyboard shortcuts; Mo keyboard shartouts provided, @ 8] P

# Checkpoint 10.4 - Result: wrong

Until uzer agents handle empty controls correctly, include default, place-halding characters in edit boxes and
text areas. [Priority 2]

¥ Empty form controls: There are 1 empty farm contrals without default characters, @ £

=

Figure 2.1— Example of report produced by automatic accessibility evaluation tool Hera
(Benavidez et al. 2006)

Since the publication of WCAG 1.0 (Chisholm et al. 1999), a number of automatic
evaluation tools have been developed to perform tests to check the conformance with
the guidelines (Abascal et al. 2004).

One of the most widely used accessibility evaluation tools was Bobby, developed by
CAST, then bought by Watchfire and now owned by IBM as the “Rational Policy Tester
Accessibility Edition”. Other tools include Wave*, Hera (Benavidez et al. 2006), Imergo
(Mohamad et al. 2004) and many others. However, although WCAG 2.0 was published
in 2008, until the moment when this thesis was written, few automatic evaluation tools

based on WCAG 2.0 had been made available. The only tools released as stable

3 Available at http://www-01.ibm.com/software/awdtools/tester/policy/accessibility/index.html

4 Available at http://wave.webaim.org, last access on 04/09/2012
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products available to evaluate with WCAG 2.0 at the time were Total Validator?,

eXaminator®, A-Checker’.

However, in context of an evaluation, it is important to highlight that automated
evaluation tools are very limited in their capabilities. Although they may help to identify
problems that otherwise would very tedious to test, there is only a small number of
WCAG guidelines that can be tested automatically. For example, the Unified Web
Evaluation Methodology (UWEM) (Web Accessibility Benchmarking Cluster 2007)
defines a set of methods and accessibility test cases. From a list of 108 test cases
listed at UWEM for the WCAG 1.0 checkpoints, only 26 of the tests (less than 20%) can
be checked with an automatic tool. Although many of these automatable tests may help
considerably to reduce time and effort spent in evaluation, it is clear that, even for
evaluation based on checkpoints review, relying exclusively on automated tools covers
only a very limited number of problems users may encounter. As an example, consider
the use of text alternatives for images. Although it is possible for an automatic tool to
identify whether an image element has an alt attribute, the tool cannot identify if the text

contained within that attribute describes the image appropriately.

Understanding the outcomes of an automated accessibility evaluation tool is also
frequently a burden to evaluators and developers (Choi et al. 2006). Even experienced
evaluators very often face problems in comprehending what the error messages mean.
Although the so called “warning messages” may help find potential errors in a manual
checking, these messages are many times vague and obscure, and end up not clearly

showing a good clue where the problem may be, or more importantly, how to repair it.

Finally, there is a question of validity of automatic evaluation tools. The
implementation of the checking algorithms varies substantially between different tools,
and validation tests for the tools are often not available. This can lead to inaccuracies
in checks, such as those found by a study performed by Brajnik (2004), where he

identifies reporting errors in various tools.

The relative readiness with which accessibility evaluation results can be obtained
with automatic evaluation tools has motivated the use of such tools in a number of
research studies of the accessibility of websites. There have been a number of studies

in several areas, such as the evaluation of governmental, (Al-Khalifa 2012, Goette et al.

5 Available at http://www.totalvalidator.com/, last access on 04/09/2012

6 Available at http://examinator.ws/, last access on 04/09/2012

7 Available at http://achecker.ca, last access on 04/09/2012
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2006, Lazar et al. 2010, Evans-Cowley 2005, Paris 2006, Potter 2002, Yuquan 2007)
education websites (Espadinha et al. 2011, Hackett and Parmanto 2005, Kane et al.
2007, Kelly 2002), and other cross-section studies (Hackett et al. 2005, Lopes and
Carrigco 2010, Loiacono and McCoy 2004, Lopes et al. 2010). Many of these studies
have pointed out that the lack of accessibility in websites is a serious problem in many
sectors. However, the studies cannot identify all problems present in the websites, as

tests that cannot be performed by automatic evaluation tools are not included.

2.3.1.2 Conformance evaluations with manual inspection by

accessibility experts

Along with tests with automatic tools, accessibility audits based on manual
inspection methods by expert evaluators play an important role in the evaluation
process of web applications. The use of inspection methods is important to help finding
barriers in web resources that cannot be checked automatically. Although they cannot
uncover all the problems that users may encounter, these tests are good to find

problems early in development.

Manual inspections of accessibility may be performed with the help of other tools to
help perform specific tests, such as checking colour contrast, simulating the
visualisation of a web page in specific conditions (different colour background, font size,
with and without javascript, for example). Manual audits should also involve tests with
specific assistive technologies used by people with different disabilities, such as screen

readers, screen magnifiers, and using the interface with keyboard only.

Besides the specific automatic evaluation tools to evaluate accessibility guidelines,
a number of supporting tools can be used to support evaluators to perform manual
accessibility audits of websites. The tools include multi-purpose toolbars that help
perform several different tests and are used in internet browsers, such as the Firefox
Web Developer Toolbar® and the Web Accessibility Tool Bar’ for Internet Explorer and

Opera, developed in a partnership between Vision Australia'®, The Paciello Group' and

8 Available at https://addons.mozilla.org/en-US/firefox/addon/web-developer/
? Available at http://www.visionaustralia.org.au/ais/toolbar/
10 Available at http://www.visionaustralia.org/

! Available at http://www.paciellogroup.com/
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the Web Accessibility Tools Consortium'. These tools provide features such as
resizing the text of web pages, showing the alternative texts of images, disabling

images, highlighting and displaying information about forms.

The ability to use and understand the set of guidelines being used in manual
inspection by evaluators are essential aspects of manual inspections. There have been
a number of studies have been that indicate many problems with WCAG 1.0 and
WCAG 2.0.In one such study, performed by Colwell and Petrie (2001), problems with
the navigation in the WCAG 1.0 documents and with the language of the guidelines
were found following a study with 12 experienced web developers, who had little
knowledge of accessibility. The presence of ambiguities and use of technical jargon in
WCAG 1.0 were also pointed out in other studies (Donnelly and Magennis 2003, Kelly
et al. 2005, Sloan et al. 2006). In a later study by Petrie et al. (2011), results from
interviews with 14 web accessibility evaluators revealed that the line between what
could be evaluated automatically and what needed to be evaluated manually was not

clear to evaluators.

The level of expertise of the evaluators has a significant impact on the results from
manual inspections, and studies have shown that there can be substantial discrepancy
in results obtained from different evaluators. A study performed by Yesilada et al.
(2009) found significant differences between expert and non-expert evaluators
performing manual inspections. In a follow-up study performed by Brajnik et al. (2010),
involving 22 expert and 27 non-expert evaluators using WCAG 2.0, it was found that the
agreement level of 80% could not be reached for 50% of the success criteria. Further
to this, Brajnik et al.’s study also found that 32% of previously known problems were
missed by non-expert evaluators. A similar study performed by Alonso et al. (2010)
with 25 non-expert novice evaluators also showed problems with the consistency in the
evaluations performed by them. The results from these studies all confirm that the
experience and understanding of the guidelines by evaluators can have a significant

impact on the outcomes of manual inspections.

2.3.2 Other expert inspection methods

Another method based on manual audits is the Barriers Walkthrough method

(Brajnik 2006), which was inspired in the use of usability heuristics to perform

12 Available at http://www.wat-c.org/
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walkthrough evaluations. The method is based on the concept of detection of barriers

for users with different types of disabilities.

The method adopts the concept of barrier as “any condition that hinders the user’s
progress towards the achievement of a goal” (Brajnik 2006). The method provides
evaluators with a list of possible barriers, which are described according to 1) the types
of users and types of disabilities that may be affected, 2) the type of assistive
technology being used, 3) the failure mode (activity or task that may be impacted by the
barrier) and 4) the consequences of the occurrence of the barrier. The list of barriers
used with the method is classified according to groups of users separated by types of

disabilities.

In two studies (Brajnik 2006, Brajnik 2008), a comparison between a conventional
checklist review and the barriers walkthrough method showed the latter to be better in
several aspects. The barriers walkthrough was shown to be more precise (problems
found are more prone to be true problems), to lead to a smaller number of reports of

false problems and to be better to identify more severe problems.

However, according to the second experiment comparing the methods (Brajnik
2008), the barriers walkthrough had low inter-rater reliability, as independent evaluators
tend to produce different results. In particular, the barriers list provides a level of
understanding to the evaluator as to what each of the barrier means, which could be
advantageous for raising knowledge of accessibility in engineering teams. However,
one shortcoming of the method is that the list of barriers used in the evaluation was not

validated with disabled users, which is a threat to the validity of the method.

2.3.3 User evaluation of web accessibility

Involving a representative set of users with disabilities in the evaluation of websites
is a crucial need to perform effective accessibility evaluations. Even though many
problems may be identified by means of inspection methods with experts, only tests
with users are able to show the accessibility of a website. Evaluation with disabled
users is considered the ultimate method for asserting the accessibility of websites
(Petrie and Bevan 2009). However, it may not always be practical to evaluate all pages
in a website with different types of users, tasks and environment conditions, especially
given the difficulty of recruiting users with specific types of disabilities. Nevertheless, it

is very important that the evaluation of crucial web pages in websites by disabled users
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be incorporated in the evaluation of websites, along with other expert-based evaluation

methods.

Performing a user evaluation involves a number of steps (Monk 1993, Stanton
2005), including user recruitment, task preparation, running the evaluation and reporting

the results.

The user recruitment task is a very important one to determine the success of a
user evaluation. It is very common in many evaluation procedures that the recruitment
process only targets users from a certain circle. It is very important that a
representative sample of the actual users of a website is selected for the user
experiment, with a wider range of experiences and different disabilities. The feedback
from observing real users experiencing an application with their own assistive
technology is fundamental for a true understanding of accessibility errors (Petrie and
Bevan 2009).

Recruiting big samples of users with a varied range of disabilities may be a difficult
task (Petrie et al. 2006). However, according to results obtained from a large study
performed by the Disability Rights Commission (2004), there is a significant overlap
between disability groups in terms of accessibility problems, which suggests that even

having some key user groups can have a very positive impact in helping find problems.

Given the difficulty of recruiting disabled users, conducting remote user evaluations
may be a viable option in some projects. A study conducted by Petrie et al. (2006)
revealed that the quantitative data obtained in remote evaluations are comparable to
those obtained in a laboratory. However, they also point out that the amount and

richness of qualitative data are not likely to be comparable.

The task preparation is another important step for the user evaluation. It is
important that a representative set of tasks be defined to cover the main aspects and
features of the evaluated website. When writing the set of tasks, it is important to make
sure that they will be understood by the target users. Tasks that take exaggeratedly

long to be performed should be avoided.

When running the evaluation, it is important that special attention be given to ethical
and practical aspects to collect important data. From the ethical point of view, it is
important that the user be given all the important explanation about the procedures
during the briefing, a proper consent form be given and a debriefing be performed by
the end of the procedures. Regarding the procedures, a good testing protocol should
be used to capture the important problems to be identified in the evaluation (Ericsson

and Simon 1993). The use of the “thinking aloud” protocol is a good instrument to help



21

know what the users are thinking whilst performing a task. Recording the magnitude of

each problem may also be very helpful for the analysis.

After the evaluation is concluded, the summarisation of results is an important
stage, which aims to provide a list of problems and their impacts from the users’

perspective.

The following section presents a review of studies in the literature that report on
evaluations performed by disabled users, describing current knowledge in the literature
about the problems disabled people have on the Web. The section also presents
studies that compared evaluation of websites by disabled users with technical web

accessibility guidelines.

2.4 Research studies with evaluation of websites with

disabled users

Despite the importance of having websites evaluated by disabled users, there are
far fewer studies in the literature with user evaluations than technical evaluations of
conformance to guidelines. This section presents some of the main studies involving
evaluation of websites by disabled users encountered in the literature, presenting their

main findings and methodological approaches.

The largest study with evaluation of websites by disabled users found in the
literature was performed for the Disability Rights Commission (DRC) of Great Britain, in
2004 (Disability Rights Commission 2004). In this study, a panel of 50 participants with
different disabilities evaluated a set of 100 websites. The user panel included
participants with visual impairments (both totally blind and partially sighted), hearing
impairments, motor impairments and specific learning difficulties, such as dyslexia. The
study involved both laboratory tests and tests performed remotely by users. One of the
main findings from the DRC study was that around 45% of the problems encountered
by disabled users were not covered by the WCAG 1.0 guidelines. A more detailed

discussion of the DRC study is presented in Section 2.4.3.

Most studies found in the literature focus on a single user group when performing
evaluations of websites. By far, blind users have been the user group that has received
the most attention in comparison to other user groups. Following, an analysis on web
accessibility studies involving users with print disabilities is presented. Section 2.4.1

presents studies with visually-impaired users, Section 2.4.2 discusses studies with



22

dyslexic users, and Section 2.5 presents studies that compared results from evaluation

of websites by disabled users with technical web accessibility guidelines.

2.4.1 Web accessibility studies involving visually-impaired

users

Studies have performed evaluations of websites by disabled users in order to define

their own sets of accessibility guidelines.

The first large study involving evaluation of websites by disabled users encountered
in the literature was performed by (Coyne and Nielsen 2001). Coyne and Nielsen
derived a set of guidelines from a series of studies that involved 104 users, being 84
disabled users and 20 controls. The first part of the study was a qualitative study with
44 users (31 in the United States and 13 in Japan) that aimed to identify problems
encountered by users on websites. The first study involved 35 visually impaired users
and 9 users with motor impairments, evaluating 10 US websites and six Japanese

websites.

The second part of the study performed by Coyne and Nielsen (2001) was a
quantitative study that aimed to compare the performance of disabled users when
compared to mainstream users. This second study included 20 blind users, 20 partially
sighted users and a control group with 20 sighted users. Users had to perform four
simple tasks (three on specific websites and a task using a search engine of their
choice). The study analysed the success rate, time on task, number of errors and
subjective rating. It was found that blind users could only succeed at 12.5% of the
tasks, while partially sighted users succeeded at 21.4% and the control group at 78.2%
of the tasks. The average time on task was 16min 46s for blind users, 15min 26s for
partially sighted users and 7min14s for the control group. Partially sighted users had
the highest average number or errors, with 4.5, followed by blind users with 2.0 and 0.6
from the control group. Blind users had a mean subjective rating 2.5 (in a 1-7 scale),
while partially sighted users had 2.9 and the control group 4.6. This early study in 2001
showed that visually impaired users were very disadvantaged in comparison to sighted

users.

Based on the two studies, Coyne and Nielsen (2001) derived a set of 75 design
guidelines. The guidelines were grouped into the following groups: 1) graphics and
multimedia, 2) pop-up windows, rollover text, new windows, and cascading menus, 3)

links and buttons, 4) page organisation, 5) intervening pages, 6) forms and fields, 7)
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presenting text, 8) search, 9) shopping, 10) tables and frames and 11) trust, strategy
and company name. The guidelines provide very good supporting evidence from the
users’ perspective on the types of problems encountered by users. However, they lack
more detailed information regarding the frequency and severity of the problems

encountered.

Theofanos and Redish (2003) performed an exploratory study with 16 blind
participants using US government websites, using a think aloud protocol in a laboratory
environment. Their study derived 32 guidelines from 16 facts observed in their study.
Their findings supported design practices such as the use of a “skip to content” link in
the beginning of the web page, but also showed that not all users will make use of it.
The study grouped the findings based on observations about how users use their
screen reader, how they navigate through websites and how they fill out forms.
Theofanos and Redish’s study is one of the earliest studies that provide website design
recommendations for blind users based on an empirical study. However, the study
does not make any comparisons between the data from their studies and their coverage

by other sets of guidelines, such as WCAG 1.0.

Leporini and Paterno (2004) also proposed another set of 15 design
recommendations for websites regarding blind users. The guidelines included issues
such as not having too many links and frames, helping a user to identify a section in a
page, identifying the importance level of different elements, questions related to the

design of forms, among others.

A follow-up study was then conducted (Leporini and Paternd 2008) in order to test if
the use of Leporini and Paternd’s guidelines would improve blind users’ performance
when attempting tasks at websites. Two tests were performed with two different
websites in each test, and two different groups of users. For each website, two
versions were created, one that followed the proposed guidelines and one that did not.
The first test was performed by 20 participants (10 blind and 10 partially sighted), and
the second by 14 participants (14 blind and 6 partially sighted). The evaluations were
performed remotely, using a tool to log users’ actions and questionnaires to collect
more information from the participants. The authors found that in both tests, the time to
complete tasks was smaller in the website that followed their guidelines. Although the
study presents some comments from participants about the usefulness of some of the
guidelines, it is not possible to have specific information about the effectiveness of each
guideline individually. A more detailed study with users in a laboratory setting could
enable a more detailed analysis of the problems encountered in both websites, and how

users interact with different components of websites in both cases.
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Leuthold et al. (2008) proposed another set of guidelines to develop textual
interfaces for blind users. They have a rather drastic approach to developing interfaces
for blind users. They believe that the problems blind users have with interfaces are due
to the use of graphical user interfaces (GUI) themselves. The authors in this paper
propose a set of 9 guidelines to design separate enhanced textual interfaced tailored
specifically to blind users. These guidelines tested in a study, consisting of an
evaluation of 3 versions of a website: a) the original version, non-conformant to any
guidelines, b) one textual version following their guidelines, c) and another version
compliant to WCAG 1.0. The three versions were tested in an experiment by 39 blind
users in a laboratory setting. No significant differences were found between the time to
complete tasks, number of errors and user satisfaction between the original version of
the website and the version that complied with WCAG 1.0. However, the authors found
a significant difference in the time on task, number of errors and user satisfaction for
search tasks between the original version and the textual version that complied to their

guidelines.

The guidelines proposed by Leuthold et al. (2008) may be very useful for the design
of websites for blind users. However, their proposal of building entirely separate
websites for blind users may have some practical problems. In fact, Theofanos and
Redish (2003) found in their study that many blind users encountered problems with
websites with separate textual interfaces, as many companies who have designed a
separate textual version of a website were not updated as frequently as the main
graphical version. Nevertheless, the results encountered by Leuthold et al. (2008)
suggest that offering effective personalisation features for blind users in websites can

have positive effects in their interaction.

Mankoff et al. (2005) conducted a study comparing results of evaluations with blind
users in a laboratory with the results of evaluations with automated evaluation tools,
expert evaluations with and without screen readers, and remote usability evaluations by
blind users. The baseline study consisted of the evaluation of 4 websites, with one task
per website, by 5 blind users in a laboratory setting using the think aloud protocol.
Participants in the laboratory study encountered 29 unique website problems in total.
Following the baseline study, they performed another study with four different
conditions. The same websites and tasks were evaluated by an automated evaluation
tool, by web designers using WCAG 1.0 as reference (with and without the aid of a
screen reader) and by a different group of blind users that performed the evaluation
remotely. The web designers that took part in the study had little or no experience with

accessibility, and they were divided randomly in the two groups (with and without
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screen reader). The panel of blind participants in the remote evaluation consisted of 9
experienced screen reader users. The results of the study showed that web designers
using a screen reader were the group that found most of the problems previously
identified in the baseline laboratory study. The authors report in the paper that they
expected the remote evaluation to fare better than the other methods. However, they
point out that there might have been some bias due to the different levels of expertise of

blind users in the different conditions (laboratory and remote study).

In a very brief remark, Mankoff et al. (2005) also commented that there was no
correlation between the severity levels assigned to problems by blind users in the
laboratory study and the priority levels of related WCAG 1.0 checkpoints. This was an
early finding about the problems with the priority levels that were later examined in more
detail by other studies (Harrison and Petrie 2007, Petrie and Kheir 2007), in which it
was confirmed that there were not strong correlations between the severity ratings of

user problems and the priority levels of related WCAG 1.0 checkpoints.

Watanabe (2007) conducted a study on the impact of the use of headings on the
navigation of websites by blind users. The study consisted of performing four tasks on
two different versions of a website, being one version with headings properly marked up
with HTML elements, and the other with headings just identified visually via CSS. Many
blind users use special keyboard shortcuts to jump from heading to heading to have an
overview of the structure of a web page, and this is only possible if the headings are
properly marked-up. Watanabe’s study involved 16 sighted and 4 blind participants. In
order to counterbalance the order effect, half of the participants started with the marked-
up version first, and half with the version without headings mark-up. The results
showed that using proper heading mark-up reduced the disadvantage in the time taken
to complete some of the tasks performed in the study when comparing blind and

sighted users.

Babu and Singh (2009) performed a study with 6 blind users attempting to perform
one task using a web-based learning environment, whilst “thinking aloud” as they
performed their tasks. The authors coded each verbalisation from the users into single
individual segments, which were then classified according to the stage they were in the
task, following the Seven-Stages of Action model proposed by Norman (1988). The two
main findings reported in Babu and Singh’s study were problems related to the
uncertainty about arriving on a new page and the susceptibility of skipping a question in
the online assessment tool. The coding scheme based on the Seven-Stages of Action
model was a very interesting approach used by the authors, particularly as the aim of

the study was to understand the nature of the problems encountered by the user.
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Unfortunately, the study was performed on a very small scale, and only two main

problems were reported in the findings of the study.

Besides task-based evaluations with users, other studies have also performed
surveys with disabled users to investigate what are the main problems that they
encounter on websites. The first of these studies was performed by Lazar et al. (2007),
in a survey with 100 blind users about what are the things that frustrate them the most
when using websites. In this study, a time diary was used to record frustrating
experiences that participants had when using websites at home. Every time they
experienced frustration, they would fill out a questionnaire reporting on their experience.
The study contained reports of 308 instances of frustration experiences. The top five
causes of frustration reported in the study were: “a) page layout causing confusing
screen reader feedback; b) conflict between the screen reader and application; b)
poorly designed/unlabeled form; d) no alt text for pictures; and e) a three-way tie
between misleading links, inaccessible PDF, and a screen reader crash”. Although the
study collected information about the frustration experiences right after they happened,
the time diaries cannot provide detailed information about the context in which the

frustrating experiences took place in order to analyse it in detail.

The Web Accessibility In Mind initiative (WebAIM) conducted three online surveys
with screen reader users (Web Accessibility in Mind 2009b, Web Accessibility in Mind
2009a, Web Accessibility in Mind 2011) to investigate their preferences and more
information about their usage of screen readers. The first survey (Web Accessibility in
Mind 2009b) had 1009 respondents, the second (Web Accessibility in Mind 2009a) 586
and the third (Web Accessibility in Mind 2011) 1107 participants. In all three studies,
the results pointed that the most popular screen reader with blind users was Jaws. In
the second study (Web Accessibility in Mind 2009a), respondents were also asked to
point out what were the main accessibility problems they encounter in websites. The
top five problems reported by the respondents in this study were: lack of "skip to main
content" or "skip navigation" links (31.3% of participants), images with missing or
improper descriptions (alt text) (15.9%), too many links or navigation items (9.6%),
complex or difficult forms (7.1%) and missing or improper headings (6.6%). This
showed the importance blind users place on problems related to navigation, description

of images, difficult-to-use forms and proper use of headings.

Ruth-Janeck (2011a, 2011b) conducted an online survey with disabled users to
investigate the main problems they encounter when using Web 2.0 applications,
including media-rich applications and applications where users can collaborate with

content, such as wiki systems. The study included 133 participants who were partially
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sighted, 124 blind, 96 with hearing impairments, 260 deaf, 75 with motor impairments
and 89 with dyslexia. The problems were classified into four types of barriers: technical
barriers, editorial and content-related barriers, designer barriers and organisational
barriers. Technical barriers included issues such as having captchas, problems with
error messages and forms in PDF. Editorial and content-related barriers included
issues such as orientation and unclear arrangement of the page, bad descriptions of
media content and bad names of links. Designer barriers included issues such as size
of buttons and interactive elements and arrangement of links. Organisation barriers

included issues such as problems with language support and quality of content.

The study conducted by Ruth-Janeck was performed with a very large number of
users. A number of commonly encountered problems was reported in the study as well.
However, many problem types have an unclear description. This could stem from the
fact that the study was performed via a survey, and that there were no recordings of
how users performed their tasks when they encounter such problems so they could be
examined in more detail. Besides this, the explanation to the categorisation scheme
adopted is not clear. The boundary between the different categories is unclear, and no
evidence is given of the theoretical background that supports the categorisation
scheme. A follow-up study was performed based on this investigation (Ruth-Janneck
2011b), with the comparison of the problems reported by the participants and the
coverage of the problems by WCAG. This study pointed that most problems were
covered by the guidelines. However, the findings could be questioned by

methodological issues in the study design.

2.4.2 Web accessibility studies involving dyslexic users

In a recent literature survey of web accessibility and dyslexia, McCarthy &
Swierenga (2010) reported that there is little work in the literature regarding the study of
the accessibility of web sites for dyslexic users. The majority of the literature on
dyslexia and web accessibility is related to guidelines to produce accessible web

content to dyslexic users, derived from general guidelines for dyslexia.

A number of sets of guidelines have been produced to help developers produce
more accessible web content for dyslexic users (Bradford 2005, British Dyslexia
Association 2011, Kolatch 2000, Zarach 2002), as reported in a review undertaken by
McCarthy & Swierenga (2010). Friedman and Bryen (2007) also conducted a review of

20 sets of guidelines from research studies and websites maintained by professionals
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and advocacy organisations connected to dyslexia and other cognitive disabilities, and
compiled the guidelines most cited by these sources; most guidelines had to do with
other cognitive disabilities, but some were applicable to dyslexia. Evett and Brown
(2005) also performed an analysis comparing guidelines for producing accessible
content for dyslexic and blind users, and reported to have found a high degree of

overlap between guidelines for these two user groups.

With respect to empirical studies with dyslexic participants using websites, the
largest study to date reported in the literature was conducted by the Disability Rights
Commission of Great Britain in 2004 (Disability Rights Commission 2004). The study
involved tests on 100 websites, performed by a panel of 50 participants, which included
participants with dyslexia, visual, hearing and physical disabilities. Out of the 50
participants, 12 had dyslexia (Petrie et al. 2004). The study resulted in a total of 585
accessibility problems. In particular, the study found that the most recurring problems
encountered by dyslexic users were: confusing page layout, unclear navigation, poor

colour selections, graphics and text too small and complicated language.

Al-Wabil et al. (2006, 2007) conducted a study investigating navigation issues faced
by dyslexic users. Their study comprised interviews with 10 participants with dyslexia.
The participants were shown examples of web pages and asked to discuss about their
experiences with navigation elements in web sites. Results pointed to how dyslexic
users use search features, breadcrumb trails and other navigation resources. Although
the study provided good insight from users’ opinions, there was no empirical evidence

from participants using real websites.

Rello et al. (2012) performed a study investigating layout preferences of dyslexic
users using eye-tracking. The study involved 22 users and investigated eight aspects
of text presentation: brightness levels in grey scale in writing, brightness levels in grey
scale in background colours, colour contrast combinations, font size, character spacing,
line spacing, paragraph spacing and column width. The study found that the influence
of brightness in use of grey did not change how helpful users found the use of the
colours. The preferred colour combinations from users were (background/foreground):
yellow/black, white/blue, cream/black, white/black, yellow/blue and light mucky
green/dark brown. The study also showed that most dyslexic users preferred larger font
sizes than 12 or 14 pts. The study found that users preferred standard spacing
between characters and larger spacing between paragraphs than between lines in
paragraphs. Users also reported to prefer lines not to be long (60 to 70 characters) and

to avoid narrow columns. Rello et al.’s study provides very interesting contributions
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based on empirical evidence with dyslexic users. However, the study was limited to

layout-related issues and did not involve a complete task-based evaluation of websites.

Finally, Santana et al. (2012) performed a survey of common guidelines and
techniques for dyslexic users encountered in the literature. They grouped the
guidelines and techniques into nine groups: navigation, colours, text presentation,
writing, layout, images and charts, end user customisation, mark-up and videos and

audios.

2.4.3 The 2004 Disability Rights Commission Formal

Investigation

The Disability Rights Commission (DRC) of Great Britain commissioned the first
large-scale study that provided empirical data about the relationship between problems
encountered by disabled users and technical web accessibility guidelines' in 2004
(2004). The result of this investigation was the largest known accessibility evaluation to
date, with 1000 websites being evaluated with the accessibility module of WebXM™
developed by Watchfire' (IBM 2011) and 100 websites being chosen for expert and
user evaluations. On the automated tests in the referred study, only 19% of the 1000

websites did not display any automatically identifiable violations of WCAG at Level A.

For the user evaluations, 913 tasks were undertaken over the 100 websites chosen,
with participants being selected from a wide variety of people with disabilities. The user

panel for the DRC study comprised of 50 users distributed in the following groups:
¢ blind people who use screen readers with synthetic speech or Braille output
e partially sighted people who may use screen magnification
e people who are profoundly deaf and hard of hearing
e people with specific learning difficulties such as dyslexia

e physically impaired people whose use of the Web may be affected by their
lack of control of arms and hands, by tremor and by lack of dexterity in

hands and fingers.

' The Disability Rights Commission of Great Britain is not extinct, and at the moment when this thesis was written, it

had been aggregated to the Equality and Human Rights Commission.

' This tool was acquired by IBM and is now part of the IBM Rational Policy Tester Accessibility Edition
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Each participant in the User Panel was asked to evaluate 10 websites, with two
tasks per website. The study involved both tests in a usability laboratory and tests
performed remotely. The tasks were distributed with 22% of the 913 tasks being
performed in a usability laboratory, and 78% being performed remotely at home, with

participants using their own equipment and software.

Regarding the completion of the tasks by the participants, the DRC study found a
significant difference between different user groups. The users with the least
percentage of task completion were blind users, who were only able to complete 53% of
the tasks, followed by partially sighted users, who were able to complete 76%; dyslexic
users completed 83% of the tasks, and physically and hearing impaired users, 85% of

the tasks.

The difference between user groups in this study was also noted in the ratings of
difficulty of the tasks. Each user was asked to rate how difficult he/she found each task,
independent of whether the task was completed or not. The ratings were given in a
scale of 1 = very difficult to 7 = very easy. Blind users were the ones who found the
tasks “least easy” among the groups. The mean ease of task rating of blind users was
4.2, whilst partially sighted users had a mean rating of 5.1, followed by 5.6 by dyslexic

users, 5.8 by hard of hearing impaired users, and 6.8 by motor impaired users.

A total of 585 accessibility and usability problems were identified in the DRC study,
either by participants themselves in the remote evaluations, or by usability experts
analysing video footage of laboratory tests. The main problems encountered by each

user group in the DRC study are listed in the following paragraphs.

One of the important features of the results of this study is that categories of
problems occur in more than one user group. The following is a list of problems

encountered with their associated user groups:
- Confusing and disorienting navigation mechanisms (all groups)
- Unclear and confusing layouts of pages (all groups except blind users)

- Inappropriate use of colours and poor contrast between content and background

(all groups except blind users)

- Graphics and text size too small (all groups except blind users)
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There were a few problem categories that were unique to user groups:
- Blind users:
o Incompatibility with screen reading assistive technology
o Incorrect or non-existent labelling of links, form elements and frames
o Cluttered and complex page structures
o ALT tags on images non-existent or unhelpful
- Partially Sighted Users
o Incompatibility with screen magnification software
- Deaf and hard of hearing users
o Lack of alternatives for sound based media
- Dyslexic users
o Complicated language or terminology

Given the types of problems encountered by different user groups, if it is not possible to
have a panel with users with different types of disabilities, including users from some
users groups will potentially cover many problems that are shared by other groups as
well. It should be noted, however, the importance of including blind users in the
evaluation of accessibility, as this user group has the majority of problems that are

particular to them.

2.5 Studies on the relationship between evaluation of
websites by disabled users and technical web accessibility

guidelines

There is little investigation on the relationship between existing web accessibility
guidelines, particularly the mostly widely used guidelines from the W3C, and results
from evaluation of websites by disabled users. The small-scale studies performed by
Leuthold et al. (2008), Leporini and Paternd (2008) and Theofanos and Redish (2003)
derived their own sets of accessibility guidelines based on usability studies with blind
users. However, those studies did not present any comparison between the results
from user evaluation of websites and the existing guidelines proposed by the W3C'’s
WAL
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Other studies provided empirical evidence on the relationship between the WAI’s
web accessibility guidelines and the evaluation of websites by disabled users. These
studies included analyses on whether the problems encountered by disabled users had
related guidelines in WCAG and whether there was or not any relationship between the
problems’ severity levels assigned by users and the priority level of related guidelines.
These studies provided very interesting insights, and also raised important research
questions that helped motivate the work reported in this thesis. Following, the main

contributions and limitations of these related studies are described in details.

2.5.1 DRC

Concerning the relationship between WCAG 1.0 and the problems experienced by
the users, the DRC study (Disability Rights Commission 2004 ) found that only 55% of
the problems were related to a checkpoint in WCAG 1.0. The study points out that 45%
of the problems could be present in any WCAG 1.0 conformant website, irrespective of

conformance level.

The study also found that, from the 55% of problems that were related to a
checkpoint in WCAG 1.0, 82% of them were related to a set of only 8 of the 65
checkpoints in WCAG 1.0. However, only 3 of those checkpoints were assigned priority
1in WCAG 1.0. The problems related to the other 5 checkpoints accounted for 63% of
user problems related to a WCAG 1.0 checkpoint, but they could potentially be present
in any website conformant to WCAG 1.0 just at level A, since they had priority levels 2

or 3.

In a response by the WAI to the claims in the DRC study (Brewer 2004), the WAI
argued that many of the problems told to be not covered by the WCAG 1.0 would be
covered by the User Agent Accessibility Guidelines 1.0 (UUAG). More detailed
information about the circumstances when the problems occurred would have allowed
for more clarification about whether the problems were related to issues related to the

implementation of the websites or with the assistive technology being used.

Another point argued by the WAI’s response was the lack of a representative
number of WCAG 1.0 conformant websites in the sample. More detailed analyses
could be performed in an evaluation of websites with more variability in the levels of
conformance to WCAG guidelines, as well as variability in the number of different

checkpoints violated and instances of violations.
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It is important that in light of these criticisms that in order to detail the nature of

problems encountered by disabled users the studies in this thesis must:

- perform evaluations with disabled users in laboratory with recordings of the
sessions, in order to enable more detailed analyses of the types of problems

encountered;

- archive pages visited by users during the evaluations, in order to allow
analysis of the source code of web pages where problems were

encountered by users to determine the technical causes of problems;

- have more variability in the sample of websites evaluated in terms of
conformance to WCAG, and numbers of different checkpoints violated and

instances of violations.

The conformance analyses performed in the DRC study also provided other
important findings that were used in the method of the present work. Audits of the
websites revealed a very high correlation (r > 0.9) between the number of violations of
WCAG 1.0 checkpoints in the home pages of websites and the number of violations in
inner pages of websites (Petrie, H. Personal communication, 26/09/2012)"*. This was
applicable both for the measures of how many instances of violations of checkpoints
occurred in web pages, and the number of different checkpoints violated. This finding
was important to support the method to sample websites to be used in the present

study, based on the audit of the home pages of websites.

2.5.2 Study on severity ratings by Harrison and Petrie

Harrison and Petrie (2007) conducted a study to analyse the correlation between
the severity ratings assigned by users and usability experts, and the priority levels
assigned to related guidelines. The study comprised the evaluation of 6 websites,
being 3 commercial and 3 governmental websites. The websites were evaluated by 6
participants, being 2 visually impaired, 2 dyslexic and 2 non-disabled users as controls.

Each participant attempted 2 tasks on each website.

15 This information was obtained from Prof. Helen Petrie, based on the results in detailed reports from the DRC study
that contained further information not published in the main report of the study in - Disability Rights Commission
(2004) The Web: access and inclusion for disabled people: A formal Investigation conducted by the Disability
Rights Commission, London: The Stationery Office.
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The study yielded a total of 71 problems experienced by the users. Each time a
problem was encountered, the user was asked to rate the problem in a scale ranging
from cosmetic, minor, major or catastrophic. A usability/accessibility expert later rated

the same problems independently.

The study found that there was a significant correlation between the severity rating
assigned by users and the severity rating assigned by the usability/accessibility expert,
with agreement in 69% of occasions. It was also found, though, that in average, users

tended to rate problems less severely than experts.

It was also found in this study that only 22 of the 71 problems experienced by users
were related to a WCAG 1.0 checkpoint. No correlation was found between the priority
levels of related checkpoints in WCAG 1.0 and the severity rated assigned by either the
experts or the users. For example, users identified 6 accessibility problems rated as
catastrophic problems, of which 4 were related to priority 2 checkpoints, and 2 were
related to priority 3 checkpoints. It would be expected that problems that are rated so

severely by users would be assigned the highest priority in the accessibility guidelines.

The study performed by Harrison and Petrie provided some important insight into
the research question regarding the relationship between technical web accessibility
guidelines and evaluation by disabled users. It raised the issue that the priority levels in
the guidelines, a cornerstone in the development of policy and prioritisation of
guidelines, does not have any correlation with the severity ratings assigned by users or

accessibility experts.

As the authors point out in their paper, larger studies with a wider variety of
websites and users would be necessary to confirm the findings and to perform more
detailed analysis on the priority levels and severity ratings from users and accessibility

experts.

2.5.3 The relationship between usability and accessibility of

websites by Petrie and Kheir

A study conducted by Petrie and Kheir (2007) investigated the relationship between
usability and accessibility of websites by conducting usability and accessibility
evaluations of websites by disabled and non-disabled users. The study also presented
interesting findings about the relationship between severity ratings of problems
encountered by disabled and non-disabled users and the priority levels assigned by

usability and accessibility guidelines.
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Petrie and Kheir’'s study consisted of an evaluation of the websites of two mobile
phone companies. The study included a panel of 6 blind participants and 6 sighted
participants. Participants were matched as far as possible on age, gender and general
computer and Internet experience and expertise. The websites evaluated were Orange
(www.orange.co.uk) and T-Mobile (www.tmobile.co.uk) in 2006, with 7 equivalent tasks

being attempted by each participant on each website.

For the Orange website, their study yielded 168 instances of problems encountered
by blind users, and 90 problems encountered by sighted users. Besides encountering
more problems than sighted users, blind users also had a significantly lower success
rate in completing their tasks (50.7% for blind users versus 70.2% for sighted users).
For the T-Mobile website, blind participants encountered a total of 120 instances of
problems, whilst sighted participants encountered 102 instances of problems. On the T-
Mobile website, there was also a significant difference in the success rate on tasks, with

66% of tasks completed by blind participants, versus 83% completed by sighted users.

An analysis on the severity ratings of the problems encountered in the two websites
was also performed in their study, comparing the severity ratings assigned by
participants to those assigned by researchers and by accessibility and usability
guidelines. The study included comparisons with the WCAG 1.0 priority levels and the
importance level assigned by the Research-based Web design and usability guidelines
from the Department of Health and Human Services (HHS) (Koyani et al. 2004). When
a problem was found by more than one participant, the mean severity rating was taken
as a measure of the participants’ rating. In a similar manner, when a problem had more
than one relevant guideline associated with it, the mean priority level/importance level of
the guidelines related to a problem was taken as the measure for each of the two sets
of guidelines (WCAG and HHS). A researcher also independently assigned a severity

level to each problem encountered, without access to the participants’ ratings.

Their study found that there was a small correlation between the severity ratings
assigned by participants and the ratings assigned by researchers. They found a
significant correlation between the severity ratings assigned by blind participants and
the importance level assigned by the HHS guidelines on both websites, but the
correlations were in the opposite directions to the predicted, which means that
participants tended to give higher ratings for problems with lower ratings on the HHS
guidelines, and vice-versa (Petrie and Kheir 2007). Regarding the WCAG guidelines,
the study did not find any significant correlation between ratings from blind participants
and the priority levels in either of the websites tested. These findings pointed out to

very worrying concerns about how valid the priority and importance levels in guidelines
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are valid, and show that considerably more work needs to be done to establish valid

priority levels based on how problems impact users.

The main contribution of Petrie and Kheir's paper, though, was on the analysis
between the usability and accessibility of the websites, and exploring the relationship
between the two concepts. The study found that the problems encountered by sighted
and blind users were overlapping sets. On the Orange website, 66% of the problems
were encountered only by blind participants, 17% by sighted participants only, and 17%
by both blind and sighted participants. On the T-Mobile website, 57.5% of the problems
were encountered only by blind participants, 31.9% only by sighted participants, and
10.6% by both blind and sighted participants.

The analysis of the severity ratings of problems encountered on the T-Mobile
website found that there was a significant difference between the ratings from blind and
sighted participants. On this website, problems that were encountered by both groups
were rated significantly more severely by blind participants than by their sighted
counterparts. This finding suggests that evaluation with disabled users can help identify
problems that can also be found by non-disabled users, which will be “amplified”, in a

sense that they can affect disabled users more severely.

Regarding the definition of accessibility, the paper’s findings revealed that
accessibility problems were not a complete sub-set of usability problems, as suggested
by Thatcher et al (2003), and that usability problems were not a complete sub-set of

accessibility problems, as might be inferred from Shneiderman (2000, 2003).

The contributions from Petrie and Kheir's (2007) study were very significant, and
many aspects of the methodology applied in their study were used to orient the method
used in the study reported in this thesis. The conclusions about the relationship
between usability and accessibility are also very important, as they provide valuable
empirical data to provide a better understanding between the boundaries between

usability and accessibility.

2.5.4 Comparison between user evaluation and WCAG 1.0 and
WCAG 2.0 by Remen and Svanzes

Remen & Svanaes conducted two studies (Remen and Svanaes 2008, Rgmen and
Svanees 2011) in which they aimed at validating whether problems encountered by
disabled users were covered by WCAG guidelines. These studies are very closely

related to the study presented in this thesis. Following, the main findings of the two
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studies are discussed, as well as some shortcomings from the studies that were
addressed by the work reported in this thesis. The first study (Remen and Svanaes
2008) was published before the publication of the WCAG 2.0 (Caldwell et al. 2008), and
hence only investigated the coverage of user problems by WCAG 1.0. The second

study expanded on the analysis of the evaluations to include coverage by WCAG 2.0.

Both studies were based on the evaluation of 2 websites of 2 municipalities in
central Norway. Four equivalent tasks were defined for each of the two websites, most

related to basic tasks citizens would undertake in a municipality governmental website.

Their study included 7 disabled participants and 6 non-disabled participants. The
group of disabled participants included 2 totally blind, 1 severely visually-impaired, 2

motor-impaired and 2 dyslexic participants.

A total of 176 instances of problems were identified by the participants. These
problems were related to a total of 80 website problems, that may have occurred to
different participants. When comparing problems identified by each group, the study
found that 62% of the problems were encountered only by disabled users, 25% only by

non-disabled users, and 14% by both groups.

An analysis on the correlation between the severity of the problems and WCAG
priority levels was performed in the study as well. The severity ratings were assigned
based on Molich’s (2007) rating scale, ranging between cosmetic (makes it slightly
harder for user to complete task), serious (considerably slows user down) and critical
(prevents user from completing the task). It is not clear from either of the papers
describing the study whether the severity ratings were assigned by the participants or
by the researchers. However, both papers (Remen and Svanees 2008, Remen and
Svanaes 2011) mention that the severity ratings were assigned to website problems,
and not to problem instances as they were encountered by users. If ratings had been
assigned by users, they would have been assigned in each occurrence of a problem
instance. This seems to suggest that the severity ratings discussed in the papers were
assigned by the researchers a posteriori during the analysis of the sessions. The 47
problems that were only encountered by disabled users were classified into 6 critical, 18

serious and 23 cosmetic problems.

The study also tried to match each of the website problems with a WCAG 1.0
checkpoint and WCAG 2.0 success criterion that could have identified the problem in an
expert evaluation. It was found that only 27% of the problems could have been
identified by WCAG 1.0 checkpoints, and 35% by WCAG 2.0 success criteria. The
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authors also found that a combination of WCAG 1.0 and WCAG 2.0 would make for a

coverage of 38% of the website problems encountered by users.

Neither of the papers on this study reported any numerical correlation index
between the priority levels and severity ratings. However, the authors argued that they
did not find any correlation between severity ratings and priorities, by showing that, for
example, out of 6 problems rated as critical, only 1 problem had a related WCAG 1.0

checkpoint at priority 1, and only 2 at level A in WCAG 2.0.

The authors concluded their study stating that there was a slight improvement from
the coverage of problems from WCAG 1.0 to WCAG 2.0, but that the percentage of

problems covered by the guidelines was still very low.

Rgmen & Svanaes’ study provides very interesting insights, and confirms problems
with the coverage of WCAG guidelines identified in previous studies (Disability Rights
Commission 2004). It also confirms the existence of problems with the lack of
correlation between severity ratings of user problems and the priority levels assigned by
guidelines (Harrison and Petrie 2007, Petrie and Kheir 2007).

However, as it was also pointed out by the authors (Remen and Svanaes 2011), the
study still had some limitations that could not provide more details about the relationship
between problems encountered by users and WCAG guidelines. The authors
recognise that the study was performed with a small sample of users. Besides the
sample of users, the two websites evaluated were very similar, and there was not
enough variability in the technologies used in the websites and in their levels of
conformance to WCAG. Having a more varied sample of websites to be tested could
provide more detail about the coverage by the guidelines of different technology such
as multimedia content, interactive applications, different navigation structures, and
others. Furthermore, having a sample with websites at different conformance levels
with WCAG could enable analyses into whether conformance to the different levels of
WCAG can lead to any impact on the problems that disabled users experience on
websites. Regarding the method, it was a shame that the papers suggest that severity
ratings were not obtained from users. It would have been very interesting to be able to
perform analyses on user severity ratings, in the line of the studies performed by
Harrison and Petrie (2007) and Petrie and Kheir (2007).
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2.5.5 Summary of studies on the relationship between
evaluation of website by disabled users and technical web

accessibility guidelines

Section 2.5 presented the main studies that compared the evaluation of websites
with users and with technical web accessibility guidelines. Most studies pointed out
problems with a number of user problems not being covered by the main accessibility
guidelines defined by WCAG 1.0 and WCAG 2.0 (Disability Rights Commission 2004,
Harrison and Petrie 2007, Petrie and Kheir 2007, Reamen and Svanaes 2008, Remen
and Svanaes 2011). They also showed problems with the lack of correlation between
the severity of problems assigned by users and the priority levels assigned to problems
by the guidelines. One study suggested that most problems were covered by WCAG
2.0 (Ruth-danneck 2011a, Ruth-Janneck 2011b). However, there are serious validity
problems with the analysis, since the study did not map user problems with WCAG 2.0
success criteria, which are the testable statements, but with broader and more vague

guidelines.

Although there is evidence showing problems with current accessibility guidelines,
the studies presented still had some limitations that prevented them from answering to
more specific research questions about the relationship between user problems and
technical web accessibility guidelines. The study presented by Ruth-Janeck (20113,
2011b) was not conducted with a task-based approach, but by asking participants about
problems they commonly have. Other studies had some limitations regarding the
samples of websites and small sample of participants (Harrison and Petrie 2007, Petrie
and Kheir 2007, Rgmen and Svanaes 2008, Remen and Svanaes 2011). The main
study in the area, conducted by the Disability Rights Commission of Great Britain
(2004), had a very large sample of users and of websites. However, there were still
some limitations with the study. One of the limitations was the lack of variability of the
conformance levels of the websites selected for the evaluation, as there were very few
websites conformant to even the lowest level of WCAG 1.0. The users in the study
performed a large amount of the tasks in the study by means of remote evaluation.
Although the evaluation provided a substantial body of quantitative data about the
problems encountered, some issues could not be identified due to the lack of more
details. For example, one of the main problems encountered by blind users was
classified as “incompatibility between screen reading software and web pages”. In a
study performed in a laboratory with video recording, it would have been possible to

examine into further detail to understand the nature of these problems.
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The study presented in this thesis built up on the previous work presented in this
section, and included new elements to overcome some of the limitations of the related

works presented.

2.6 Summary of the chapter

This chapter presented the main concepts and a review work related to web
accessibility and its evaluation. The chapter presented studies that have investigated
the accessibility of websites by involving disabled users in the evaluation, and other

studies that only performed evaluations based on technical web accessibility guidelines.

A review of related studies that performed evaluation of websites by disabled users
was performed, along with studies that compared evaluation of websites by disabled
users and technical web accessibility guidelines was also performed. This review
presented the main concerns raised by these studies in relation to the lack of empirical
evidence supporting current technical web accessibility guidelines, as well as
indications of problems with the coverage of problems encountered by users by the

guidelines. Limitations in the studies reviewed were also discussed.

The literature review presented in this chapter presents the context in which the
work presented in this thesis is inserted. The limited number of studies of the
accessibility of websites involving disabled users and the questions raised by related
studies on the relationship between user evaluation of web accessibility and technical
guidelines were important motivations for the development of the present work.
Limitations in the methodology of previous work presented in this chapter were
considered in the development of the method for the development of the work

presented in this thesis.
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Chapter 3. Method

This chapter presents a description of the methods used to conduct the study
presented in this thesis, in order to address the research questions presented in
Chapter 1. The research questions set for this study require both methods involving the
evaluation of websites by disabled users and audits of websites by accessibility experts
using technical guidelines. Methods for both of these aspects are presented in this

chapter.

3.1 Design

The main research study presented in this thesis was an empirical study conducted
with users who have different print disabilities, specifically blind, partially sighted and
dyslexic who undertook tasks on a variety of websites. The main objective of this study
was to collect a corpus of problems encountered by users with print disabilities that
could be analysed regarding the type and frequency of problems, compared between
user groups and examined in terms of how the problems are addressed by existing web

accessibility guidelines.

Instead of conducting several small studies, it was decided to perform a single
larger study with the same set of websites for different user groups. This would allow
for comparisons between the groups of the characteristics of problems they encounter,

the frequency of those problems and the perceived severity to the user groups.

It would be ideal to include as wide a range of disabilities as possible, including
participants with visual, hearing, physical disabilities and specific learning difficulties,
such as dyslexia. However, due to time and resources limitations, it would not be
possible to include a representative number of participants in all those user groups.

The study included users who were totally blind, users who were partially sighted (had
some vision impairment, but who still had some vision), and users with different types of
dyslexia. Those users have different ways of interacting with websites and may
encounter different types of problems. Blind users use screen reader software that

synthesises textual content on the screen in the form of speech, and normally use only



42

a keyboard to perform data input. Partially sighted users can use a range of different
technologies and adaptations, such as screen magnification software to change the size
and/or colour scheme, or can use special settings on their operating system or web
browser to perform these changes. Some partially sighted users also use speech
synthesis to help them read content on the screen. Dyslexic users can encounter
problems related to reading/decoding text. Some users may need to change settings
related to the presentation of text, such as size, colour, spacing or alignment, or use

speech synthesis software to help them read text as well.

This study did not include non-disabled users as a control group. The main aim of
this study was not to differentiate usability problems encountered by disabled and non-
disabled users, as performed by previous studies (Petrie and Kheir 2007). The study
focused on disabled users specifically, and investigating the kinds of problems that they

encounter on websites.

The independent variable used in the study was the conformance of websites to
WCAG 1.0 and WCAG 2.0. As previous studies have demonstrated a high correlation
between the violations of accessibility guidelines in the home page and the violations of
accessibility guidelines in the other pages in a website, as reported in Section 2.5.1 in
the description of the DRC study (2004), a sample of websites was created from across
these different conformance levels as determined by a conformance audit of the home
page of the website. The websites were selected from domains such as government,
education entertainment and commerce. The websites were also selected to ensure

that they had different types of interactive components.

Although WCAG 2.0 had been published in 2008, at the time when this study design
was laid-out (in 2009), WCAG 1.0 was still in use by many organisations and in
governmental legislation. For Australian governmental websites, for example, WCAG
2.0 became mandatory only in July 2010 (Australian Government 2010), and only from
January 2010 in websites of the European Commission (European Commission 2012).
In Brazil, a new set of web accessibility guidelines that incorporated WCAG 2.0 was
only published in 2011(Brazilian Government 2011). For this reason, the analysis in
the present study still considered conformance to WCAG 1.0. This also aimed to
enable comparisons of the relationship between problems encountered by disabled
users and the two versions of the guidelines, and comparisons with previous related
studies that used WCAG 1.0, such as the DRC study (Disability Rights Commission
2004).
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A set of tasks was identified for each website for users to undertake during the
study. These tasks were naturalistic, in that they were typical things that users would

do when visiting websites in their own time.

Users undertook tasks on up to 10 different websites while being observed in a
laboratory setting. Given time that it takes to perform the tasks on websites, especially
for blind and partially sighted users, it was not possible to have the same users evaluate
all websites in the selection. Besides the issue with time, different participants were
able to evaluate a different number of websites during the time they had available. Due
to those reasons, websites were evaluated in cycles for each disability group, and the
order was reshuffled at each cycle to avoid any ordering or fatigue effects. Table 3.1

presents an example of how the order of the evaluation would be with four websites.

Table 3.1. Example of cycles of evaluation of websites by users to avoid order effect

Cycle First Second Third Website Fourth website
website Website

1 A B C D

2 C A D B

3 D C B A

4 B D A C

During the tasks users applied a concurrent “think aloud” verbal protocol (Ericsson
and Simon 1993). Following this protocol, participants were asked to verbally express
what they were thinking as they approached the tasks they were attempting to
accomplish on the websites. The participants’ comments about what they were thinking
would provide more insights about the users’ mental model of the websites and their
plans of action when trying to perform the tasks. When users encountered a problem,
they stopped and described the problem to the evaluator in their own words. They also
provided a rating of the severity of the problem in terms of how it would affect their

completion of the task. The ratings available to the users were as follows:

Cosmetic: an irritating problem that they overcome easily
2. Minor: a problem which will stop the user for a short period of time or will be

overcome relatively easily

3. Maijor: a problem which will stop the user for a long period of time or will be

difficult to overcome and continue the task
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4. Catastrophic: a problem which stops the user from continuing
These problems and their ratings were the major dependent variables collected during

the study.

Besides the description of the accessibility problems encountered by users and their
severity ratings, other variables related to the performance and satisfaction with the
websites were also analysed. The main variables to be analysed regarding the tasks

undertaken by users were:
e Problems encountered by users and their severity
o Task completion rates
o Difficulty to perform each task

Those measures provided a detailed picture of the problems print-disabled users
encountered and how they affect their usage of websites. Along with information about
problems and their severity, task completion rates, ratings of difficulty to perform tasks,
common measures used in usability studies, provide important information about how

accessibility problems affect disabled users in their tasks on websites.

The chosen means to measure the difficulty to perform each task was to ask
participants to rate it in a 5-point Likert-scale, where 1 means “very easy” and 5 means

“very difficult”.

The corpus of problems for each user group was analysed to categorise the
problems. The final categories of problems were analysed for their frequency of
occurrence and overall severity for the user groups. These problems were then
compared to WCAG 1.0 and 2.0 specifically looking at if there were specific guidelines
that addressed the problems. If guidelines were identified that addressed the problems,
then it was also investigate if the pages on which the problems were encountered

implemented any of the techniques recommended to address them.

3.2 Accessibility audit processes

The careful selection of websites for this study was fundamental to enable a good
analysis of accessibility problems experienced by users on websites. These websites
had to be from different contexts with different technologies and resources commonly
used on websites. It was also very important that the selected websites had a good

enough variability in terms of their conformance to web accessibility guidelines.
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In order to achieve this goal in the selection of websites, a careful selection process
was performed, by means of audits of the home page of hundreds of candidate
websites. The following sections describe the procedures used to perform accessibility
audits for this selection — for both WCAG 1.0 and WCAG 2.0 — and the final sample

selected for the study.

3.2.1 Automated and manual inspection tools

The automated tool selected to help the audits was the tool Hera (Benavidez et al.
2006). This tool was selected because it was available for free use online, and because
it presents useful features to highlight particular elements on a web page that should be
analysed manually for particular CPs, as well as presenting a well organised report for

the automated evaluations.

Besides Hera, other tools were also used for specific CPs. The Accessibility
Evaluation toolbar for Firefox (Pederick 2011) was used for several tests, including the
verification of text alternatives for images, highlighting tables, forms, headings and other
elements. Figure 3.1 shows a screenshot of the web developer tool bar, with an
example of a page with its headings highlighted by the tool. Pages were also tested
with the screen reader Jaws, in order to verify issues that blind users encounter. In
particular, the tests with Jaws aimed to verify the order in which screen readers would
read pages, using the “links list” to see if links made sense when listed out of context

and if pages contained headings.
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Figure 3.1 — Screenshot of Firefox web developer tool bar, with example of feature to

highlight headings
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The verification of colour contrast was performed with the aid of the tool Juicy
Studio Colour Contrast Analyser (Juicy Studio 2012). The tests for colour contrast were
performed using the algorithm to test luminosity levels and colour difference, as
described in the “Techniques For Accessibility Evaluation And Repair Tools” (Ridpath
and Chisholm 2000). Although this algorithm never became a W3C recommendation, it
was the “de facto” standard used to test colour contrast with WCAG 1.0 until the
publication of the new algorithms used in WCAG 2.0. The HTML (Hypertext Mark-up
Language) and CSS (Cascading Style Sheets) conformance verification was performed
using the W3C HTML validation service (World Wide Web Consortium 2012) and W3C

CSS validation service (Hégaret and Smeman 2012).

3.2.2 Procedure for web page audits with WCAG 1.0

This section describes the procedure for the accessibility audits of web pages using the
Web Content Accessibility Guidelines (WCAG) 1.0 (Chisholm et al. 1999).

A protocol was developed to perform the audits with WCAG 1.0 in the context of this
research based on the conformance evaluation process defined by WCAG 1.0 and
including specific procedures to test each checkpoint. The WCAG 1.0 documents do not
contain any explicit definition of a set of tests to attest conformance to the CPs. The
tests included in this protocol aimed to cover as much as possible of the requirements
described in each of the WCAG 1.0 CPs. The test procedures were drawn from
techniques described in the W3C document “Techniques For Accessibility Evaluation
And Repair Tools” (Ridpath and Chisholm 2000) and some tests developed in the
context of the BenToWeb Project (Benchmarking Tools and Methods for the Web),
(Velleman et al. 2007) part of the Web Accessibility Benchmarking Cluster of European

Projects.

For each CP, one or more tests were performed to determine whether a web page
was conformant or not, depending on the requirements described for the CP. A web
page was given a “pass” on a CP if it passed all the tests performed for that particular
CP.

During the execution of each test, the number of instances of violations of each CP
was also recorded, counted as the number of instances in which each test applied to a

specific CP failed. For most tests, the definition of an instance of a violation was

16 Available online at http://www.w3.org/WAl/eval/conformance.html, last accessed 24/09/2012



http://www.w3.org/WAI/eval/conformance.html
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applied as the number of interface components that failed to comply with a test for a
CP. In the case of CP 3.2 — “Create documents that validate to published formal
grammars”, WCAG 1.0 is not clear about how to count the number of instances of
violations. The number of instances can be counted either as each individual violation
of the HTML specification or a general fail/pass depending on whether a given page
passed a validation test. The tests for CP 3.2 defined in the BenToWeb Project"” are
defined to count the HTML validation test as a single violation. This was the definition
of the number of violations of CP 3.2 in this study, as it is the closest to the definition of
the checkpoint in WCAG 1.0.

3.2.2.1 Limitations and Inconsistencies in WCAG 1.0

checkpoints

In cases where WCAG 1.0 did not define a clear test procedure for specific
checkpoints, it was necessary to resort to other procedures commonly used in practice

and developed by other sources.

For CP 2.2 (colour contrast), the WCAG 1.0 techniques do not provide any
recommendation about the level of contrast required. The audit protocol included a test
with the commonly used luminosity and colour difference test available at the set of

tests for automatic evaluation tools (Ridpath and Chisholm 2000).

For CP 14.1 (“Use the clearest and simplest language appropriate for a site's
content”), there was no indication of how to test how easy it was to read a document. In
this case, the audit protocol used the more detailed procedure developed in the context
of the BenToWeb Project (Velleman et al. 2007), that involved several detailed checks

on issues related to the readability of texts in English.

Commonly used technologies, such as Flash and PDF are not allowed in WCAG
1.0. In order to ensure that precise comparisons between WCAG 1.0 and WCAG 2.0
could be performed, in the audit protocol with WCAG 1.0, the use of such technologies
without alternatives as recommended by WCAG 1.0 would still be counted as violations,

in keeping with the wording of the old version of WCAG 1.0.

'7 Available online at http://www.bentoweb.org , last accessed 24/09/2012
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3.2.3 Procedure for web page audits with WCAG 2.0

This section describes the procedure for the accessibility audits of web pages using
the Web Content Accessibility Guidelines (WCAG) 2.0 (Caldwell et al. 2008), adapting
the same conformance evaluation process used for WCAG 1.0 with specific

particularities from changes in the guidelines.

When this audit protocol was developed, there were still few evaluation tools
available and there still seemed to be some problems related to the understanding of
the rules for conformance in the new recommendations and how they are implemented

during accessibility audits by many evaluators (Alonso et al. 2010, Brajnik et al. 2010).

As discussed in Section 2.2, WCAG 2.0 has a different structure from that of
WCAG 1.0. The set of 61 WCAG 2.0 guidelines are organised into four principles, that
indicate that content should be perceivable, operable, understandable and robust.
Each guideline has a number of success criteria (SC), which are the statements that

actually guide the auditing process with WCAG 2.0.

Following the rules for satisfying SC in WCAG 2.0, as described in Section 2.2, the
method for audit with WCAG 2.0 in this study had the sufficient techniques as the
starting point to evaluate conformance to WCAG 2.0. For each SC, the test procedures

listed with the SC were applied as a first step in the audit.

The number of different techniques, conditions in which they are applied and logical
relationships between them make it very difficult for evaluators to understand it,
particularly as some parts of those rules are contained in separate documents. In order
to make it easier to perform the audits with WCAG 2.0, a checklist was developed

containing an overall view of all those rules in one single document.

In case a web page failed to pass the set of sufficient techniques for a given SC
defined in WCAG 2.0, it was verified if there was any evidence of implementation of
accessibility features that would satisfy the SC other than those suggested in the list of
sufficient techniques. However, in the absolute majority of cases, web pages that failed
sufficient techniques also failed to have other provisions that would meet WCAG 2.0
SCs. Exceptions for this were in cases when technologies such as PDF (Portable
Document Format) or embedded videos were used. At the time the audits were
performed, there were not any sufficient techniques for PDFs, for example (Cooper et
al. 2010b). Techniques for PDF documents were only made available in January 2012

(Web Accessibility Initiative 2012). In the particular case of audits of PDF documents, it
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was checked if the document was properly tagged and if appropriate implementations

for the requirements in the SCs were made, such as providing alternatives to images.

In the same manner as in the audits with WCAG 1.0, during the execution of tests for
each technique, the number of instances of violations of each SC was also recorded,
counted as the number of instances in which each test applied to a specific SC failed.
This was only counted for techniques that were applicable to each specific element in
the page. In the case where a given component failed one sufficient technique, but
passed another sufficient technique or set of sufficient techniques that would be enough
to pass the SC, the failures to the technique not successfully implemented would not be
counted. For example, for SC 2.4.5, suppose a website had a search feature
(technique G161), a table of contents (technique G64), but did not have a site map
(technique G63). In this example, the website would have passed SC 2.4.5, as only two
of the recommended sufficient techniques are enough to meet the SC. In this case, the

failure to provide a site map would not be counted as a violation.

3.2.3.1 Limitations and inconsistencies in WCAG 2.0

Following, the main inconsistencies and difficulties encountered with the
interpretation of techniques and their arrangement for sufficiency, and how these

inconsistencies were resolved for the audits with WCAG 2.0 performed are presented.

Following the test procedures of some techniques in WCAG 2.0 can be a problem for
evaluators when the technique does not contain all the details about when it should be
tested and how to establish whether each test passed or not. In many techniques, the
details about which elements to test and key elements for the test procedures are
contained in sections external to the techniques. In such cases, the audit protocol

aggregated all important information in one place.

One example of this problem is with technique G145 — “Ensuring that a contrast ratio
of at least 3:1 exists between text (and images of text)”. The test procedure for this
technique contains the formulae for measuring “relative luminance”, and the final
outcome of test is stated as “Check that the contrast ratio is equal to or greater than
3:1” (Cooper et al. 2010b), but did not include constraints about the text size where it is

applicable, that was in a description external to the technique.

Another very frequent problem was related to the same technique being used in very
different contexts, with different test procedures for each of them. WCAG 2.0 attempted

to give developers the opportunity to choose the degree of thoroughness in the



50

implementation of some accessibility features, depending on which conformance level
they want to achieve. For example, SC 1.4.3 (level AA) and SC 1.4.6 (level AAA) are
both concerned with the colour contrast of text or images of text. However, the

requirements for meeting 1.4.6 are tighter than the requirements for meeting 1.4.3.

The approach of having different SCs related to the same issue was also used when
exceptions were made for success criteria at lower conformance levels. SC 1.4.9 (level
AAA) states that “images of text are only used for pure decoration or where a particular
presentation of text is essential to the information being conveyed”, except for essential
images, such as logotypes. Related SC 1.4.5 (level AA), though, makes a further
exception for images that can be customisable. The problem with those two success
criteria arises from the fact that, despite having different exceptions, the techniques and
test procedures for both are exactly the same. In such cases, the restrictions that were

not in the technique were specified in the audit protocol to ensure they were addressed.

3.3 Materials

3.3.1 Websites and tasks

The home pages of a subset of 72 live websites of the 100 websites used in the
original DRC study were audited for their accessibility. Only the home page was
audited as previous studies (Disability Rights Commission 2004) have established a
very high correlation of the WCAG 1.0 conformance of the home page of a website with
the WCAG 1.0 conformance of other pages of that same website, as described in
Section 2.5.1. Based on this correlation, hereafter we refer to a website as being
conformant to a version of WCAG at a particular level if its home page reached a level

of conformance.

The audits of the homepages of the websites from the DRC study established that
only 11 out of 72 websites (about 15%) achieved level A, the minimum level of
conformance with WCAG 1.0. This sample would not be comprehensive enough to
represent the possible different levels of conformance, as it would not allow for

comparisons with the accessibility levels of websites at higher conformance levels.

A search was undertaken for websites that reached higher conformance levels. 400
websites were found through Google searches on website conformance claims. Of
these, only 45 of these websites did not fail automatic testing on their home page. Full

audits of the home revealed that only 5 of those websites were actually conformant to
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any level of WCAG. Unfortunately, of those 5 there were none that reached AAA
conformance for WCAG 1.0 or WCAG 2.0.

Further this search, websites from an implementation report of WCAG 2.0 (Web

Accessibility Initiative 2008) were included in the candidate websites sample. This

report presents websites that were considered to be conformant with WCAG 2.0 at

different levels, as supporting evidence from the working group. These websites were
audited for both WCAG 1.0 and WCAG 2.0.

The following are the 16 websites selected for the study presented with the tasks

that were used in the study. Each task is listed with the number of web page steps on

the optimal path required to complete the task are listed in parentheses.

www.lflegal.com: Law Office of Lainey Feingold is an office specialised in disability

rights with long texts and legal jargon on the page

O

O

Find the definition of “structured negotiation” (3)

Find what the pharmacy chain Rite Aid has agreed to do regarding

the use of captchas in their website (3)

Find the deadline for Staples to install tactile keypads on their point

of sale system in their US stores (3)

www.green-beast.com: Green Beast Design is a site for web designers with an

embedded blog.

O

O

Find the price charged per hour to develop a website (2)
Find a quote of the Military Audiology Association about Green Beast
2)

Find the name of the author of the introductory video about

accessibility mentioned in a blog article (3)

www.york.gov.uk: The City of York council website. This site contains complex

forms and data tables.

O

O

Find the cost of council tax for properties in band E for 2010/2011 (2)

Find if there is a Park and Ride bus service to the Designer Outlet

and what is the return fare (4)

Find what is the nearest primary school in the area of a given

postcode (6)


http://www.lflegal.com/
http://www.green-beast.com/
http://www.york.gov.uk/

52

www.nhsnss.org: The National Health Service for National Services for Scotland

provides people with online health information. This site contains PDF reports.

O

O

Find the address of the Blood Donor Centre in Inverness (3)

Find out when the NHSNSS was launched in the institutional video
(3)

Find what the Executive Office has done to fulfil its disability duty, in
latest the Disability Equality Scheme report (7)

www.copac.ac.uk: The Copac, National Academic and specialist library catalogue

website with complex search forms.

O

Find the name and address of a library in York in the network of

libraries (3)

Find the name of a library that has the Harry Potter book number 4

available (4)

Find name of research and development coordinator — staff member

@)

www.theaa.com: The Automobile Association website providing customers with

information about car travel and insurance which contains complex data tables.

O

O

Find the telephone contact number for car insurance enquiries (2)

Find different car insurance plans that cover damage caused by fire
or theft (3)

Find educational information targeted for schools and colleges on

how to pass driving tests quickly (6)

www.dh.gov.uk: The UK Department of Health website with multimedia content

O

Find the name of the Member of Parliament in charge of Public
Health (3)

Find information contained in video campaign for swine flu (5)

Find report of the Plain English Workshop that happened in March
2006 (6)


http://www.nhsnss.org/
http://www.copac.ac.uk/
http://www.theaa.com/
http://www.dh.gov.uk/
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www.digizen.org.uk: Digital Citizen is an educational website with dynamically

generated content and an interactive Flash application.
o Find a list of risks associated with the use of social networks (4)

o Find statistics about the number of young people that claim to have

been target of cyber bullying (3)
o Create a digital avatar using the “Digicentral” service (8)

www.jisc.ac.uk: The Joint Information Systems Committee (JISC) is an agency for

technology development in the UK. Their website contains audio podcasts.
o Find the deadline and budget limit for next invitation to tender (2)
o Find the venue of the 2008 JISC-supported event “Rethinking the
digital divide” (5)
o Find specific information in podcast “The financing of higher
education” (5)

www.royalmail.com: The website for the Royal Mail UK post services. This website

contains complex tables and forms.
o Find the form to request a redelivery (4)
o Find the weight limit for a large first class letter (4)
o Find the price to send a parcel weighing 5Kg to Spain in 3 days (5)

www.pret.co.uk: The website of the major restaurant chain Pret a Manger which

contains a PDF menu.
o Find the nearest Pret a Manger shop to the university post code (3)
o Find nutritional information about the Classic super club sandwich (4)
o Find the price of the Luxury sea food selection for delivery (4)

www.tuc.org.uk: The website of the UK Trades Union Congress. This website has a

large amount of information on it including multimedia videos.

o Find the telephone contact number and the name of the general

secretary of the National Unions of Teachers (2)
o Find how long a parent can spend on adoption leave (4)

o Find who was the speaker on the Economy and unemployment
debate in the Congress 2009, who made a point about what were

frontline services in the NHS (3)


http://www.digizen.org.uk/
http://www.jisc.ac.uk/
http://www.royalmail.com/
http://www.pret.co.uk/
http://www.tuc.org.uk/
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e www.britishmuseum.org: The website of the British museum which has a substantial

amount of multimedia content and images.

o Find the price of a painting with the River Thames (3)

o Find the room in which the Snettisham Hoard is displayed and if it is
one of the museum’s most treasured exhibits. (5)Find information
contained in video about Hadrian’s wall (Path until video provided to
user) (6)

e www.nhsdirect.nhs.uk: The general health advice website for the National Health

Service in the UK. This website has interactive features with client-side dynamically
generated content.
o Find the name of the condition related to blood clots in long haul
flights and ways to prevent it (5)
o Find the nearest walk-in centre to the university post code (5)

e www.ford.co.uk: The automobile and truck manufacturer Ford. This website allows

users to check car prices through an interactive client-side application.
o Find the nearest dealer to the university post code (3)
o Find the cheapest used Ford Fiesta within 200 miles of the university
post code (4)
o Filter cars available according to budget, seats, doors and fuel (6)

o www.ticketmaster.co.uk: The major ticket seller for events worldwide. This website

has an interactive ticket booking system which includes a variety of dynamic content

as well as CAPTCHAs.

o Change the default location of the website to the university post code
(2)

o Find the next Jazz/Blues music event in the next 14 days (3)

o Buy a ticket at the Grand Circle for the next event at the Grand
Opera House in York (6)

This set of websites use a variety of commonly used different technologies in their
implementation. Besides common HTML (Hypertext Mark-up Language) and CSS
(Cascading Style Sheets), there were websites that used blogs, complex forms,
complex data tables, images, information in PDF (Portable Document Format),
multimedia content (both audio and video), interactive functionalities with Flash,

dynamically generated content with Javascript and “captchas”®. They also include

'8 Characters displayed distorted on purpose, used as a security measure to check that the page is being used by a

human. Supposedly, the distorted characters cannot be recognised by computer algorithms


http://www.britishmuseum.org/
http://www.nhsdirect.nhs.uk/
http://www.ford.co.uk/
http://www.ticketmaster.co.uk/
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websites from a range of sectors, both public and private, including public and
commercial services, local, regional and central government websites, and non-

governmental organisations.

The results of the WCAG audits of the home pages of these websites is presented
in Table 3.2. Of the 16 websites, 4 were conformant to WCAG 1.0 Level AA, 8 were
conformant to WCAG 1.0 Level A and 4 websites were not conformant to any level of
WCAG 1.0. No websites reached WCAG 1.0 AAA.

According to the audits of the websites with WCAG 2.0, the websites were

distributed as following, according to their level of conformance with WCAG 2.0:
- 1 website conformant with WCAG 2.0 at level AAA
- 1 website conformant with WCAG 2.0 at level AA
- 2 websites conformant with WCAG 2.0 at level A
- 12 websites that were not conformant to WCAG 2.0

The number of websites in the selection conformant to WCAG 2.0 was lower than
then number of WCAG 1.0 conformant websites mainly due to changes in the
guidelines and changes in the priority levels. New SCs were added in WCAG 2.0, and
some SCs that were previously at priority 2, were placed at level A — notably WCAG 1.0
checkpoint 3.2 — “Create documents that validate to published formal grammars” at
level 2, relating to WCAG 2.0 SC 4.1.1 at level A. New SCs included requirements for
error identification (SC 3.3.1) at level A and error suggestion (SC 3.3.3) at level AA.
Some of the websites that were conformant to WCAG 1.0 at levels A and AA did not
meet SCs 3.3.1 and 3.3.3, and some of the websites that were conformant to WCAG
1.0 at level A had failed at HTML validation tests, which deemed them to fail WCAG 2.0
level A. When examining the ways in which websites failed to conform, it was noted
that 3 of the websites (York, NHSNSS and The AA) failed one SC a single time,
specifically SC 3.3.1 (“error identification”), and otherwise conformed to Level A of
WCAG 2.0. Therefore, in some analyses, which will be noted, these websites are

classified as Level A conformant websites.

Users performed tasks with 16 websites. For each of those websites a selection of
2 — 3 tasks were created, aiming at covering different aspects of the websites. The
tasks devised for the websites were representative of the typical tasks that users would
carry out on each website. It was attempted to have shorter and less complex tasks

being performed first, with increasing level of difficulty towards the end.



Table 3.2: WCAG 1.0 and WCAG 2.0 audit results for the home pages of the 16 websites used in the study.
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www.Iflegal.com 0 0 3 3 0 0 5 5 AA| O 0 0 0 0 0 0 0 AAA
www.green-beast.com 0 0 4 4 0 0 16 16 | AA| O 0 3 3 0 0 9 9 AA
www.york.gov.uk 0 0 3 3 0 0 23 23 | AA| 1 2 2 5 1 3 3 7 Fail
www.nhsnss.org 0 0 6 6 0 0 30 30 | AA| 1 2 6 9 1 4 26 31 Fail

www.copac.ac.uk 0 2 6 8 0 2 19 21 A 0 1 2 3 0 2 4 6 A
www.theaa.com 0 5 4 9 0 8 72 80 A 1 4 4 9 1 28 29 58 Fail
www.dh.gov.uk 0 6 6 12 0 19 39 58 A 0 2 4 6 0 10 21 31 A

www.digizen.org.uk 0 10 5 15 0 27 23 50 A 3 2 7 112 | 13 12 21 46 Fail
www.jisc.ac.uk 0 5 4 9 0 32 36 68 A 3 3 7 | 13 | 185 | 10 21 216 | Fail
www.royalmail.com 0 5 4 9 0 37 54 91 A 2 2 3 7 86 3 14 103 | Fail
www.pret.co.uk 0 15 8 23 0 110 36 146 | A 7 4 [10] 21| 80 25 36 141 Fail
www.tuc.org.uk 0 11 5 16 0 176 8 184 | A 6 3 8 | 17 | 51 18 28 97 Fail
www.britishmuseum.org | 1 5 4 10 1 11 18 30 | Fail| 3 2 3 8 11 21 54 86 Fail
www.nhsdirect.nhs.uk 1 4 3 8 2 13 115 | 140 | Fail | 7 6 7 120 | 89 45 29 163 | Fail
www.ford.co.uk 6 14 6 27 | 40 57 27 124 (Fail| 14 | 8 | 11 [ 33 || 140 | 63 41 244 | Fail
www.ticketmaster.co.uk | 4 16 9 29 | 77 | 452 | 199 | 728 | Fail| 16 | 8 [ 11 | 35 | 854 | 149 | 115 | 1118 | Faill
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3.3.2 Demographic questionnaires

A demographic questionnaire was used to collect basic information about
participants. Questions included information about gender, age, native language,
internet usage, computer experience, education level, employment status, use of
assistive technologies and enhancements (improvements to a given resource, such as

audio description, subtitles) for the Web, and information about their disability.

Participants reported their computer experience in in a scale from 1 (not at all) to 7
(extensive). They also rated their expertise with their assistive technology (if they used

it) at the levels: beginner, intermediate, advanced or expert users.

A copy of the questionnaire with user information is available in Appendix C.

3.3.3 Equipment and software

The evaluations were performed using a personal computer running the Windows
XP Operating System (Service Pack 3), with processor Intel Core 2 Duo 3 GHz, 3 GB
of RAM memory, equipped with speakers, keyboard, a 15” LCD screen, a Logitech

webcam and a 2-button mouse with scrollwheel.

Blind users had the choice of either the JAWS 10.0 screenreader or WindowEyes
7.11 screenreader. Partially sighted participants could use screen magnifiers ZoomText
9.1, Supernova 11 or Virtual Magnifier 3.22. Participants also could choose one of

three web browsers: Internet Explorer 8.0, Firefox 3.5 and Google Chrome 15.

Recordings of the users’ concurrent verbal protocol, their facial expressions and the
desktop of the computer during the browsing tasks were taken using Morae 3.1. Morae

was set to record keystrokes and mouse events.

Morae’s screen-capturing mechanism was not compatible with ZoomText,
Supernova and Virtual Magnifier. The screen capturing acted on a different layer than
that on which the magnifying software programmes worked. This meant that Morae did
not record the screen with the magnification and colour changes performed by those
programmes. Recording the screen exactly as it was shown to the participant was very
important for the analysis of the accessibility problems. Hence, a different set up was

necessary for screen magnification users.

The set up for screen magnification users involved having the video output being

sent to two monitors, by means of a signal splitter. One monitor was displayed to the
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user, and the other monitor was used to record the output using a camcorder. The

recordings were performed using a Panasonic SDR-S15 digital camcorder.

3.4 Participants

3.4.1 Recruitment of participants

In order to reach participants from different groups, the following strategies were

approached to recruit participants with print-disabilities:
¢ Invite participants from previous studies
¢ Advertisement at the Disability Support Service at York St. John University
¢ Advertisement at the Disability Support Service at the University of York

¢ Advertisement at the British Computer Association of the Blind (BCAB)

mailing list
e Advertisement sent through the Action for Blind People mailing list
¢ Advertisement at the York University Students Union mailing list
¢ Invitation sent to the York Blind and Partially Sighted Society

¢ Advertisement at the Facebook group of the British Dyslexia Association

3.4.2 Description of blind participants

For this study, we considered blind participants as those who were totally blind, or
whose residual vision was not enough for them to be able to see information in a
computer monitor. The panel of blind users comprised of 32 participants, of whom 22
were male and 10 were female. Their ages ranged from 18 to 65 years (median = 39).
Regarding their visual impairment, 17 participants had no residual vision, 12 had only
light/dark perception and 3 had a very little central vision. Most participants (20 out of
32) had been blind since birth, and the remainder of the participants had had their

condition for between 3 years and 47 years of age.

All participants used screenreaders as their primary assistive technology to access
computers, 30 out of 32 use JAWS® and 2 use WindowEyes®. The WindowEyes®
users used version 7.11. JAWS® versions varied from as early as JAWS 5.0 to JAWS®
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11.0 (the most up-to-date version available when the study was conducted); 1
participant reported to use Jaws 5.0, 2 participants used Jaws 8.0, 3 participants used
Jaws 9.0, 6 participants used Jaws 10.0 and 18 participants used Jaws 11.0.
Regarding the participant using the oldest version of Jaws 5.0, he reported that he was
comfortable to use Jaws 10.0, as he had already used this version previously, including
in accessibility evaluations. Other participants who had older versions of Jaws at home

also did not report difficulties using Jaws 10.0 during the tests.

Regarding their expertise with their screen reader, 10 users rated themselves
experts, 9 as advanced users, 11 as intermediate and 2 as beginners. When asked to
mention enhancements that they use, 17 participants reported to use audio description
in multimedia content, and 6 participants reported to use text-only versions of websites

if they are available.

In a scale from 1 (not at all) to 7 (extensive), participants’ ratings of computer
experience ranged from 4 to 7, with 87% of the participants rating their experience as 5
or above. Most of the participants (29 out of 32) had been using the Internet for 7 years
or more. Internet Explorer was the most popular internet browser used by participants,
being mentioned as primary navigator by all but one participant, who used Firefox. The
maijority of blind participants had English as their first language (30 out of 32). One
participant had German as first language, and another had Gujarati, but both were

fluent in English.

Regarding their education, 14 participants had completed secondary-level
education, 2 had a trade qualification, 12 had a university degree, and 4 had completed
post-graduate studies. With regards to their ability with Braille, 29 of the 32 participants
reported to have some knowledge in Braille, with 20 rating them as experts in Braille, 4

as having advanced knowledge, 4 at intermediate and one at basic level.

3.4.3 Description of partially sighted participants

Partially sighted those participants were those who had some problems with their
sight, but were not totally blind. The panel of partially sighted users comprised of 19
participants, of whom 9 were male and 10 were female. Their ages ranged from 21 to
68 years (median = 43). Nearly half of the participants (9 out of 19) had their sight
condition since birth, and the remainder of the participants had had their condition for
between 12 years, and 54 years of age. Only 8 out of 19 participants had previously

done some evaluation of websites before.
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Participants were asked to provide a description of their sight condition and how it
affected the way they see and interact with computers. The conditions reported by
participants were varied, and participants had different degrees of sight. The following

is the description of each participant’s sight.

¢ Participant 1 has different vision aptitude for the top and bottom of her eyes. She

usually reads the web at a minimum font size of 16 point.

e Participant 2 is colour vision deficient. He has 20% of his/her central vision and 30-

40% of his/her peripheral vision, and can only see black and white.
e Participant 3 can only see outlines and contours at or beyond a distance one meter.
¢ Participant 4 is 3/4 blind in her left eye.

¢ Participant 5 findings it difficult to see things on computers when colours are too
bright or too dark. Participant 6 hasvery little sightwith only a little peripheral vision

on his left eye, which enables to see black and white.
¢ Participant 7 has 4/60 vision acuity.
e Participant 8 has visual acuity 6/60.

¢ Participant 9 only has peripheral vision. She has to enlarge text to read, but too
much enlargement is not adequate. She sees as if there was a line in the middle of

the eye.

¢ Participant 10 lost his central vision on both eyes and only uses his peripheral
vision.
e Participant 11 reported that her eyes have do not take light in. She has night

blindness and tunnelled vision.

e Participant 12 has problems with involuntary movement of eyes and problems with

depth perception.

e Participant 13 can see details at 3 metres with left eye, at 1 metre with right eye.

She normally uses font size at a minimum of 24 point.

e Participant 14 has only 10% peripheral vision on both eyes and normal central

vision.

¢ Participant 15 is totally blind in his right eye, and has distorted vision in his left eye.

He has visual acuity 6/60.
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¢ Participant 16 has little peripheral vision, reduced central vision and visual acuity
6/60.

o Participant 17 has tunnelled vision.
e Participant 18 can only see at very close distance.
e Participant 19 only has peripheral vision.

About three quarters of the participants (14 out of 19) used a specialised screen
maghnification software. ZoomText® was used by 9 participants, Supernova by 3
participants, and Lunar and Virtual Magnifier by one participant each. Out of these 14
participants, 4 reported to use speech synthesis as well as magnification when using
computers. ZoomText® users used version 9.11, and Supernova versions ranged from
10.1 to 11.5. The Lunar® and Virtual Magnifier users did not know the version of their

assistive technologies.

Two participants rated themselves as beginners, 7 as intermediate users, 2 as
advanced users, and 3 as experts. The 5 other participants who did not use a
specialised screen magnification software had different adaptations, including the use of
screen resolution of 800x600px and extra-large scheme on Windows (used by 3 of the

5 participants), and resizing text on the internet browser (2 of the 5 participants).

The level of magnification used by each participant also varied considerably.
Among the screen-magnification users, the level of magnification varied from 2 times to
36 times magnification, with 8 of the 14 participants using magnification levels between
2 times and 4 times. The participants who did not use screen magnification software
used text zooming features in their browsers, with zoom levels between 120% and
200%. It is worth noting, though, that 3 of the 5 participants used zoom in their browser

on top of a significantly enlarged screen with their Windows settings.

Regarding the colour settings, 9 of the 19 participants needed to change the colour
scheme to be able to see the screen. Of these, 6 used an inverted colour scheme, one
used yellow on blue, one used white on black and one used a monochromatic scheme
with black on white. It is worth noting that 2 of the participants who use inverted colours
did not use the feature provided by their screen magnification software. They preferred
using the high contrast colour scheme from the operating system, as they said that
when the magnification software inverted large sections of black content, the bright
white resulting from the inversion of black would cause them a lot of discomfort in their

eyes due to glare.
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With respect to their experience with computers, in a scale from 1 (not at all) to 7
(extensive), the rating of experience ranged from 2 to 7; 74% of the